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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 specific 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 difficult 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 influence 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 specific 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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out most preventive use of antimicrobials and to reduce and refine metaphylaxis by applying
recognised alternative measures.
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Summary

Following a request from the European Commission, the European Food Safety Authority (EFSA)
and the European Medicines Agency (EMA) were asked to deliver a Joint Scientific Opinion on
measures to reduce the need to use antimicrobial agents in animal husbandry in the European Union
(EU) and the resulting impacts on food safety, taking into account the impact on public health and
animal health and welfare. EFSA and EMA were asked to review the measures that have been, or are
being taken, to reduce the use of antimicrobials in animal husbandry in the EU (Term of Reference
(ToR) 1), to assess the impact of such measures regarding the occurrence of antimicrobial resistance
(AMR) in bacteria from food-producing animals and food (ToR 2), to review the recent scientific
developments in the area of possible alternatives to the use of antimicrobials in animal husbandry in
the EU (ToR 3), to assess the potential impact of such alternative measures on the occurrence of AMR
in bacteria from food-producing animals and food (ToR 4), and, finally, to recommend options to
reduce antimicrobial use in animal husbandry in the EU, including consideration of the advantages and
disadvantages of the different alternatives. Where a continued need is identified to use antimicrobials
in the interests of animal health and welfare, the Opinion should recommend how such use can
continue with the minimum possible risk to human health (ToR 5). In the framework of the mandate in
general, the use of antimicrobials is only discussed in relation to food-producing animals in the EU.

To assist in the formulation of this Opinion, the joint EFSA/EMA ad hoc Working Group (WG) on the
reduction of the need to use antimicrobials in food-producing animals (RONAFA) reviewed published
information available on specific measures applied by the Member States (MSs), available data on the
sale and use of antimicrobials in food-producing animals, including circumstances and diseases where
antimicrobials are most intensively used, AMR surveillance data and scientific publications. Additional
information was also collected through questionnaires to stakeholders and one external expert, in the
role of hearing expert. The focus was on cattle, pig and poultry production systems, but other food-
producing species were also considered where information was available.

For ToR 1 (review measures that have been, or are being taken, to reduce the use of antimicrobials
in animal husbandry in the EU), EFSA and EMA concluded that a wide range of control strategies to
have been implemented in several EU MSs with the aim to combat AMR through reducing antimicrobial
use in animal husbandry. Favourable results have been noted, especially in countries in northern
Europe. The EC Guidelines for the prudent use of antimicrobials in veterinary medicine (PUAVM
Guidelines), published in September 2015, provide practical guidance for the development and
implementation of prudent use strategies. In successful programmes to reduce antimicrobial use, a
multifaceted approach has been applied, reflecting the multiplicity of factors that influence
antimicrobial use. Programmes have taken account of local livestock production systems and have
involved all relevant stakeholders in their implementation. Some individual measures appear to have
had a specific impact in driving a reduction in antimicrobial use in MSs where they have been applied:
high-level reduction targets supported in national strategies; farm-level measurement of antimicrobial
use and benchmarking; strengthening controls on group treatments, especially premixes; a
requirement for antimicrobial susceptibility testing prior to use of high priority critically important
antimicrobials (CIAs); and legislative and voluntary industry sector restrictions on the use of high
priority CIAs. Supporting measures, such as provision of treatment guidelines and education, may have
been important but have had less clear impacts.

For ToR 2 (assess the impact of such measures regarding the occurrence of antimicrobial resistance
in bacteria from food-producing animals and food), EFSA and EMA concluded that assessing the
impact of measures to reduce antimicrobial use on the occurrence of AMR in food-producing animals
and food is difficult for several reasons. For example, several measures may have been applied
simultaneously, trends can only be observed where there is a sustained period of longitudinal,
standardised monitoring data (which is not available from all MSs) and it is difficult to establish
causality in such complex systems. Nevertheless, there are a few examples where specific measures to
reduce antimicrobial use have been associated with a reduction in AMR in bacteria from food-
producing animals or foods thereof. Ecological studies have also demonstrated correlations between
antimicrobial use and resistance in bacteria from food-producing animals. Overall, it is reasonable to
assume that a reduction in antimicrobial use will result in a general reduction in AMR in bacteria from
food-producing animals and food.

For ToR 3 (review the recent scientific developments in the area of possible alternatives to the use
of antimicrobials in animal husbandry in the EU), all measures aimed at reducing the need to use
antimicrobials were reviewed and discussed. In addition to recent scientific developments, animal
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husbandry measures that have been, or are being taken, to reduce the use of antimicrobials in animal
husbandry in the EU are also detailed. Furthermore, compounds that are presently used as alternatives
to antimicrobials are also summarised.

Animal husbandry and disease prevention measures that can be implemented to improve animal
health and welfare, and therefore reduce the need to use antimicrobials, can be divided into three
main categories, including practices to reduce the introduction and spread of microorganisms between
farms (primary prevention), to reduce transmission or spread within a farm (secondary prevention),
and to increase the ability of animals to cope with these pathogens (tertiary prevention). Primary
prevention includes external biosecurity, compartmentalisation and eradication measures. Secondary
prevention includes internal biosecurity, production groupings, housing design, building and
maintenance. Tertiary prevention includes housing, nutrition, stress reduction, vaccination and genetic
selection; collectively and individually, these approaches can increase the ability of an animal’s immune
system to respond appropriately to an infectious challenge. Organic or similar alternative farming
practices may improve housing and management conditions for animals and therefore contribute to
secondary and tertiary prevention, while primary prevention may be compromised, for example, by
increased levels of exposure to wildlife. In relation to reducing AMR, in the majority of the studies
appraised, an association was observed between organic farming and reduced AMR. However, due to
the limitations in the study design, methodologies for data analysis and biological relevance of the
approach, in many of these studies, there is a potential for bias in the estimate of the association and
effect of organic farming on AMR. Therefore, conclusive evidence of the impact of organic farming on
reducing AMR cannot be established because of the high level of uncertainty in the appraised studies.

A literature search was undertaken to identify peer-reviewed published articles on alternatives to
antimicrobials, with the primary aim to select studies on the efficacy of the alternative measure on
health parameters (e.g. reduced morbidity or mortality) and, preferably, reporting a comparison with
an antimicrobial treatment. EFSA and EMA concluded that there are numerous published papers that
discuss the potential of compounds and live microorganisms that may be used as alternatives to
antimicrobials in livestock production. Only a limited number of studies provide robust scientific
evidence that conclusively prove that the above agents are possible alternatives, positively affecting
health parameters in animals. Some of the published papers describe the use of alternatives for the
reduction of disease risk. The literature review has identified gaps in knowledge that limit the use of
alternatives to antimicrobials in animal husbandry in the EU. For example, there are very few cases in
which data on the same agent used as an alternative to antimicrobials are reported in more than one
study, and most of these studies demonstrate the efficacy of these agents, but very few are clinical
trials or provide robust data to demonstrate the efficacy according to the authorisation guidelines as
feed additives or veterinary medicines. A positive impact on animal health parameters has been
demonstrated for some of the alternatives considered. These include organic acids, probiotics,
competitive exclusion, synbiotics, passive immunisation, bacteriophages, immunomodulators, Zinc
oxide, clay minerals and teat sealants. Evidence on the efficacy of these alternatives, associated risks
and specific knowledge gaps are listed in the Opinion.

For ToR 4 (to assess the potential impact of such alternative measures on the occurrence of
antimicrobial resistance in bacteria from food-producing animals and food), EFSA and EMA concluded
that due to the limitation in data availability, the potential impact of the alternative measures on the
occurrence of AMR in bacteria from food-producing animals and food cannot be conclusively
established. Measures which reduce the need to use antimicrobials, such as improved biosecurity,
control and/or eradication of infectious diseases and the alternatives identified above, are likely to
reduce development of AMR indirectl. Some substances which are used as alternatives to
antimicrobials (e.g. zinc oxide) may also increase selection pressure towards AMR, but this has not
been investigated for other alternatives.

For ToR 5 (recommend options to reduce antimicrobial usage in animal husbandry in the EU,
including consideration of the advantages and disadvantages of the different alternatives. Where a
continued need is identified to use antimicrobials in the interests of animal health and welfare,
recommend how such use can continue with the minimum possible risk to human health), the primary
overarching objective of the recommended options is that an integrated, multifaceted approach is
taken to reduce the use of antimicrobials in the livestock industry. This approach should be developed
in national strategies implemented through action plans and harmonised systems for monitoring
antimicrobial use and for surveillance of AMR across food-producing animals and food derived thereof
should be developed to evaluate the effectiveness of the measures taken. Recommended options
(non-prioritised) for reducing the use and need for antimicrobials include establishing targets for
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reduction of the use of antimicrobials, especially CIAs; development and use of on-farm animal health
management with professional input; increasing the responsibility taken by veterinarians for prescribing
antimicrobials; increased oversight of preventive and metaphylactic antimicrobial use; training and
education for veterinarians and for end users of antimicrobials, and raising public awareness; increasing
the availability and use of rapid and reliable diagnostics and antimicrobial susceptibility tests, including
at the farm level; improvement of husbandry and management procedures for disease prevention,
control and eradication in livestock production, including vaccination; rethinking livestock production
systems including reduced reliance on antimicrobial use and exploring further the potential of
alternative production systems; and, finally, the development of treatments which are alternatives to
antimicrobials. Considerations of the advantages and disadvantages of the recommended options have
been provided, together with indications of the levels of responsibility (EU, national, local, etc.) for
implementing these options. Of note is that all options listed should be assessed, and if necessary
adjusted, in the light of local circumstances.

Antimicrobials remain a key tool for the treatment of infectious diseases in animals. In the
treatment of livestock, there are three different circumstances for antimicrobial treatment: curative
treatment, metaphylaxis and prevention. In all cases where administration of an antimicrobial is
required, this should be prescribed following appropriate diagnosis by a veterinarian with a good
knowledge of the disease epidemiology on the farm and immune status of the livestock. Approved
treatment guidelines which give consideration to the responsible use of antimicrobials that are CIAs for
human health should be followed.

Animals with clinical signs of a bacterial infection that is impacting on their health and welfare in
many cases need curative treatment with antimicrobials. Metaphylaxis is a strategy frequently used in
intensively reared animals and is appropriate when there is potential for high morbidity due to rapidly
spreading disease. There should be an aim to refine and reduce the use of metaphylaxis based on
identification of underlying risk factors and implementation of measures for their control. There should
be an aim to phase out preventive use of antimicrobials, except in exceptional circumstances. This
should be based on a structured review of such use in each sector/region and development of disease-
specific guidance.

Several knowledge gaps and uncertainties have been identified. Detailed knowledge of trends in
AMR (human, veterinary, food) at both MS and local level is frequently lacking in several MSs.
Inferences on the impacts of measures taken to reduce antimicrobial use would be facilitated by
knowledge of antimicrobial use and AMR at an individual species and farm level. A number of
treatments have been studied as alternatives to antimicrobials and some have shown the potential to
be efficacious. There is a gap of knowledge in relation to their effectiveness in field conditions.
National strategies and action plans on AMR do not exist or are not readily accessible for all MSs.

Recommendations for further research are diverse. For example, methodologies for AMR
surveillance and monitoring antimicrobial use should be developed. Investigation is needed into the
requirements for antimicrobial stewardship programmes and developing rapid diagnostic methods. As
treatment options are evolving, the impact of different formulations and classed of antimicrobial and
dosing regimens on the development of AMR should be assessed. In addition, development of
improved vaccines against specific infections accounting for high antimicrobial use in farm production
systems is needed. Additional research is needed to develop reliable alternatives to antimicrobials,
investigating their mode of action and effectiveness in controlled and meaningful clinical trials. The
potential of alternative farming systems on reducing AMR without compromising animal health and
welfare should be further explored.
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1. Introduction

1.1. Background and Terms of Reference as provided by the European
Commission

Combating antimicrobial resistance is a priority for the European Commission (EC) which launched
in 2011 a 5-year Action Plan against the rising threats from antimicrobial resistance (AMR), based on a
holistic approach, in line with the ‘One Health’ initiative. The plan introduced a set of rigorous
measures to fight against AMR.

Antimicrobials are necessary for treating many human and animal diseases. Any use of antimicrobials,
either in human or veterinary medicine, might result in the development of AMR and has an impact on
human and animal health, although the specific impact has not been quantified to date. The prudent use
of antimicrobials in human and veterinary medicine is therefore a key element of the Action plan to
contain resistance for the benefit of both animal and human health.

Antimicrobial agents have been used for many years in animal husbandry mostly for treatment and
also for animal production purposes. Their use as feed additives for growth promotion has been
banned in the European Union (EU) since 1 January 2006. The use of antimicrobial agents in animal
husbandry is necessary for the treatment of animal disease. In certain cases, antimicrobials are used
for prophylaxis.

Figures from the European Surveillance of Veterinary Antimicrobial Consumption (ESVAC) Report
2014 (EMA ESVAC, 2016) of the sales of antimicrobial veterinary medicinal products in food-producing
species in 29 European countries accounting for approximately 95% of the food-producing animal
population in the EU/EEA area, show that a total of 8,936 tonnes of active ingredients of veterinary
medicinal products were sold for use in livestock in the 29 reporting countries. The ESVAC report
shows that during the last years some Member States (MSs) have introduced successful initiatives to
reduce antimicrobial consumption. For 24 countries reporting sales data to ESVAC for the years 2011-
2014, an overall decrease of 12% in sales (mg/PCU) was observed. Spain changed its system for
collecting sales data in 2014, if Spain is included in the calculations the resulting decrease would be
2.4%. The report shows considerable variation in the use of antimicrobial agents between countries
and it is of note that antimicrobial classes such as 3rd- and 4th-generation cephalosporins,
fluoroquinolones, aminoglycosides and polymyxins, which are classified as Critically Important
Antimicrobials (CIAs) by the World Health Organisation (WHQ), are sold, in substantive amounts for
use in animals in some MSs. Tetracyclines were by far the most common class of antimicrobials used.

The use of antimicrobials in food production animals has come under considerable scrutiny,
particularly in recent years. At the request of the European Commission, the European Food Safety
Authority (EFSA) has published several opinions on this subject, sometimes independently and at other
times in collaboration with the European Centre for Disease Prevention and Control (ECDC), the
European Medicines Agency (EMA) and Scientific Committee on Emerging and Newly Identified Health
Risks (SCENIHR). EFSA and ECDC produce yearly the European Union Summary Report (EUSR) on
antimicrobial resistance in zoonotic and indicator bacteria from humans, animals and food. Following a
request from the European Commission, EMA in collaboration with EFSA and ECDC provided a ranking
of antibiotics taking into account the risk for public and animal health.

Further inter-EU agency collaborations have resulted on the ECDC/EFSA/EMA first joint report on
the integrated analysis of the consumption of antimicrobial agents and occurrence of AMR in bacteria
from humans and food-producing animals.

The use of antimicrobial agents in food-producing animals has an impact on human health, although
this cannot be quantified at present. Such problems were highlighted in the EFSA Scientific Opinion
on the public health risks of bacterial strains producing extended-spectrum B-lactamases and/or AmpC
B-lactamases in food and food-producing animals. Key conclusions from this report were that

‘since most ESBL- and AmpC-producing strains carry additional resistances to other commonly-
used veterinary drugs, generic antimicrobial use is a risk factor for ESBL/AmpC and it is not
restricted specifically to the use of cephalosporins. Prioritisation is complex, but it is considered
that a highly effective control option would be to stop all uses of cephalosporins/systemically
active 3" and 4™-generation cephalosporins, or to restrict their use (use only allowed under
specific circumstances). As co-resistance is an important issue, it is also of high priority to
decrease the total antimicrobial use in animal production in the EU".
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Because of these concerns for public health, and the possible consequences for animal health and
welfare, there is increasing focus on measures to reduce antimicrobial usage in animal husbandry by
promoting prudent use initiatives, as well as exploring alternative management aspects to the use of
antimicrobials in farms. In addition, there is great interest to deploy possible alternatives to the use of
such agents in livestock production. Such measures range from changes in husbandry practices,
improved biosecurity, to more direct interventions such as the use of vaccines, immune modulation,
interventions aimed to influence gut microbiome, bacteriophage therapy and competitive exclusion, to
name a few examples.

The European Commission requests jointly to EFSA and EMA, taking into account the impact on
public health and animal health and welfare, to:

e review the measures that have been, or are being taken, to reduce the use of antimicrobials in
animal husbandry in the EU;

e assess the impact of such measures regarding the occurrence of antimicrobial resistance in
bacteria from food-producing animals and food;

e review the recent scientific developments in the area of possible alternatives to the use of
antimicrobials in animal husbandry in the EU;

e assess the potential impact of such alternative measures on the occurrence of antimicrobial
resistance in bacteria from food-producing animals and food;

e recommend options to reduce antimicrobial usage in animal husbandry in the EU, including
consideration of the advantages and disadvantages of the different alternatives. Where a
continued need is identified to use antimicrobials in the interests of animal health and welfare,
recommend how such use can continue with the minimum possible risk to human health.

1.2. Interpretation of the Terms of Reference and modus operandi

The above terms of reference (ToR) have been further discussed and clarified by EFSA, EMA and
the European Commission, the requestor of the mandate. Each individual ToR is further examined
below and its interpretation in the framework of this Scientific Opinion is presented.

To assist in the formulation of this Opinion, a joint EFSA/EMA ad hoc Working Group (WG) on the
reduction of the need to use antimicrobials in food-producing animals (RONAFA) was convened. The
RONAFA WG has reviewed published information available on specific measures applied by MSs,
available data on the sale and use of antimicrobials in food-producing animals, including circumstances
and diseases where antimicrobials are most intensively used, AMR surveillance data and scientific
publications. Additional information was also collected through questionnaires to stakeholders and one
external expert, in the role of hearing expert. The focus was on cattle, pig and poultry (all poultry
species) EU production systems, but other food-producing species were also considered where
information was available.

1.2.1. Terms of Reference 1 and 3

In the framework of this ToR and of this mandate in general, the use of antimicrobials is only
discussed in relation to animal species used as food-producing animals in the EU. No other animal
species are considered.

Under ToR 1, the Opinion will review the measures that have been or are being applied to reduce the
use of antimicrobials. The starting point, and main focus of the review, will be the measures that have
been already identified in the EC Guidelines for the prudent use of antimicrobials in veterinary medicine
(EC PUAVM Guidelines).'? Additionally, under ToR 3, the Opinion will review the measures aimed at
reducing the need to use antimicrobials, including alternatives to antimicrobials and recent scientific
developments. Development of new antimicrobials is not covered by this mandate and will not be
discussed. The Opinion will cover measures related to the prudent use of antimicrobials and the selection
of appropriate antimicrobials for treatment, as well as those measures aimed at preventing the
establishment of infections in animals, including for example enhanced biosecurity, vaccination, etc. In
particular, measures will be considered when they may have an implication on the level of AMR in
zoonotic pathogenic or commensal bacteria, rather than on bacteria that are pathogenic only to animals.

L Commission Notice 2015/C 299/04. Guidelines for the prudent use of antimicrobials in veterinary medicine. O] C 299,
11.9.2015, p. 7-26.

2 Commission Staff Working Document. Guidelines for the prudent use of antimicrobials in veterinary medicine. Practical
examples. Available at: http://ec.europa.eu/health/antimicrobial_resistance/docs/2015_prudent_use_guidelines_annex_en.pdf
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1.2.2. Terms of Reference 2 and 4

As mentioned in the background of the mandate, the use of antimicrobial agents in food-producing
animals is recognised potentially to have an impact on human health. The overall aim of the mandate
is to review available information and recommend the most appropriate options to reduce the need for
and the use of antimicrobials in food-producing animals in the EU, with the ultimate goal of protecting
public health from AMR-related risks acquired through the food-borne route and food-producing
animals.

Due to data and time constrains, this assessment will not go further than measuring potential
exposure, and there will not be any attempt to quantify the impact of the measures in terms of
reduction of human disease or of occurrence of AMR bacteria in humans. The study of the association
between the use of antimicrobials in animals and AMR in animals and humans is not in the scope of
this assessment, and is an object of other activities of ECDC, EFSA and EMA. Under ToRs 2 and 4, the
Opinion will assess the impact of the identified applied and alternative measures on the occurrence of
AMR in bacteria in food-producing animals and food thereof. This assessment will support the
identification of those measures that are expected to have the highest impact.

In this respect, there are some limitations on what is possible considering the availability of EU data.
The assessment will evaluate, in a qualitative way, the impact of the measures reviewed based on the
data on the use of antimicrobials (e.g. ESVAC), and on the occurrence of resistance in bacteria which
have been/are under official EU monitoring on a mandatory or voluntary basis (e.g. Salmonella spp.,
Campylobacter spp., indicator E. coli, indicator Enterococcus, meticillin-resistant Staphylococcus aureus
(MRSA)) in food-producing animals and food where available. These zoonotic pathogens or commensals
could be transmitted to humans and either cause disease or be the source of resistance genes. It is
assumed that their levels in food-producing animals and food thereof correlate with the exposure of
humans to resistant bacteria/resistance genes. When the impact of the measures on the use of
antimicrobials or on the occurrence of AMR is not clear or there are not sufficient data to assess it, data
gaps and limitations will be indicated and explained.

It should be further understood that, due to the complexity of the factors contributing to AMR
development (e.g. occurrence of cross- and co-resistance, fitness costs and compensatory
mechanisms, dissemination clonally and via transfer of mobile genetic elements) and because multiple
measures may have been implemented simultaneously, it may be difficult to attribute any impacts
directly to individual actions.

1.2.3. Term of Reference 5

The recommendations formulated in answer to ToR 5 will be focused on desired benefits in terms
of public health. Advantages and disadvantages of the options proposed will be discussed.

The Opinion will identify the circumstances under which continued use of antimicrobials in food-
producing animals is necessary for animal health and welfare reasons, and discuss how such continued
use can be made so to take into account the primary aim of enhancing the protection of public health.

1.2.4. Other issues

Ionophore compounds are used as coccidiostats in livestock species and, in dairy cattle, monensin
is used for the prevention of ketosis. These compounds present an antimicrobial activity against Gram-
positive bacteria and have been used in the past as growth promoters in animal farming. Since
ionophores are not used to treat infectious disease in humans, the use of these compounds will not be
considered in the Opinion.

The effect of the use of antimicrobials in food-producing animals on the development of AMR in the
environment is also outside the remit of this Opinion, and thus will not be assessed.

Similarly, financial consideration related to the implementation of the measures discussed in this
Opinion will not be considered.

1.3. Definitions

Definitions of antimicrobials, antimicrobial resistance and resistance genes, together with
antimicrobial use terminology are provided in the Glossary.

Throughout the document, the term ‘antimicrobial’ has been used in place of ‘antibiotic’ or
‘antibacterial’.
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1.4. Emergence and transmission of antimicrobial resistance, priority
antimicrobials and microorganisms

Fundamental to the emergence and spread of bacteria exhibiting AMR are the processes of
selection and dissemination.

1.4.1. Selection

Selection occurs when a single AMR bacterium in a population is provided with the opportunity to
become more prevalent as a result of the killing or suppression of the previously dominant sensitive
population. Such opportunities are afforded by selection following the application of an antimicrobial or
antimicrobials to which the organism exhibits reduced susceptibility or clinical resistance. The single AMR
organism then survives to reproduce, often in an exponential progression, until a new equilibrium is
reached, thereby becoming more dominant organism within the bacterial population (Baquero, 2011). In
the treated host, the selection process is driven by the drug pharmacokinetics and dosage regimen. The
dosage regimen is defined by the dosage (mg/kg), the route of administration (formulation), the
treatment interval and the treatment duration. Variation in the regimen creates different selection
windows (time and concentration levels) of bacterial populations (microbiota) in different locations
(digestive tract, skin, infected tissue, etc.). It is often claimed that AMR has not been a major issue for
the treatment of animal infections, but quantitative surveillance data suggest otherwise (DeDonder
et al., 2016) and such resistance to simple antimicrobials, especially in intestinal organisms, has been
partly responsible for increased use of priority antimicrobials in food-producing animals in recent years.

1.4.2. Dissemination

The dissemination of AMR genes is a consequence of a variety of interactions between many
biological vehicles containing such genes and is summarised in Table 1.

Table 1: Biological entities and factors contributing to the selection and dissemination of AMR
(adapted from ECDC, EFSA and EMA, 2015)

Blol_o_glcal Description Process_ of resistance Further considerations
entities transmission
AMR genes Number and size of genes Vertical spread Cross-resistance

coding for resistance
Mechanism of resistance
(mutation or gene located on
mobile genetic element(s))
Functions encoded

Copy number

Genetic Chromosome Bacterial multiplication Co-resistance
environment Mobile genetic elements Recombination events Fitness in cell
(transposons and/or plasmids)  Conjugation
Transformation
Transduction
Bacterial Expressed resistance phenotype Spread of bacterial population  Antimicrobial susceptibility
cells against antimicrobials Carriage by different hosts pattern
Expressed phenotype in (food-producing animals, Growth rate
microenvironment wildlife animals, human beings) Associated virulence
Survival in the environment characteristics
(e.g. water, soil, dust) Associated colonisation
characteristics
Host environment (e.g. farm,
hospital)
Bacterial Bacterial species Spread between bacterial Level of antimicrobial
population/ Diversity species concentrations
microbiota  Connectivity Coevolution

Intrinsic and historical changes
in antimicrobial susceptibility
(pharmacodynamic variability)
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Blol_o_glcal Description Process_ of resistance Further considerations
entities transmission
Host Frequency of drug exposure Selection window in different Drug elimination in
Pharmacokinetics variability body location environment
Bacterial transfer between
hosts
Bacterial emission in
environment
Human and Contact between individuals Rate of transmission Animal end products
animal (animal/animal, human/human) Food from animal origin
population  Contact between animal/human Animal excreta
Human excreta
Environment Emission of excreta in Transmission in water Mode of treatment
environment Exposure of soils and vegetables Antimicrobial concentrations
Bacterial load Dust

Aspects of the evolution and organisation of resistance mechanisms that may influence the
likelihood of transfer of AMR from animals to humans were considered by the EMA Antimicrobial Advice
ad hoc Expert Group (AMEG) (EMA, 2014) for the purposes of providing a categorisation of
antimicrobials based on their risk to public health from AMR development following the use of in
animals. Five factors were identified:

1) The presence of a chromosomal mutation or mutations contributing to the development of
resistance to a clinically relevant antimicrobial — e.g. to quinolones and fluoroquinolones.
Chromosomal mutations occur randomly and a single mutation may give rise to high-level
resistance, or a series of stepwise mutations may be required before resistance of clinical
importance develops. Where mutations are stable, this fosters clonal spread of resistance. A
single mutation can confer resistance to several substances within a related antimicrobial
class (cross-resistance).

2) Organisation of non-chromosomal resistance genes into horizontally transferable elements
(Carattoli, 2009), enabling localisation on deoxyribonucleic acid (DNA) outside the bacterial
chromosome (e.g. conjugative or mobilisable plasmids, transposons, integron-gene
cassettes). Depending on the plasmid and the presence or absence of genes, transfer of
genetic elements encoding for AMR may be transferred between related or distinct bacterial
species.

3) The presence of a cluster of linked AMR genes, facilitating co-selection of resistance to one
substance during exposure to an unrelated substance. Co-selection may involve resistance to
heavy metals or, less commonly, tolerance to residual level of biocides such as triclosan or
quaternary ammonium compounds such as benzalkonium chloride used in the food industry
and on farms (Nhung et al., 2015; Wales and Davies, 2015).

4) The potential for transmission of resistance through zoonotic and commensal food-borne
bacteria. The gut microbiota is considered as the largest reservoir of transferable/mobilisable
resistance genes, not only within livestock (Looft et al., 2012) but also in humans (Sommer
et al., 2010) and bacteria present in the gut can act as donor, vector or recipients of AMR
genes.

5) Other factors, such as the incorporation of plasmid- or transposon/integron-mediated
resistance into the bacterial chromosome, the presence of plasmid addiction systems and
other mechanisms contributing to plasmid stability in bacterial cells all serve to maintain
AMR genes within a bacterial population and lessen their chance of loss when antimicrobial
selection pressure is withdrawn.

In addition to the factors listed above, that for the most part relate only to genetic mechanisms,
there are many others that may affect the emergence and spread of AMR and the probability of
transfer of AMR bacteria or the determinants therein from animals to humans. Such factors include
dosage, including underdosage (Kohanski et al., 2010; van der Horst et al., 2011; Callens et al., 2012;
Pardon et al., 2012a), dosing regimens, including volume of use (Chantziaras et al., 2014),
administration route (Burow and Kasbohrer, 2016) and animal husbandry conditions (Catry et al.,
2016). There are many pathways through which resistance can be transmitted between animals,
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humans and the environment (Landers et al., 2012). There are also examples of the transmission of
AMR from humans to food-producing animals (e.g. certain strains of MRSA), and thence back to
animals, but such transfer happens predominantly via direct contact with living animals (Bal et al.,
2016). Such transfer has not been considered in depth in the context of this Opinion as it has been
reviewed elsewhere (Catry et al., 2010).

Antimicrobials are used in food-producing animal production for treatment and prevention of a
large number of infections and, although banned in the EU, in many countries outside the EU for
growth promotion (Shea et al.,, 2004). The emergence of AMR bacteria and selection of resistance
genes following the use of antimicrobials is widely acknowledged and all antimicrobials can select for
resistance to varying degrees. Nevertheless, knowledge of the occurrence of AMR in food-producing
animals in relation to the quantitative impact of the use of different treatment regimens on the
selection for resistance, together with information on the best choices of therapy to limit the
development of AMR, remains incomplete, as do the relative contributions of antimicrobial use in both
human and veterinary medicine (Aarestrup, 1999, 2000; Levy, 2014).

Dissemination of AMR from hospitals, or more generally sewage, into the environment via waste
and the excrement of treated patients is increasingly perceived as a threat to public health, and a
possible original source of AMR organisms and resistance genes that may be further disseminated by
animals exposed to contaminated water or waste (Acar and Rostel, 2001). Manure from animal
production may be an important route for contamination of the environment with AMR organisms.

Concern over AMR bacteria causing human infections that are difficult to treat has led to a
proliferation of studies investigating resistance in livestock, food products, the environment and people,
as well as in the mechanisms of transfer of the genetic elements of resistance between bacteria, and the
routes, or risk pathways, by which the spread of AMR might occur. The possibility of transfer of genetic
elements conferring resistance to antimicrobials between bacteria in mixed populations adds many
additional and complex potential routes of spread. There is considerable evidence that transfer of AMR,
such as that encoded by extended-spectrum beta (B)-lactamase (ESBL)-related genes, from food-
producing animals to humans directly via the food chain is a likely route of spread (EFSA BIOHAZ Panel,
2011; Maciuca et al., 2015). Although undoubtedly important, the role of the environmental transmission
of resistance is not considered relevant to this Opinion, which is targeted at strategies to reduce
antimicrobial use in the food-producing animal sector and will not be discussed further.

1.4.3. Priority organisms, priority antimicrobials and their use in animal
husbandry, and resistance development

The following priority organisms, priority antimicrobials and their use in animal husbandry and
resistance development have been highlighted in various studies and are addressed in this document.

1.4.3.1. Priority Organisms
Pathogenic bacteria

The pathogenic microorganisms of importance to public health in relation to food safety that have
been primarily addressed are Salmonella spp., Campylobacter spp., and pathogenic Escherichia coli.
For AMR in pathogenic E. coli from animals, there are insufficient data about its zoonotic potential for
meaningful conclusions (van Hoek et al., 2016).

Commensals
The commensal indicator organisms considered are non-pathogenic E. coli and Enterococcus spp.
1.4.3.2. Antimicrobials

The WHO has classified certain antimicrobial classes as *Critically Important Antimicrobials for human
medicine’ (WHO, 2012). These include: cephalosporins (3rd- and 4th-generation); quinolones (including
fluoroquinolones), aminoglycosides, macrolides, penicillins and polymyxins. These antimicrobial classes
have been used in some countries in the EU as first-line treatment for a variety of infections in veterinary
medicine. Using the WHO list as a basis, in 2013, the AMEG categorised the CIAs according to the risk
to public health and advised that the fluoroquinolones and systemically administered 3rd- and
4th-generation cephalosporins should only be used in veterinary medicine when there is no alternative
available (Category 2, higher risk to public health) (EMA, 2013a). Although the above antimicrobial
classes are considered of high importance, because of the issue of co-resistance (see Glossary),
resistance to other antimicrobial classes (e.g. tetracyclines) is discussed where considered relevant.
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1.4.3.3. Combinations - organisms and priority resistances

ECDC, EFSA, EMA and SCENIHR (2009) selected the following combinations of microorganisms’
antimicrobials as the ones of major concern and relevance for public health:

Salmonella spp. — quinolone resistance;

Campylobacter spp. — quinolone resistance;

Salmonella spp. — cephalosporin resistance (3rd- and 4th-generation);
Campylobacter spp. — macrolide resistance.

Following recent concerns about the appearance and spread of plasmid-mediated resistance to
colistin (see below), and its increasing importance in human medicine to treat carbapenem-resistant
infections, this substance has been reviewed by the AMEG (EMA, 2016b) and is now considered as an
antimicrobial of high concern to be included in Category 2. Therefore, this report will also consider:

e Enterobacteriaceae — transferable colistin resistance.

1.4.4. Key emerging issues in relation to the food-borne/zoonotic transmission
of AMR

Key emerging issues in relation to the food-borne transmission of AMR that have been identified
include:

e transferable resistance to colistin mediated by mcr genes in livestock and humans;

o the emergence over the last decade of multidrug-resistant (MDR)/ciprofloxacin-resistant (Cip")
isolates of Salmonella Stanley, S. Infantis, S. Kentucky, S. Heidelberg (USA), S. Enteritidis (Far
East), S. Typhimurium (Africa) and the more recent emergence in the Netherlands of
extended-spectrum cephalosporin-resistant (ESC) S. Heidelberg, which can cause human
infections in food-producing animals and poultry meat;

e MDR monophasic Salmonella organisms which are now prevalent in pigs in most EU MSs
(ECDC and EFSA, 2016);

e the ongoing spread of livestock-associated MRSA (LA-MRSA) in certain high-risk groups of
people/workers in direct contact with live animals and the spread of MRSA in pigs and other
species (Catry et al., 2010);

e high to very high levels of resistance to fluoroquinolones and tetracyclines in isolates of
Campylobacter spp. from humans and from broilers in several EU MSs in 2014 (ECDC and
EFSA, 2016);

e increasing levels of resistance to 3rd- and 4th-generation ESBL-producing organisms in
community patients and livestock (EFSA BIOHAZ Panel, 2011).

This list is not comprehensive, and will undoubtedly change as new issues emerge. More details of
the above issues are presented in Appendix A.

1.5. EU level surveillance and monitoring programmes for AMR and
antimicrobial use

1.5.1. EU Member States — harmonised surveillance of AMR in food-producing
animals and food thereof

At the EU level, the monitoring and reporting of antimicrobial resistance in the main livestock
animal species (cattle, pigs, poultry) and derived food is regulated by Commission Implementing Decision
2013/652/EU.> This Decision aims at enlarging the scope of the monitoring and harmonising data
collection between MSs. It establishes a list of combinations of bacterial species, food-producing animal
populations and food products, as well as technical requirements regarding the sampling framework, the
panel of antimicrobials to be used for testing resistance, and indications on the laboratory analytical
methods and data reporting. According to this Decision, representative isolates of Salmonella spp.,
Campylobacter jejuni, indicator commensal E. coli and ESBL-, AmpC- or carbapenemase-producing
E. coli shall be collected by MSs, which can also voluntarily collect isolates of Campylobacter coli and
indicator commensal Enterococcus faecalis and Enterococcus faecium. Isolates should be collected from

3 Commission Implementing Decision of 12 November 2013 on the monitoring and reporting of antimicrobial resistance in
zoonotic and commensal bacteria (2013/652/EU). OJ L 303, 14.11.2013, p. 26-39.

www.efsa.europa.eu/efsajournal 17 EFSA Journal 2017;15(1):4666



o EUROPEAN MEDICINES AGENCY eJ EFSA S5l
SCIENCE MEDICINES HEALTH

EMA and EFSA Joint Scientific Opinion, RONAFA

caecal samples and carcasses, depending on the animal species, which include laying hens, broilers,
fattening turkeys, fattening pigs and bovines under 1 year of age.

Data from routine monitoring are collected by the EU MSs on a rotating basis and according to a
biannual schedule. They are reported to EFSA on a yearly basis, analysed and presented yearly in the
EU Summary Report on AMR in zoonotic and indicator bacteria from humans, animals and food (ECDC
and EFSA, 2016). ECDC contributes to this report by producing analysed data on resistance in
Salmonella and Campylobacter from humans.

The first report on AMR in zoonotic and indicator bacteria from humans, animals and food in 2009
was published in 2011 (ECDC and EFSA, 2011). Resistance was commonly found in isolates from
humans, animals and food, although disparities in resistance were frequently observed between MSs.
High resistance levels were recorded to ampicillin, tetracyclines and sulfonamides in Salmonella isolates
from humans, while resistance to 3rd-generation cephalosporins and fluoroquinolones remained low. In
Salmonella and indicator E. coli isolates from fowl, pigs, cattle and meat thereof, resistance to
ampicillin, tetracyclines and sulfonamides was commonly detected, while resistance to 3rd-generation
cephalosporins was low. Moderate to high resistance to ciprofloxacin was observed in Salmonella and
indicator E. coli isolates from fowl, broiler meat and pigs. In campylobacter isolates from both human
cases and from fowl, broiler meat, pigs and cattle ciprofloxacin, nalidixic acid and tetracyclines
resistance was high, while resistance to erythromycin was low.

In the latest report for 2014 (ECDC and EFSA, 2016), for non-human cases, 28 MSs and three non-
MSs reported data on AMR in tested Sa/monella spp. and Campylobacter spp., and commensal E. coli
isolates from various poultry populations and/or related meat derived thereof, sampled through
harmonised national schemes. Resistance was interpreted using EUCAST ECOFF values. Data on MRSA
and on specific monitoring of E. coli ESBL-/AmpC-/carbapenemase-producers were reported on a
voluntary basis.

In contrast to previous reports, the 2016 report only included figures from poultry and meat
thereof. With regard to Salmonella spp. and E. coli isolates from broilers, fattening turkeys and meat
thereof, resistance to ampicillin, (fluoro)quinolones, tetracyclines and sulfonamides was frequently
detected, whereas resistance to 3rd-generation cephalosporins was uncommon. The occurrence of
ESBL-/AmpC-producers, monitored for the first time among these bacteria, was low, and
carbapenemase-producers were not detected. A low level of resistance to colistin was observed in
Salmonella spp. and E. coli from poultry and meat thereof. A minority of Salmonella isolates from
animals belonging to a few serovars (notably Kentucky and Infantis) exhibited high-level resistance to
ciprofloxacin. Colistin-resistant Salmonella isolates were found by several MSs originating from broilers,
laying hens and fattening turkeys, but high-level colistin resistance (minimum inhibitory concentration
(MIC) > 16) was not reported.

With regard to isolates of Campylobacter spp. from broilers and broiler meat, a high resistance to
ciprofloxacin and tetracyclines was observed, whereas much lower levels were recorded for
erythromycin.

Generally, co-resistance to CIAs was uncommon in animal isolates, but high MDR levels (sometimes
very high or extremely high) were observed in some Salmonella serovars and in indicator and
commensal E. coli.

Monitoring of trends has been possible in the last years for those MSs reporting consistently for
several years. The implementation of Decision 2013/652/EU should enable trends, for the
combinations of bacteria/antimicrobials for which data are collected, to be monitored.

In addition to compulsory surveillance of AMR carried out under Decision 2013/652/EU, various MSs
within the EU have national surveillance programmes for monitoring AMR development in zoonotic and
indicator bacteria from animals, and animal pathogens. These are discussed in Section 3.3.2.

Although there is information available from the above-mentioned surveillance programmes on the
occurrence of AMR in bacterial species in raw meat, it should be noted that data are lacking on the
prevalence of AMR bacteria in ready-to-eat (RTE) foods, in particular those of animal origin such as
cheese and meat products. Consequently, no information is available on the consumer exposure to this
potential hazard.

Beyond the EU harmonised monitoring of AMR in food-producing animals and food thereof under
Decision 2013/652/EU, methodologies for sampling and testing for the presence of target and zoonotic
pathogens/indicator organisms and antimicrobial susceptibility are not standardised across all MSs. This
complicates intercountry comparisons.
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1.5.2. Use of antimicrobials based on sales data - ESVAC

As yet, there is no legal requirement at the EU level for the collection of data on the consumption
of antimicrobials in animals, although this is envisaged in the draft veterinary medicinal products
legislative proposal. Nevertheless, there are several publications of on-farm use in different MSs (Bos
et al., 2015; Postma etal., 2015a), and there has been considerable discussion on units of
measurement for on-farm use (Taverne et al., 2015). The ESVAC project collects and publishes data on
the overall sales of veterinary antimicrobial agents, voluntarily submitted to EMA from 29 European
countries. In October 2016, the sixth annual report of the series was published (EMA ESVAC, 2016).
Data are collected at package level, using a standardised protocol, from different sources, which
include marketing authorisation holders, wholesalers, feed mills, pharmacies and veterinarians.

The main indicator for reporting sales of antimicrobials is mg active ingredient sold per population
correction unit (mg/PCU). The PCU is a technical unit of measurement mostly based on official EU/EEA
data (Eurostat and TRACES) that is used to estimate sales corrected by the animal population (kg
biomass at time of treatment) in individual countries. As the sales data cover all food-producing
species, when interpreting the measure it should taken into account that there are differences in
species distributions and livestock systems between countries.

In the future, a goal of ESVAC is to provide a standardised measurement of consumption by
species that takes into account differences in dosing regimens. This will facilitate comparison of
consumption between countries. The technical units of measurement, Defined Daily Dose animal
(DDDvet) and Defined Course Doses (DCDvet), were published in April 2016 and are available from
the ESVAC web pages.

Figure 1 reports the total sales of veterinary antimicrobial agents for food-producing animals
related to years 2011-2014, as reported by EMA ESVAC (2016).

Key points from EMA ESVAC (2016), which reports sales from the year 2014, include the following:

e across the EU the estimated weight at treatment of livestock and of slaughter animals was (in
1,000 tonnes): pigs (19.6), cattle (18.9), poultry (8.1), sheep/goats (7.8), fish (2.3), horses
(2.2), rabbits (0.2);

e there was a large variation in the sales of antimicrobials across MSs, ranging from 3.1 to
418.8 mg/PCU. It is unlikely that this could be explained by differences in the composition of
the animal population, or formulations and treatment regimens used, alone;

e 91.6% of overall antimicrobials sales were for oral administrations, which can be assumed
largely for group treatment, with 42.1% of sales as premixes;

e 7.6% of sales were injectable preparations and 0.5% intramammaries. The most frequently
used antimicrobials were tetracyclines (33.4%), penicillins (25.5%) and sulfonamides (11.0%);

e of the CIAs, polymyxins (mostly colistin) account for 6.6% of sales, fluoroquinolones for 1.9%,
and 3rd- and 4th-generation cephalosporins for 0.2%. There were no formulations of 3rd- and
4th-generation cephalosporins that were applicable for group treatments. For polymyxins,
99.8% of sales were formulations for oral group treatments. For fluoroquinolones, 76.0% of
sales were of oral solutions, and 24.0% as injections (EMA ESVAC, 2016);

e prescribing patterns for the different antimicrobial classes varied substantially between
countries;

e for 24 countries reporting sales data to ESVAC for the years 2011-2014, an overall decrease of
12% in sales (mg/PCU) was observed. Spain changed its system for collecting sales data in
2014, if Spain is included in the calculations, the resulting decrease would be 2.4%.
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Correction of sales data and/or PCU data published in ESVAC 2013 report is described in section 1.6 (EMA ESVAC, 2015b).
Under-reported for Bulgaria for 2011 and 2012 as several wholesalers failed to report data. Strength reported as base for most
VMPs for 2011-2012 for the Czech Republic; for 2013 and 2014, strength reported as in the label of the VMPs. Strength reported
as base for some VMPs for 2011-2012 for the Netherlands; for 2013 and 2014, strength reported as in the label of the VMPs.
For Slovakia, for 2011 and 2012, the data only represents antimicrobial VMPs imported by wholesalers; for 2013 and 2014, data
represents all sales from wholesalers to end users (veterinarians, pharmacies, producers of medicated feeding stuffs and farmers,
obtained by import and from national manufacturers). For Spain, under-reporting for the years 2011-2013 has been identified
(underestimated). For the UK, high sales of certain tetracycline-containing products late in 2010 were probably used in 2011 and
thus the use has been underestimated for 2011.

Figure 1: Total sales of veterinary antimicrobials agents for food-producing species, in mg/PCU, from
2011 to 2014, for 29 European countries (EMA ESVAC, 2016)

1.5.3. Joint Interagency Antimicrobial Consumption and Resistance Analysis
(JIACRA) Report

In January 2014, the first joint report from ECDC, EFSA and EMA on the integrated analysis of the
consumption of antimicrobial agents and occurrence of antimicrobial resistance in bacteria from
humans and food-producing animals from 2011-2012 (the JIACRA report) was published (ECDC, EFSA
and EMA, 2015).

The report utilised data from 2011 and 2012, from five different surveillance networks, collecting
information about AMR in humans and food-producing animals and food thereof from the EU MSs,
Iceland, Norway, Croatia and Switzerland. The organisms studied were Salmonella spp., Campylobacter
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spp. and indicator E. coli. Depending on the organism, the antimicrobials surveilled were tetracyclines,
cefotaxime (representative of 3rd-generation cephalosporins), ciprofloxacin (fluoroquinolones), and
erythromycin (macrolides). Information on antimicrobial sales and use came from relevant ESVAC
reports.

The main findings were that consumption in food-producing animals was lower or much lower than
in humans in 15 of 26 countries, in three countries they were similar, and in eight countries
consumption in food-producing animals was higher or much higher than in humans. Overall, a positive
association was observed between antimicrobial consumption in food-producing animals and occurrence
of resistance in bacteria from such animals. The strongest associations between consumption and
resistance in food-producing animals were detected for the antimicrobials studied in relation to indicator
E. coli. Positive associations were similarly noted for Salmonella spp. and Campylobacter spp.

A positive association was observed between the total consumption of 3rd- and 4th-generation
cephalosporins in humans and the occurrence of resistance to 3rd-generation cephalosporins. A
positive association was similarly observed between the total consumption of fluoroquinolones in
humans and the occurrence of fluoroquinolone resistance in E. coli from humans. No association was
found between the consumption of fluoroquinolones in humans and the occurrence of fluoroquinolone
resistance in Salmonella spp., S. Enteritidis and S. Typhimurium from cases of human infection.

For both cephalosporins and fluoroquinolones, positive associations were found between occurrence
of resistance in indicator E. coli originating from food-producing animals and the occurrence of
resistance in E. coli from humans.

No associations were observed between the consumption of 3rd- and 4th-generation
cephalosporins in food-producing animals and the occurrence of resistance to this subclass in selected
bacteria from humans. No associations were observed between the consumption of fluoroquinolones in
food-producing animals and the occurrence of resistance in Salmonella spp. and Campylobacter spp.
from cases of human infection. Positive associations were also noted for consumption of macrolides in
food-producing animals and the occurrence of resistance in Campylobacter spp. from cases of human
infection, and for consumption of tetracyclines and the occurrence of resistance in Salmonella spp. and
Campylobacter spp.

In the reported analyses, associations between the consumption of selected combinations of
antimicrobials and the occurrence of resistance in bacteria were mostly, but not always, observed. In
particular, it was noted that the epidemiology of resistance is complex, and several factors aside from
antimicrobial consumption influence occurrence of resistance.

The RONAFA WG has noted that an updated JIACRA report is underway, with a publication target
of mid-2017.

1.6. Overview of measures in place at the EU and international level

1.6.1. Withdrawal of antimicrobial growth promoters
1.6.1.1. Introduction

Gut bacteria rapidly respond to antimicrobials such as antimicrobial growth promoters (AGPs) by
activating systems to avoid the antimicrobial effects of the drugs, while presumptively attenuating their
overall energetic metabolic status and the capacity to transport and metabolise bile acid, cholesteral,
hormones and vitamins. Antimicrobials targeting specific pathogenic infections may alter gut microbial
ecology and interactions with host metabolism more profoundly than previously assumed (Elena Perez-
Cobas et al., 2013).

Following widespread concern about the effects that the use of AGPs might have on the
development and spread of resistance in livestock, the use of such compounds in food-producing
animals have been progressively banned in EU MSs. Following recommendations from a UK
government committee which reported in 1969 (Swann et al., 1969), certain antimicrobials such as
penicillin and tetracyclines were withdrawn from the list of approved AGPs in the UK and the EU in the
seventies. Examples of compounds that were still in use after this restriction were mainly those with an
anaerobic and Gram-positive spectrum, among others macrolides (spiramycin, zinc bacitracin, tylosin),
streptrogramins (virginamycin, conferring cross-resistance to quinipristin/dalfopristin), glycopeptides
(avoparcin, conferring cross-resistance to vancomycin), flavomycin (flavophospholipol) and
everninomycin (avilamycin). Carbadox and olaquindox, which are active against swine enteritis were
also authorised for growth promotion (Casewell et al., 2003).
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Enterococci resistant to the antimicrobial class of glycopeptides (avoparcin and vancomycin) (GRE)
were retrieved with increasing frequency from patients in Scandinavian countries during the late
eighties. Soon afterwards, vancomycin-resistant enterococci (VRE) were found in farmed animals
(Bates et al., 1993), and were recovered from food and faeces from poultry, which received the
livestock analogue glycopeptide, avoparcin, as an AGP (Bates et al., 1993; Klare et al., 1995). Since
then, several studies have been performed to establish the relationship between use of avoparcin as
growth promoters in animals and VRE epidemiology (Hammerum et al., 2010). The gene responsible
was the vanA gene. Several studies show the decline of GRE prevalence after the ban, but recent
studies in Scandinavian countries that had banned the use of avoparcin showed that GRE are
maintained in the microbiota of animals. The underlying reason was co-selection by the linking of vanA
gene with the ermB gene. The ermB gene causes resistance in Gram-positive bacteria for macrolides,
lincosamides and streptogramins (B), and this linking was responsible for the persistence of GRE
through the use of macrolides (erythromycin, tylosin) as AGPs. In 1986, Sweden became the first EU
MS to categorically ban the use of AGPs in livestock (Wierup, 2001). Avoparcin was banned in
Denmark and Norway in 1995, in Germany in 1996 and in the rest of the EU in 1997. Supported by
the report of an expert committee in 1998, ‘the Copenhagen recommendations, the EU followed from
1999 onwards the action which was already in place in certain Scandinavian countries to gradually
(but eventually completely) restrict all use of AGPs by 1 January 2006. In this respect, the first EU
legislation banning the use of AGPs was introduced in 2003 (Regulation (EC) No 1831/2003%), and
legislation banning the final four remaining AGPs (sodium monensin, sodium salinomycin, avilamycin
and flavophospholipol) was completed in 2006.

1.6.1.2. Impacts of withdrawal on animal health

A major problem in assessing the impact of the withdrawal of AGPs has been the lack of knowledge
with regard to the exact mechanism of AGPs. Assessments of the influence of AGPs have been
performed, but case-control studies are limited and biased since previous exposure during consecutive
production rounds will have altered the herd related immunity, the microbial flora including AMR genes
in the different production types (Heuer et al.,, 2002b). In addition, management interventions,
including measures such as downtime for buildings and vaccination strategies will alter the infection
status of the herds. Furthermore, some AGPs such as tylosin had some systemic antimicrobial effects
and the distinction between growth promotion and prophylaxis/prevention has not always been clear
(Dibner and Richards, 2005).

1.6.1.3. Positive impacts

Several positive results have been documented in various EU countries following the reduction in
use of specific AGPs prior to the EU ban on the use of these substances in 2006. For example, from
1996 to 2008, there were major reductions in vancomycin-resistant E. faecium from broilers and pigs
in Denmark following decreased use of avoparcin (DANMAP, 2007). The reduction in use of avoparcin
was therefore considered not only to dramatically reduce the food-producing animal reservoir of
enterococci-resistant AGPs, but also to reduce the reservoir of genes that encode resistance to several
clinically important antimicrobial agents in humans. One publication (Heuer et al., 2002a) presented
evidence that VRE may still persist in the animal environment in the absence of the selective pressure
exerted by avoparcin. The publication did not question that a quantitative reduction took place, but
indicated that, qualitatively, VRE could still be isolated after the discontinuation of avoparcin use when
a more sensitive isolation procedure was used and suggests that such reductions might reflect
differences in isolation procedures.

Macrolide resistance, specifically to tylosin, which is used for therapy as well as having been used
as an AGP, and also resistance to avilomycin, were reduced in E. faecium among broilers (WHO, 2003).
This resulted in a concomitant overall reduction in resistance to other AGPs in farm animals and
resistance to these substances in bacteria isolated from humans in various countries. In Sweden, a ban
on AGPs in the 1980s resulted in an apparently transient increase in post-weaning diarrhoea in piglets.
To avoid post-weaning diarrhoea in piglets and necrotic enteritis in poultry, dietary levels of protein
were reduced and dietary fibre increased, resulting in improved animal health.> An overall reduction in

* Regulation (EC) No 1831/2003 of the European Parliament and of the Council of 22 September 2003 on additives for use in
animal nutrition. OJ L 268, 18.10.2003, p. 29-43.

5 Report from the Commission on Antimicrobial Feed Additives, Stockholm, 1997. Available at: http://www.government.se/
legal-documents/1997/01/sou-1997132/
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resistance to antimicrobial substances previously used as AGPs in farm animals and in humans has
been reported in some Scandinavian countries — e.g. Denmark and Sweden (Grave et al., 2006;
DANMAP, 2009a,b; SVA, 2009, 2010, 2011; DANMAP, 2011).

1.6.1.4. Negative impacts

Despite initial promising observations showing a decrease after the cessation of AGPs in confined
studies (Boerlin et al., 2001), larger data sets after the ban were not initially indicative of a decrease in
multiresistance in the livestock species of concern in the Netherlands (MARAN, 2012), although some
reductions have been more recently reported (MARAN, 2015) in relation with change in the use of
antimicrobials as veterinary drugs.

Casewell et al. (2003) considered that, following the ban of all food-producing animal growth-
promoting antimicrobials by Sweden in 1986 and the EU ban on avoparcin in 1997 and bacitracin,
spiramycin, tylosin and virginiamycin in 1999, the only attributable effect in humans some 3 years later
was a diminution in acquired resistance in enterococci from human faecal carriers (Casewell et al., 2003).
They noted that there had been an increase in human infection from VRE in Europe, which they
concluded was probably related to the increase in use of vancomycin for the treatment of meticillin-
resistant staphylococci in humans. They concluded that the ban of AGPs revealed that these agents had
important preventive activity and their withdrawal was associated with a deterioration in animal health,
including increased diarrhoea, weight loss and mortality due to E. coli and Lawsonia intracellularis in
early post-weaning pigs, and clostridial necrotic enteritis in broilers. The conclusions reached by Casewell
et al. (2003) have been criticised by several authors (Jensen et al., 2004b).

1.6.1.5. Further considerations

Following the withdrawal of AGPs for use in cattle, broilers and finisher pigs in Denmark in February
1998 and in weaner pigs in 1999, there was a substantive increase in the use of certain therapeutic
antimicrobials in these animals, particularly tetracyclines in pigs, in the following 2 years. The
occurrence of resistance to tetracyclines consequently increased (Geenen et al., 2011). Only in recent
years has there been a visible decline in the therapeutic use of such antimicrobials and as yet the
resultant impact on resistance levels has not been fully evaluated. The use of tetracyclines in Europe
has been considered an important factor in the dissemination of LA-MRSA ST398 in herds it is already
present (Catry and Threlfall, 2009; Catry et al., 2010).

1.6.2. The European Commission’s action plan to tackle AMR

The European Commission has developed its own 5-year Action Plan to tackle AMR, which was
published in 2011.°
This includes seven identified areas where measures are regarded as most needed:

making sure antimicrobials are used appropriately;

preventing microbial infections and their spread;

developing new effective antimicrobials or alternatives for treatment;
cooperating with international partners to contain the risks of AMR;
improving monitoring and surveillance;

promoting research and innovation;

improving communication, education and training.

In line with the first bullet above and in accordance with Action 3 of that plan, in September 2015,
the European Commission published the PUAVM Guidelines.

1.6.3. EC'’s Prudent Use Guidelines

The EC PUAVM Guidelines provide practical guidance to all parties possibly involved in the
development and implementation of prudent use strategies, including the MS authorities, veterinarians,
farmers, industry, stakeholder associations and academia, and highlights how such strategies can
contribute to containing the development of AMR. They provide a compendium of examples of
initiatives taken by different actors in EU MSs to promote prudent use of antimicrobials in veterinary
medicine.

6 Available at: http://ec.europa.eu/dgs/health_food-safety/docs/communication_amr_2011_748_en.pdf
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The first part of the EC PUAVM Guidelines offers advice on general principles on responsible use of
antimicrobials, on the considerations to make before using antimicrobials, including the choice of the
classes of antimicrobials to use. They particularly focus on those measures aimed at the reduction of
the use of antimicrobials. These measures are reviewed and discussed in Section 3 of this Opinion.

The second part of the EC PUAVM Guidelines is focused on measures aimed at preventing clinical
and subclinical conditions that require treatment of animals with antimicrobials, and which therefore
reduce the need to use antimicrobials. These measures are reviewed and discussed in Section 4 of this
Opinion.

As mentioned above, the initial sections of the EC PUAVM Guidelines discuss issues to be
considered before using antimicrobials in veterinary medicine, the use of which should be limited to
‘situations where they are necessary’. The EC PUAVM Guidelines highlight the importance of justifying
treatments by veterinary diagnosis, the conditions for the application of metaphylactic treatments, the
importance of avoiding preventive treatments, and the principles for the selection of the appropriate
classes of antimicrobials to use and for the off-label use. Special attention is given to considerations
that should accompany the use of antimicrobials recognised as CIAs for human medicine. These
general principles and associated measures are reviewed in Sections 3.2 and 3.3 of this Opinion.

A section of the EC PUAVM Guidelines is dedicated to the oral administration of antimicrobials to
groups of animals through feed and drinking water, indicating that whenever possible individual
treatment should be preferred to group or mass treatment, and providing general principles for group
oral administration. Rules for production and administration or antimicrobials via the oral route and
connected measures are reviewed in Section 3.2.3 of this Opinion.

The EC PUAVM Guidelines then review the roles and the responsibilities of all the different parties
possibly contributing to the design and implementation of prudent use strategies, including prescribers
of the antimicrobials, administrators of the treatments, pharmaceutical industry, pharmacists, retailers
and wholesalers, feed business operators, food business operators, veterinary faculties and agricultural
schools, veterinary professional associations, industry stakeholder associations, farmers’ associations,
competent authorities and laboratories. A set of principles to be followed by the different actors above
are proposed, highlighting that the primary responsibility for the prudent use lies with the prescriber
and the administrator of antimicrobials. Subsequently, the EC PUAVM Guidelines discuss the
importance of awareness campaigns, which ensure that all parties involved, including the veterinary
sectors, stakeholders owners and consumers, are well informed. Section 3.3 of this Opinion reviews
the measures taken at national level, and connected to the different parties involved, to reduce the
use of antimicrobials, including national action plans, monitoring and surveillance, targets for the
reduction of use and benchmarking of farms, measures aimed at encouraging the responsible use of
antimicrobials, at preventing conflicts of interest of prescribers and at regulating the advertising of
antimicrobials and the role of education. Section 3.4 reviews the role that the food industry, and in
particular producers and retailers, can take in driving a reduction and a more prudent use of
antimicrobials in food-producing animals, and the role of consumers’ organisations.

The second part of the EC PUAVM Guidelines, focuses on the measures aimed at reducing the need
to use antimicrobials in veterinary medicine, reviews measures such as the implementation of hygiene
and biosecurity measures and of protocols for the prevention of infectious diseases, optimal husbandry
systems, integrated production systems, the introduction of herd health plans, the use of vaccination
and alternatives to antimicrobials, and of high-quality feed and water. Species-specific
recommendations are presented, including, among food-producing animals, pigs, poultry, ruminants,
aquaculture and rabbits. Section 4 of this Opinion reviews and discusses the measures that can be
used to reduce the need to use antimicrobials in food-producing animals.

The EC PUAVM Guidelines stress the role of monitoring and surveillance on the use of antimicrobials
and on AMR in zoonotic and indicator bacteria taken from food-producing animals.

Finally, the EC PUAVM Guidelines support the development and implementation of holistic national
strategies covering all aspect of AMR, including public health, animal health, environment, research,
etc., and provide general principles for designing such strategies and examples of measures that could
be part of them.

1.6.4. International control strategies
1.6.4.1. WHO/FAO/OIE

Building upon the World Health Assembly Resolution of 1998, which urged MSs to take action
against antimicrobial resistance, the WHO, in 2001, published its global strategy for the containment of
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antimicrobial resistance.” Since this time, the Food and Agriculture Organization (FAO), the World
Organisation for Animal Health (OIE) and WHO have worked closely on multiple initiatives in relation to
tackling the problem of AMR.

The OIE Terrestrial and Aquatic Animal Health Codes provide a broad framework to address AMR
that is applicable worldwide. Standards are laid out for harmonisation of national AMR surveillance
programmes and monitoring of antimicrobial use in food-producing animals. The codes address the
implementation of regulatory frameworks and responsibilities of the pharmaceutical industry, animal
feed manufacturers and veterinary professionals in relation to stewardship. Further, they provide
guidance on risk analysis for AMR arising from the use of antimicrobial in animals.

In 2003, the OIE published a series of five guidelines to reduce the occurrence of AMR in
food-producing animals on a world-wide scale. Recommendations included standardisation and
harmonisation of laboratory methodologies for the detection and quantification of resistance (White
et al., 2001); monitoring the quantities of antimicrobials used in animal husbandry (Nicholls et al.,,
2001); risk analysis methodology for the potential impact on public health of AMR bacteria of animal
origin (Vose et al., 2001); guidelines for the responsible and prudent use of antimicrobial agents in
veterinary medicine (Anthony et al., 2001); and harmonisation of national AMR monitoring and
surveillance programmes in animals and animal-derived food (Franklin et al., 2001).

Codex Alimentarius is established by the FAO and WHO to develop standards on food safety for the
purpose of the facilitation of trade. In regards to AMR, the Codex Alimentarius Commission (CAC) has
produced a Code of Practice to minimise and contain AMR (CAC/RCP 61-2005) and Guidelines for risk
analysis of food-borne AMR (CAC/GL 77-2011). More recently, the Codex Secretariat, in
collaboration with FAO and WHO, has invited the CAC to consider the following recommendations:
(i) start new work on: a revision of the Code of Practice to minimise and contain AMR; (ii) establish a
dedicated task force on AMR and identify appropriate host country(ies); (iii) request FAO/WHO to
provide scientific advice on AMR, in collaboration with OIE; and (iv) request FAO and WHO to
develop a capacity development programme to respond to identified needs in respect of AMR
(Codex Alimentarius, 2016).

The WHO, in 2005, published its first list of CIAs for human medicine; this list had its third revision
in 2011. The OIE’s list of antimicrobial agents of veterinary importance was adopted in 2007. These
two lists can be seen as complementary and provide a categorisation of antimicrobials that can be
used to guide risk management decisions when balancing animal health needs and the potential risk to
public health.

In 2010, recognising the need for a ‘One Health” approach to health risks, the FAO, OIE and WHO
established a tripartite agreement with AMR as one of its priority issues. On World Health Day in 2011,
the WHO published a series of policy briefs, one of which specifically addressed the need to reduce the
use of antimicrobials in food-producing animals.® Core actions included:

provide national leadership and promote intersectoral collaboration;

create and enforce an enabling regulatory framework;

strengthen surveillance and monitoring;

promote education and training on antimicrobial use in food-producing animals; and
reduce the need or antimicrobials through better animal husbandry.

These key requirements have been taken forward in regional action plans aimed at tackling AMR.

In 2011, the WHO regional office for Europe published a booklet entitled ‘Tackling antibiotic
resistance from a food safety perspective in Europe’ (WHO, 2011). The booklet sets out seven key
themes to combat AMR under the headings ‘overall coordination’, ‘regulation’, ‘reduced need for and
prudent use of antibiotics in animal husbandry’, ‘surveillance’, ‘advocacy and communication’, ‘training
and capacity building’, and ‘knowledge gaps and research needs’.

In May 2015, the World Health Assembly endorsed a global action plan on AMR, subsequently
adopted by FAO and OIE, which was developed from the many existing initiatives already enacted by
governments and other organisations around the world (FAO, 2015; OIE, 2015, 2016). Its activities are
grouped into five strategic objectives:

e to improve awareness and understanding of AMR;
e to strengthen the knowledge through surveillance and research;

7 Available at: http://www.who.int/drugresistance/WHO_Global_Strategy_English.pdf
8 Available at: http://www.who.int/world-health-day/2011/presskit/WHDIntrototobriefs.pdf?ua=1
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e to reduce the incidence of infection;
e to optimise the use of antimicrobial agents; and
¢ to ensure sustainable investment in countering AMR.

The OIE has taken forward the objectives of the Global Action Plan in its own Strategy on AMR and
the prudent use of antimicrobials, in November 2016.°

The ‘One Health” approach taken by the WHO's Global action plan was supported when, in September
2016, United Nations General Assembly adopted a political declaration aimed at combating AMR.°

In November 2016, the FAO has produced a booklet entitled ‘Drivers, Dynamics and Epidemiology
of Antimicrobial Resistance in Animal production’, which contains several recommendations targeted at
reducing AMR in animal production on a global scale (FAO, 2016).

1.6.4.2. Examples of regional activities outside the EU

The Strategic Action Plan to control AMR in the Asia-Pacific region (Asia-Pacific Economic
Cooperation, APEC), 2011, provides a framework for the APEC economies, indicating that this should
be implemented according to the local situation.'! For example, in those countries where AGPs are still
used it is recommended that this should be regulated, with the best option being a ban. National
systems for surveillance of AMR and use in food-producing animals are promoted, particularly
monitoring of use of quinolones and colistin. It is acknowledged that in many Asian countries
antimicrobials are available without medical prescription and increased awareness of the problem of
AMR through campaigns for the general public and healthcare professionals are promoted.

The Global Health Security Agenda is a collaboration led by the USA government working with other
nations and international organisations to address global health challenges. In 2014, the Global Health
Security Agenda (GHSA) AMR Action Package'? was launched with the aim of supporting the work of the
WHO, OIE and FAO to coordinate development of the Global Action Plan. Since 2009 the USA and EU,
more recently joined by Canada and Norway, have also cooperated through the Transatlantic Taskforce
on Antimicrobial Resistance (TATFAR), with one of the goals being to enhance information sharing on
appropriate therapeutic use of antimicrobials between veterinarians on an international scale.

Some examples of measures taken in the USA and Canada in regards to CIAs are given in
Section 3.3.4.6 of the Opinion.

1.7. Circumstances and diseases of food animal production where
antimicrobials are most intensively used

1.7.1. Introduction

The production circumstances and the potential diseases of food animal production where
antimicrobials are most intensively used were defined by qualitative information provided by
stakeholders (Federation of Veterinarians of Europe, FVE) through a questionnaire (see Section 2.1.3
and Annex A), and then confirmed through peer review papers and data collected in certain countries
such as Denmark (DANMAP reports 2006-2015) and France (ANSES, 2015a) (see also Appendix B).
Also, a report of the OIE that prioritised diseases for which vaccines could reduce antimicrobial use in
animals was used (OIE, 2015).

For each species, this chapter provides, when appropriate, a summary of information related to (i)
the main pathogens for which antimicrobials are used, (ii) examples of circumstances that lead to
disease emergence and antimicrobial use and (iii) examples of AMR bacteria deriving from such use. It
should be noted that the use of antimicrobials in food-producing animals differs between MSs. This
section refers to circumstances and production systems where antimicrobials are most intensively
used, which may not reflect the use in all situations and MSs.

There are three main strategies for the use of antimicrobials for animals (Hughes et al., 2008).
Antimicrobials may be administered to clinically diseased animals (therapeutic use), to healthy animals
in the same group as diseased animals (metaphylaxis), or to healthy animals when the probability of
becoming sick is considered high (prevention).

° Available at: http://www.oie.int/fileadmin/Home/eng/Media_Center/docs/pdf/Portai AMR/EN_OIE-AMRstrategy. pdf

10 Available at: http://www.un.org/pga/71/wp-content/uploads/sites/40/2016/09/DGACM_GAEAD_ESCAB-AMR-Draft-Political-Dec
laration-1616108E.pdf

11 Available at: http://publications.apec.org/publication-detail.php?pub_id=1577

12 pAvailable at: http://www.cdc.gov/globalhealth/security/actionpackages/antimicrobial_resistance.htm
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Apart from primary bacterial infections, it is important to stress that antimicrobials can in practice
also be used to treat bacterial infections that are secondary infections following a primary viral
infection. This is the reason why examples are reported below of viral diseases for which large
amounts of antimicrobials are used. In some instances, antimicrobials may be inappropriately used for
conditions of non-bacterial aetiology.

1.7.2. Circumstances of use of antimicrobials in the different species
1.7.2.1. Poultry

As stated in the EC PUAVM Guidelines, routine group medication in poultry often occurs
immediately before or after transport of day-old chicks or possibly to address perceived potential
losses of productivity.

Main pathogens/disorders for which antimicrobials are mostly used

According to the information received by the FVE, the circumstances and periods where
antimicrobials are mostly used in poultry include:

e broilers:

— gastrointestinal disorders (such as coccidiosis, necrotic enteritis, dysbacteriosis);

— respiratory diseases (including infections that are often followed by secondary infection
with E. coli, such as infectious bronchitis, Newcastle disease, infectious laryingotracheitis);

— locomotion-related diseases (bacterial arthritis - due to e.g. E. coli, Staphylococcus aureus
or Enterococcus spp., and secondary bacterial infections connected with tenosynovitis,
necrosis of the femur head);

— septicaemia, omphalitis;

¢ laying hens (much less use, in part due to the effects of withdrawal periods on eggs):

— gastrointestinal disorders (such as enteritis caused by E. coli avian intestinal
spirochaetosis);

— respiratory and locomotion-related diseases (caused by E. coli and Mycoplasma);

— secondary bacterial infections connected, for example, with red mite infestation;

— taeniosis (in free range production systems);

e turkeys:

— respiratory diseases (caused by Ornithobacterium infection);
— gastrointestinal disorders (caused by coccidiosis).

A report from France reflected this overview and confirmed that in France the pathogenic agents
that particularly contribute to antimicrobial use in poultry are E. coli and Mycoplasma spp. for systemic
and respiratory diseases and Clostridium perfringens for digestive diseases (ANSES, 2015a).

Hughes et al. (2008) provide an example of the use of antimicrobials in broiler chicken farms in the
UK. On 714 broiler chicken farms in 2002-2003, 42.4% of the farms used antimicrobials
therapeutically, 54% for prophylaxis/prevention and 24% for both reasons. Therapeutic use of
antimicrobials was mostly related to respiratory and digestive diseases and coccidiosis.

Examples of circumstances that lead to disease emergence and antimicrobial use

Necrotic enteritis has been emerging in broiler chickens since the ban, in 2006, of AGPs (see
above). Other factors are linked to antimicrobial use, such as wet litter (that can be a consequence of
digestive disorders due, for example, to coccidiosis), the use of a live vaccine against infectious bursal
disease (involving immunosuppression) and addition of finely ground wheat to feed (which may
predispose to necrotic enteritis outbreaks (Annett et al., 2002), whereas whole or coarsely ground
wheat or maize can be protective (M'Sadeq et al., 2015). Regarding preventive use of antimicrobials,
the number of different hatcheries supplying the farm with chicks and the average slaughter weight of
the flock (the longer time spent in the farm the higher the risk of contamination is perceived) are risk
factors for antimicrobial use.
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1.7.2.2. Pigs
Main pathogens/disorders for which antimicrobials are mostly used

According to the FVE report (see Annex A) and the EC PUAVM guidelines, the disorders for which
antimicrobials are mostly used in pigs are listed below. Antimicrobials are administered orally via
drinking water, in medicated feed or by injection:

e suckling piglets: locomotory infections (arthritis), neurological disorders and diarrhoea (caused
by E. coli);

e weaners: diarrhoea, and respiratory diseases often associated with transport and stress when
bringing together pigs originating from different farms or housing animals in holdings with
inappropriate ventilation systems, and/or improper feeding strategies and insufficient
biosecurity measures;

e fatteners: respiratory (e.g. Porcine Respiratory Disease Complex) and digestive disorders
(e.g. proliferative enteropathy by L. intracellularis, swine dysentery, ileitis, Salmonella spp.);

e sows: urogenital disorders (e.g. leptospirosis), post-partum dysgalactia syndrome,
Actinobacillus pleuropneumoniae in gilts.

In Denmark, as reported in the Vetstat database (Dupont et al., 2016), the use of antimicrobials in
intensive swine production is higher for weaner pigs compared to sows, piglets and finishers. Such use
is mostly related to gastrointestinal disorders; for example, 58% of the standardised animal daily doses
in Danish pig production in 2014 were for gastrointestinal diagnoses. Secondly, antimicrobials are used
for respiratory problems. Such use was also observed in Spain (Moreno, 2014b). A different picture
was observed in Sweden, with the highest consumption recorded for suckling piglets (Sjolund et al.,
2015), and in Germany, with the treatment of respiratory diseases and then intestinal diseases in
piglets and weaner pigs (van Rennings et al., 2015). Use of antimicrobials to prevent post-weaning
diarrhoea and respiratory infections has been reported in Belgium and Spain (Callens et al., 2012;
Moreno, 2014a).

Swine dysentery is a mucohaemorrhagic colitis of pigs caused by Brachyspira hyodysenteriae, which
may be present in apparently healthy herds (Hampson et al., 2016). The disease can be controlled by
treatment with antimicrobial agents, with the pleuromutilins tiamulin and valnemulin being widely
used. In recent years, the occurrence of B. hyodysenteriae with reduced susceptibility or full clinical
resistance to these drugs has been increasing and clonal dissemination of some drug-resistant strains
has occurred (Rugna et al., 2015).

The overview in France is similar, as confirmed by ANSES (2015a).

Examples of circumstances that lead to disease emergence and antimicrobial use

Husbandry factors such as ineffective pen cleaning and disinfection and poor biosecurity measures
are important contributors to dissemination of undesirable microorganisms on pig farms. Although wet
feed increases the risk of pig infection by Listeria monocytogenes, it is a protective factor for
Salmonella spp. Mixing batches of pigs presents a risk for the transmission of Salmonella spp. and
Yersinia enterocolitica. However, small herds are more likely to be infected by Campylobacter spp. and
Y. enterocolitica, Salmonella prevalence is increased in large herds if there is frequent mixing of
batches but reduced by all-in/all-out batch rearing systems. Antimicrobial treatment during the
finishing period increases the risk of transmission of Salmonella spp. (Fosse et al., 2009) as well as
general AMR development (Holman and Chénier, 2015).

1.7.2.3. Ruminants
Main pathogens for which antimicrobials are mostly used

As mentioned in the EC PUAVM Guidelines, mass or group medication is rare in cattle, although
veal calves commonly are subjected to group treatments with antimicrobials (Pardon et al.,, 2012a),
and blanket intramammary treatment given to cows at drying off is important.

Based on the information from the FVE, the main specific disorders of cattle leading to antimicrobial
use are the following:
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e dairy cattle:

— mastitis (especially the dry cow treatment);
— lameness/foot disease;

— uterine problems (e.g. metritis);

—  surgery;

e calves and veal:

— respiratory diseases;
— diarrhoea;

e beef:

— respiratory diseases (mainly at the beginning of the fattening period);
— locomotory diseases (lameness, arthritis);
— neonatal diarrhoea.

The overview reported above is confirmed by an ANSES study in France and by an epidemiological
study conducted in France (Gay et al., 2012; ANSES, 2015a), where it was reported that the main
reasons for antimicrobial use in adult ruminants concerned udder infections and, secondly, obstetric
disorders. Danish and Swedish data have confirmed that mastitis is the primary reason for parenteral
antimicrobial treatment (DANMAP, 2015; Public Health Agency of Sweden and SVA, 2015). For young
animals, the primary reasons were respiratory diseases and secondary digestive disorders. In Belgium,
the main indication for drug use in white veal calves was respiratory disease, and oral group
treatments were used predominantly (96%) (Pardon et al., 2012a).

In veal calves, dysbacteriosis and other gastrointestinal conditions are by far the most important
indication for antimicrobial therapy. Here, E. coli and Clostridium perfringens often are the bacteria
that overgrow within the digestive tract (Pardon et al., 2012a).

Information received from FVE summarised the main specific disorders of sheep and goat as:

e lambs in their first month of life:

— enteritis/enterotoxaemia (‘watery mouth’);
—  Mannheimia spp. infections in case of motherless rearing;
— Arthritis, especially in intensive goat farming);

e growing fattening lambs:

— respiratory diseases (e.g. Mannheimia spp. infections, especially during the end of
housing period and first time on pasture);

— lameness due to arthritis, including problems resulting of tick pyaemia or footrot;

— infectious conjunctivitis;

e ewes/does and adults:

— bacterial abortion, e.g. Chlamyidia spp., Campylobacter spp., Listeria spp.,
Coxiella burnetii;

—  post-partum disorders of the genital system;

— diarrhoea due to clostridial infections;

—  bacterial mastitis and contagious agalactia;

— lameness (e.g. footroot, scald, contagious ovine digital dermatitis);

— tick-borne fever;

— listeriosis.

Examples of circumstances that lead to disease emergence and consequent antimicrobial use

The production of white veal requires a specific diet and housing conditions resulting in a controlled
iron anaemic state and pale carcasses. In response to public concern about animal welfare, legal limits
for haemoglobin, the provision of a minimum quality of solid feed to assure rumen development and
group housing from the age of 8 weeks have been implemented; nevertheless, intensive antimicrobial
use in veal calves remains a major issue (Pardon et al., 2014; Lava et al., 2016b). In beef cattle,
sharing water between pens and mixing animals of different ages, especially in the same pen, increase
the risk of respiratory disease (Hay et al., 2016).
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Small ruminant management systems vary throughout Europe from intensive to extensive, with milk,
meat and wool production types. Overall, the use of antimicrobials seems to be similar in both sheep
and goats kept under the same conditions. Preventive or metaphylactic use of antibimicrobials,
particularly by the oral route, is uncommon in sheep that are reared extensively, although there may be
whole flock treatments with long-acting tetracycline injections following bacterial abortion storms or oral
treatment of newborn lambs to prevent watery mouth. This low level of use is reflected in lower levels
of AMR in bacteria from sheep than in those from other food-producing animals (Dargatz et al., 2015).

1.7.2.4. Horses
Information provided by the FVE highlighted the following uses of antimicrobials:

e use within racing yards with young horses at risk of disease or respiratory infections limiting
grade performance;

e respiratory diseases in stable and studs with large number of horses or horses frequently

travelling to competitions stabled with a variety of horses;

wounds;

intrauterine treatment of broodmares treated for hypofertility;

some specific infections, such as from Rhodococcus equi;

perioperative antimicrobials.

Treatment options for horses are influenced by the category of production, since horses can be kept
as food-producing, companion or sport animals. For instance, horses kept as companion and declared
as not for food production, can be treated with a much wider range of veterinary medicines as residues
of antimicrobials in food would not be a concern. Scicluna et al. (2013) found that respiratory diseases,
skin diseases and reproductive disorders were the predominant indications for use.

1.7.2.5. Rabbits
Main pathogens for which antimicrobials are mostly used

Little quantitative data exist on the use of antimicrobials in rabbit production (Rosell and de la
Fuente, 2016). The FVE answers to the questionnaire on the use of antimicrobials highlighted the
following critical phases of rabbit production requiring most of the antimicrobial use:

e breeding females: respiratory and genital infections due to Pasteurella multocida, metritis and
mastitis due to staphylococcal bacteria and others;

e small kits before weaning: enterotoxemia due to Clostridium spiriforme, colibacillosis, neonatal
enteritis and staphylococcal infections;

e fattening phase: major cause of death in young rabbits immediately after weaning is due to
intestinal disorders such as Enzootic Rabbit Enterocolitis, Colibacillosis, proliferative enteropathy
caused by Lawsonia intracellularis bacteria, coccidiosis caused by Eimeria spp.

Examples of circumstances that lead to diseases emergence and antimicrobial use in rabbits

A number of factors lead to a high use of antimicrobials in rabbit production (see FVE report,
Annex A), including a lack of biosecurity (e.g. absence of the implementation of all-in-all-out principles
followed by adequate cleaning and disinfection), difficulties to ensure the right microclimatic conditions
for every breeding phase, and pressure put on the reproductive phase (intensive breeding systems) or
in the growth phase (early weaning, mixing).

1.7.2.6. Dysbacteriosis

A further factor leading to a large amount of antimicrobial consumption in young food-producing
animals is dysbacteriosis, which is a non-specific enteritis following from a disturbance in the
equilibrium of the gut microbiota, similar to small intestinal bacterial overgrowth in human medicine
(Abu-Shanab and Quigley, 2009).

In broilers, dysbacteriosis and necrotic enteritis are major indications for group treatments
(Persoons et al., 2012). In veal calves and piglets, as well as in laying hens, colistin has often been
used to prevent as well as treat digestive disorders (Timmerman et al., 2006; Pardon et al., 2012a).
Given the potential side effects of antimicrobial agents as AGPs by modifying the intestinal gut through
immune stimulation (Khadem et al., 2014) or food conversion through substrate modifications (Lin,
2014), and the potential harmful effects of antimicrobials to the equilibrium of microbiota in the gut, it
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is difficult to define to what extent antimicrobials are harmful, preventative, or restorative of the
natural equilibrium between gastrointestinal microbial communities (Fasina et al., 2016).

This suggests that through better understanding of dysbacteriosis and its management,
antimicrobial consumption for gastrointestinal diseases in young animals could be reduced, e.g. by
improving nutrient digestibility or by using alternative products (e.g. probiotics, prebiotics, organic
acids, heavy metals).

1.7.2.7. Bees

There are no authorised antimicrobial veterinary medicines for honey bees in the EU. Antimicrobials
and chemotherapeutics can be used in the EU in apiculture under the ‘cascade’ as described in Article
11 of Directive 2001/82/EC,'* as amended by Directive 2004/28/EC. However, there may be practical
difficulties with setting an appropriate withdrawal period. According to the FVE, veterinary bee experts
believe that no antimicrobials should be used to treat honeybees. Rather, good beekeeping
management of apiaries can be helpful against most infections. The following infections are sometimes
treated with antimicrobials:

e American foulbrood and European foulbrood, due to Paenibacillus larvae and
Melissococcus pluton, respectively;
e nosemosis type-A and type-C, due to Nosema apis and Nosema ceranae, respectively.

1.7.2.8. Fish

Large quantities of antimicrobials are used in aquaculture in some countries to prevent and treat
bacterial infection. The potential bridging of aquatic and human pathogen resistomes is considered to
lead to the emergence of new AMR bacteria and global dissemination of the organisms and their AMR
genes into animal and human populations (Cabello et al., 2016).

European aquaculture includes more than 35 different species and takes a variety of production
systems, such extensive or intensive, in natural settings or tanks, in fresh water or sea water, in cold,
moderate or warm water, in flow-through or recirculation systems, traditional or modern, classic or
organic systems (see also Annex A).

Antimicrobials have been used extensively in salmon aquaculture, as therapeutic agents in the
treatment of infections. There are very substantial differences in antimicrobial use between producer
countries. Use of antimicrobials is extremely low in Norway, the largest producer of farmed Atlantic
salmon in the world, in comparison to some competitor countries (Burridge et al., 2010) (see also
Appendix C and Annex A).

Main pathogens for which antimicrobials are mostly used

Marine coldwater fish species (Atlantic salmon, trout and cod) represent the largest production sector,
followed by fresh water species (trout and carp) and marine Mediterranean species (sea bass, sea bream
and turbot).!* Farmed crustaceans and mollusc production seldom use antimicrobials. In aquaculture,
most of the antimicrobials are given to treat bacterial and parasitic diseases and the use of antimicrobials
varies between countries and production systems (Cabello et al., 2016). The most common route for the
administration of antimicrobials is the oral route via medicated feed, and antimicrobials are mostly used in
metaphylactic treatment. Information from FVE (see Annex A) highlighted the following critical phases of
aquaculture production requiring most of the antimicrobial use:

e salmon: fry in the fresh-water phase (florfenicol and flumequine);

e sea-bass and sea-bream: juvenile early life stages for tenacibaculosis, photobacteriosis and
vibriosis;

e trout: fry (early life stage) for rainbow trout fry syndrome (florfenicol,oxytetracycline), enteric
redmouth diseases by Yersinia ruckeriii, furunculosis (sulfadiazine-trimethoprim, florfenicol,
oxytetracycline, 1st- and 2nd-generation quinolones).

Examples of circumstances that lead to disease emergence and antimicrobial use

Norway has a very important production of marine cold-water fish species. Different epidemics
occurred since the 1970s, due to Vibrio anguillarum in the 1970s and, during the 1980s, cold-water

13 Directive 2001/82/EC of the European Parliament and of the Council of 6 November 2001 on the Community code relating to
veterinary medicinal products. OJ L 311, 18.11.2001, p. 1-66. As last amended.
14 FEAP Annual Report 2015. Available at: http://www.feap.info/shortcut.asp?FILE=1402
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vibriosis (Vibrio salmonicida), which led to an increase use of antimicrobials. In time, these infections
were more or less controlled by vaccination programmes and/or sanitary measures such as ‘all-in-all-
out’ and coordination areas to reduce infection pressure (Sapkota et al., 2008; Midtlyng et al., 2011)
(see also Appendix C). Smolt infected with Aeromonas salmonicida subsp. salmonicida causing
furunculosis was then imported. The disease spread quickly, and antimicrobial use again increased in
1990, with the use of antimicrobials increasing in tandem with the increase in production and the
epidemics. Subsequently, the amounts of antimicrobials used significantly decreased, and by 2015, the
consumption of antimicrobials was the lowest since 1975. During the same period, fish production
increased by 400%. Appendix C reports historical description of the evolution of the aquaculture in
Norway and related use of antimicrobials.

1.8. Examples of development of resistance, important to public health,
resulting from antimicrobial use in food-producing animals

Poultry
Enterobacteriaceae/cephalosporins

The use of ceftiofur for hatching eggs and day-old chickens appears to have been a driver for the
emergence of ESBL- and AmpC-producing Enterobacteriaceae with plasmidic MDR, but termination of
such use can be followed by a rapid reduction in occurrence if high standards of hygiene that minimise
perpetuation of these organisms on poultry farms are applied (Hiki et al., 2015; Hering et al., 2016).
Such use in chickens and turkeys may have been responsible for the emergence of MDR strains of
S. Heidelberg that have caused large numbers of human disease cases in the USA and Canada (Routh
et al., 2015). In 2011, the CVMP produced a scientific evaluation of veterinary medicinal products
containing 3rd- and 4th-generation cephalosporins.® This evaluation indicated in relation to
cephalosporins and poultry:

‘The extent of use in EU is not known but there is anecdotal evidence for quite comprehensive
use both in ovo and to 1-day-old chicken also in countries where there is no products authorised
for use in poultry. Outside the EU such practice is common and treatment of one day-old chicken
with ceftiofur is authorised e.g. in the United States. Such use would entail a high risk for spread
of ESBL to humans via food due to dissemination in poultry production pyramid. Treatment of
eggs and/or one day-olds in grandparent and parent flocks could lead to dissemination to a
large number of animals in the following generation with spread to numerous farms in different
countries. There is evidence of correlation between such use of cephalosporins and resistant
infections in humans and poultry and poultry products are most frequently reported to carry
ESBL and/or AmpC-producing bacteria’

In Europe, increasing proportions of human bloodstream infections caused by E. coli have been
reported to be resistant to 3rd-generation cephalosporins and a large proportion of cephalosporin-
resistant isolates causing human infections are considered to be derived from food-producing animals
(Vieira et al., 2011a). Based on data from the Netherlands (Overdevest et al., 2011), Collignon et al.
(2013) extrapolated that, in the Netherlands, infections in humans with cephalosporin-resistant E. coli
derived from poultry sources have been associated with 21 additional deaths and resulted in 908
hospital bed-days needed to treat persons with these cephalosporin-resistant bloodstream infections.
They concluded that if these values were extrapolated to all of Europe, 1,518 additional deaths and an
associated increase of 67,236 days of hospital admissions would be counted as a result of
cephalosporin and other antimicrobial drug use in poultry. This conclusion has been strongly criticised,
as statistically validated information was not included in the paper, nor were the effects of other
extraneous factors contributing to patient mortality considered.

A systematic review (Lazarus et al., 2015) concluded that evidence shows that a proportion of
human extraintestinal ESBL-producing E. coli infections originate from food-producing animals, and in
particular poultry. Evidence about transmission mechanisms showed to be contrasting. Some molecular
epidemiology studies supported transmission through whole bacteria, especially in the Netherlands;
some others, from different geographical regions, supported transmission through mobile genetic
elements, while some others did not support those transmission mechanisms.

15 Available at: http://www.ema.europa.eu/docs/en_GB/document_library/Referrals_document/cephalosporins_35/WC500121720.pdf
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Campylobacter spp./fluoroquinolones

In 2014, five of 13 MSs reported ciprofloxacin resistance in more than 80% of isolates from cases of
human infection, and one country reported resistance in 97.7% (ECDC and EFSA, 2016); in such settings,
effective treatment options for human enteric Campylobacter infection are significantly reduced.

Salmonella spp./fluoroquinolones

Treatment failures, increased hospitalisation and higher risk of death have been reported for MDR
S. Typhimurium definitive phage type (DT) 104 with additional resistance to quinolone antimicrobials
(Helms et al., 2002, 2004; Threlfall, 2002; ECDC, EFSA, EMA and SCENIHR, 2009; WHO, 2011).

Pigs

MDR Salmonella spp. are prevalent in pigs in most countries, and are likely to have resulted from the
regular use of in-feed antimicrobial treatments that are used to prevent disease under less than optimal
husbandry conditions (Molla et al., 2006). The success of Salmonella 4,[5],12:i:- (monophasic
S. Typhimurium) in pig populations is likely be related to the selective advantage offered by MDR
profiles associated with stable genetic elements, and also the presence of virulence features, within
bacterial lineages that are well adapted to the porcine host. Such strains are prevalent in human
infections as a result of the handling and consumption of contaminated pig meat (Mourao et al., 2014).
Acquired tolerance to heavy metals such as copper and zinc also provide a selective advantage as both
these elements are commonly used at high levels in pig feed (Mourao et al., 2015).

An increased frequency of ESBL-producing E. coli can be found on pig farms with high use of
3rd- or 4th-generation cephalosporins, typically as convenient low volume long-acting injections used
preventively to protect weaned pigs against farm-resident Streptococcus suis infection. Transfer of
either ESBL-producing E. coli or plasmids between pigs and farmers can occur as a result of such
practices (Hammerum et al., 2014). Management factors such as farm hygiene and husbandry
measures can also relate to risk, but sometimes counter-intuitively by increasing the risk for
ESBL-positive samples (Hering et al., 2014). An additional factor to be considered for pigs is that
antimicrobials added to semen may present an unrecognised route for dissemination of antimicrobials
and AMR-contaminating organisms (Luis Yaniz et al., 2010).

A further issue is the ongoing spread of LA-MRSA in certain high-risk groups of workers in direct
contact with animals, especially pigs. (See Appendix A.3).

Colistin, mcr-1

Following its identification in food production animals in China in late 2015, mobile (transferable)
colistin resistance mediated by the mcr-1 gene has been documented in food-producing animals in
several EU/EEA countries, particularly in pigs but also in poultry and veal calves (see Appendix A).
Human infections have also been noted. This is of great concern due to the rapidly increasing use of
colistin in EU/EEA hospitals leading to increased selection pressure. The mcr-1 gene has subsequently
been identified in invasive human pathogens and as such is regarded as seriously decreasing the
options for the treatment of infections with highly resistant Enterobacteriaceae (EMA, 2016b).

Ruminants

There appears to be a quantitative relationship between antimicrobial use and the occurrence of
LA-MRSA in veal calves (Dorado-Garcia et al., 2015b), and resistance in E. coli and Pasteurellaceae in
different production types (Catry et al., 2016).

The use of diverse antimicrobials in veal production and the use of penicilins and 1st- and
2nd-generation cephalosporins, alone or in combination with aminoglycosides, for mastitis prevention
and treatment, with consequent possible exposure of calves via colostrum and feeding of waste milk
from treated cows, are important issues. The latter problem has been specifically assessed recently by
the EFSA BIOHAZ Panel (2017).

From 2000, in the USA and Canada, highly MDR strains of S. Newport have emerged, primarily in
cattle, following routine use of ceftiofur for dairy cattle after calving. These bacteria were resistant to
at least 11 antimicrobials, including extended-spectrum cephalosporins. Resistance genes bla(CMY-2"),
flo(st’), strA, strB, sulll and tetA were located on self-transmissible plasmids. Additional resistances
were found in a proportion of isolates. The increase in bovine-associated MDR S. Newport in people is
cause for concern as it indicates an increased risk of human acquisition of the infection via the food
chain (Poppe et al., 2006). MRSA has been found as a cause of mastitis in dairy cattle in some
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countries (Turkyilmaz et al., 2010), and although such organisms may be found on beef, their
occurrence in beef cattle appears to be minimal; based on these findings, further contamination along
the food chain, possibly by food handlers, may be involved (Weese et al., 2012).

1.9.

Concluding remarks

Although resistance to antimicrobials is an inevitable consequence of the use of such
compounds in both human and veterinary medicine, the relative contribution of such use to
AMR development has not been quantified.

Genetic factors contributing to the spread of AMR organisms and genes therein from animals
to humans and vice-versa include the presence of chromosomal mutations contributing to the
development of resistance to some clinically relevant antimicrobials, organisation of mainly
non-chromosomal resistance genes into horizontally transferable elements, and the presence of
a cluster of linked AMR genes facilitating co-selection of resistance to one substance during
exposure to an unrelated substance.

The gut microbiota is regarded as the largest reservoir of antimicrobial transmissible resistance
genes, not only within livestock but also in humans. Such bacteria can act as donor, vector or
recipients of AMR genes.

Key emerging issues in relation to food-borne/zoonotic transmission of AMR include
transferable resistance to colistin mediated by mcr genes in livestock and humans, the
emergence and spread of MDR/ciprofloxacin-resistant (Cip") isolates of various Salmonella
serovars, the spread of monophasic MDR Salmonella spp. in pigs and in broilers in many EU
countries, the ongoing spread of LA-MRSA in certain high-risk groups of workers, the ongoing
spread of MRSA in pigs and other species, and increasing levels of resistance to 3rd- and
4th-generation ESBL-producing organisms in community patients and livestock.

The high to very high levels of resistance to fluoroquinolones and tetracyclines in isolates of
Campylobacter spp. from cases of human infection and from broilers in several EU MSs in
2014, and increasing levels of resistance to ESBLs in community patients and livestock are also
matters of concern.

The overall surveillance of the occurrence of AMR both in isolates from animals and foodstuffs
and in isolates from human cases as reported annually in the EU Summary Report on AMR in
zoonotic and indicator bacteria from humans, animals and food should enable trends to be
monitored.

Data on overall sales of antimicrobials in MSs, as published by ESVAC, provide an analysis of
use by country, although it is not possible to distinguish such use by food-producing animal
species.

Data based on the sales of antimicrobials for use in food-producing animals in the different EU
MSs show that that there are considerable differences between the amounts used (mg/PCU).
More than 90% of antimicrobials (kg) are administered as oral (group) treatments.

The JIACRA report published jointly by ECDC, EFSA and EMA has provided an integrated
analysis of consumption of antimicrobial agents and occurrence of AMR in bacteria from
humans and food-producing animals in EU MSs in 2011-2012. Overall, a positive association
was observed between antimicrobial consumption in food-producing animals and occurrence of
resistance in bacteria from such animals. A second JIACRA report is in preparation and is
scheduled to be published in 2017.

The use of AGPs has been banned completely in the EU since 2006. Their use had already
been phased out in certain countries prior to this date and an overall reduction in resistance in
farm animals and in humans to substances previously used as AGPs has been reported in some
Scandinavian countries. The impacts on animal and human health of the removal of AGPs are
subject to debate.

The European Commission introduced a 5-year Action Plan against AMR in 2011 and
subsequently published guidelines on the prudent use of antimicrobials in veterinary medicine
in 2015. These guidelines contain strategies for limiting the development of AMR, which can be
implemented by stakeholders in EU MSs at all levels.

At international level, the WHO/OIE animal health codes address the regulatory frameworks
relating to the control of AMR while Codex guidelines address AMR from the food safety
perspective. The WHO and OIE publish lists of CIAs for human and veterinary medicine.
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e In 2015, the World Health Assembly endorsed a global action plan on AMR, which underscores
the need for a ‘One Health” approach and provides the framework for national action plans to
combat AMR.

e Antimicrobials are used for the treatment, metaphylaxis and prevention of infectious diseases
in all food-producing animal species in EU/EEA countries. The availability of antimicrobial
treatment is regarded as essential for the health and welfare of the animals in question. The
level of use varies between countries and also between production systems, livestock species,
life stages and depending on disease expression.

1.10. Recommendations

e Vigilance is required and should be in place at the EU level in respect of key emerging issues
related to AMR in zoonotic pathogens, to ensure that appropriate control measures are rapidly
taken to minimise or prevent the spread of such organisms.

e Sales data of antimicrobials by animal species/production sector would be helpful in
establishing more precise patterns of use (see also Section 3.3.2).

e At the EU level, relevant indicators suitable for monitoring and detecting trends in the levels of
key antimicrobial-resistant microorganisms in humans, food-producing animals and food
derived thereof, and in antimicrobial consumption should be developed.

2. Data and methodologies
2.1. Data

2.1.1. AMR surveillance data

Where relevant, data obtained from the AMR monitoring at the EU and national level, have been
referred to in the Opinion to describe the AMR situation and its evolution along the years, and/or
showing the impact of measures taken to reduce the impact of the use of antimicrobials in AMR in
food-producing animals and certain foods thereof. It should be noted that other than for those aspects
designed for the purpose of compulsory EU surveillance (Decision 2013/652/EC), national AMR
surveillance programmes may use different methodologies for sampling, susceptibility testing and/or
the interpretive criteria for defining resistance (see Section 3.3.2).

2.1.2. European and national data on sales of antimicrobials

Where relevant, data on sales of antimicrobials obtained from the ESVAC project have been
referred to in the Opinion to describe the use of antimicrobials at national or EU level and its evolution
through the years, and/or showing the impact of measures taken to reduce the use of antimicrobials in
food-producing animals. In addition, data on sales and use has been taken from national consumption
surveillance reports (see Section 3.3.2). These may use different methodologies for data collection and
units of use/consumption.

2.1.3. Data collected through questionnaires on the use of antimicrobials in
food-producing animals and measures to reduce the use

The experts of the RONAFA WG identified the need to collect information in relation to the use of
antimicrobials in food-producing animals, with particular focus on the cattle, pig and poultry (all poultry
species) EU production systems, but also on other species, and on possible measures to reduce the
use of antimicrobials and the need to use antimicrobials in food-producing animals. In order to obtain
this information from field experts, the WG approached the Federation of Veterinarians of Europe
(FVE), stakeholder organisation representing the veterinary profession at the EU level. For this
purpose, the RONAFA WG developed a questionnaire, to which FVE provided detailed feedback. The
questionnaire included, for the different food-producing animal species, questions in relation to the
circumstances in which the greatest amounts of antimicrobials are used, and where it would be easier
or more difficult to implement measures to reduce the need for antimicrobials, in relation to the use of
vaccination and to the need for vaccines to directly or indirectly reduce the use of antimicrobials. It
also included a request for examples of measures implemented and their impact in terms of use of
antimicrobials, AMR, animal health and animal welfare.
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In addition, to get more specific information in relation to the use of antimicrobials in aquaculture
and the strategies implemented in Norway to reduce the use of antimicrobials in this sector and the
results obtained, the RONAFA WG consulted one external expert, in the role of hearing expert.

The information provided in the answer to the above questionnaire and further information from
the hearing expert has been used by the RONAFA WG to inform the assessment, and information has
been considered and discussed as relevant in the Opinion. A copy of the questionnaire is available in
Appendix D, and the report produced by FVE to respond to the questionnaire is available in Annex A.
The information requested to and provided by the hearing expert is available in Appendix C.

2.1.4. Data collected through a questionnaire on agreements between producers
and retailers

The experts of the RONAFA WG identified the need to collect some information in relation to the
possible role and impact of the voluntary measures taken by producers and retailers, and agreements
between these groups, on the use of antimicrobials in food-producing animals in the EU. In order to
obtain this information from stakeholders, the WG approached selected organisations representing
these groups at the EU level, or other sectors tightly linked with them. For this purpose, the RONAFA
WG developed a questionnaire, to which a number of stakeholders provided feedback. The
questionnaire included the request to provide information on any guidance or schemes in place
between retailers and producers, and related controls, which are in place at national or international
level within the EU with regard to antimicrobial use in food-producing animals. The information
provided in the answer to the questionnaire has been used by the RONAFA WG to inform the
assessment, and information has been considered and discussed as relevant in the Opinion. A copy of
the questionnaire and a summary of the answers are available in Appendix E.

2.1.5. DG SANTE questionnaire

Within the framework of the European Commission’s action plan on AMR, the Directorate on Health
and Food Audits and Analysis (former Food and Veterinary Office, FVO) of the European Commission’s
Directorate-General for Health and Food Safety (DG SANTE) is conducting a fact-finding project on the
prudent use of antimicrobials in animals in the EU. As part of this project, in 2015 a questionnaire (‘DG
SANTE questionnaire”) was sent to the competent authorities of all EU MSs, Iceland, Norway and
Switzerland, as well as representative stakeholders, to collect information on the distribution and use
of antimicrobial veterinary medicinal products including medicated premixes, and also on how the MSs
have put national and/or the EC PUAVM Guidelines into practice. The replies to this questionnaire'®
provided by the respondents, with their kind permission, were used by the RONAFA WG as a tool for
identifying material relevant to this Opinion. No attempt has been made to perform an analysis of the
responses in this report.

2.2. Methodologies

2.2.1. Measurement of impact of measures

Measuring the impact of guidance on responsible use of antimicrobials, and/or specific management
measures implemented, on the level of resistance to antimicrobials in bacteria isolated from
food-producing animals and food thereof is a difficult task for several reasons.

e There are multiple steps between the formulation of guidelines and observation of any change
in AMR patterns in bacteria in food-producing animals and food. Guidelines have to be
translated into effective actions, after which leverage may be applied by authorities to ensure
that the actions are effectively implemented. Monitoring of use and surveillance programmes
for AMR need to be in place in order to analyse the impact of the measures.

e There is a delay before any impact of measures can be observed. The delay relates to the time
for measures to be implemented and for the reduction in selection pressure to impact on AMR,
depending on factors such as the stability of the resistance mechanisms involved, the
microorganisms involved, the spread of resistance determinants among bacteria and among
animal species, concomitant measures taken, etc.

16 Further information will be available in an overview report on this prudent use project, including an analysis of the
questionnaire responses, expected to be published by DG SANTE in March 2017.
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e In many MSs monitoring programmes have not been in place for sufficient time to reliably
identify trends in AMR evolution.

e Identifying causality in complex systems can be difficult. In some contexts, variables may be
positively associated, while in some others they may not be associated, or negatively
correlated depending on many factors.

e The implementation of specific measures may for example lead to different results and
response times in different animal species, production systems, environmental conditions, etc.,
depending for example on:

— lifespan of animals;

— characteristics of the production system (e.g. broiler chicken vs laying hens, poultry vs
pigs, dairy cattle vs veal calves);

— farm management;

— antimicrobial use pattern (e.g. active principles used, route of administration, dosage,
duration of treatment);

— disease incidence.

e The EC PUAVM Guidelines include a number of measures. It is probable that countries will
have implemented a series of these measures all at the same time, and to different extents,
and the impact of individual measures cannot be separated.

e Other events can compete with implementation of measures. For example, in Denmark, an
outbreak of Postweaning Multisystemic Wasting Syndrome (PMWS) in the Danish pig
population may have been expected to result in a national increase in antimicrobial use in
weaners. The effect on the use of antimicrobials was unclear even when data collected
through a national register of antimicrobial use at the farm level represented more than half of
pig farms (Vigre et al., 2010). In the UK, a slight increase in antimicrobial use in the poultry
sector in 2013 was attributed possibly to feed quality issues resulting from a poor harvest
during the associated period (BPC, 2016).

These difficulties result in the impossibility to quantitatively measure the impact of the measures
reviewed on the use of antimicrobials, or on the need to use antimicrobials, and on the occurrence of
AMR. Rather, this assessment evaluates the impact qualitatively.

2.2.2. Data gathering and literature searches

Several methods have been used to gather scientific publications, reports and official documents
relevant for this opinion.

Relevant data from scientific publications, official EU publications, scientific documents of EU
agencies (see for example Appendix F) and specific reports from MSs were used as appropriate.
Reports, publications and other types of information available on websites from MSs’ competent
authorities have been used to gather information and provide examples on strategies and measures
put in place by the different EU MSs. This information might not be complete due, for example, to the
lack of public availability, or to the language used in the publications.

In a number of areas it was considered important to review existing scientific literature to extract
information to be presented and discussed in this opinion, especially because recent studies and
scientific findings would provide insights into the possible alternatives to the use of antimicrobials in
food-producing animals. In such cases, specific literature searches were undertaken to identify relevant
literature. This was used, together with additional scientific information known by experts, to support
the expert review in these areas.

Detailed information on the literature searches performed is provided in Appendix G.

3. Assessment on measures taken to reduce the use of antimicrobials
in animal husbandry in the EU and their impact on the occurrence
of AMR in bacteria from food-producing animals (ToRs 1 and 2)

3.1. Introduction

Section 3 of this opinion addresses the measures that have been taken to reduce the use of
antimicrobials in food-producing animals in the EU. It discusses measures that have been implemented
according to the EU Regulations or Commission Decisions, measures taken by the individual MSs at the
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national level and, briefly, measures undertaken independently by food producers and retailers. The
impact of the measures on antimicrobial use, and on AMR in bacteria from animals and food, where
data are available, is noted.

3.2. EU regulatory measures

3.2.1. Veterinary medical product (VMP) authorisation procedures

The regulatory system for the authorisation of new antimicrobial veterinary medical products (VMPs)
in the EU is science-led. In accordance with Directive 2001/82/EC, before any substance can be used in
a VMP intended for food-producing animal species (FPS), maximum residue limits (MRLs) must be
established which take account of potential adverse effects on public health due to residues of the
substance in food products derived from treated animals. The effects of antimicrobial residues on the
human gut flora are taken into consideration, both in terms of their impact on the colonisation barrier,
and any increase in the population of resistant bacteria. In regards to the latter, an acceptable daily
intake (ADI) is calculated based on the antimicrobial concentration, which leads to no observable
increase in the population of resistant bacteria in the colon (VICH GL 36!7). Withdrawal periods in
compliance with MRLs are applied following the administration of VMPs to ensure that the consumer’s
intake of antimicrobial residues do not exceed the ADI. Thus it can be assumed that with the withdrawal
period applied, residues of antimicrobial agents in food will not lead to an increase in the population of
resistant bacteria in the human gastrointestinal tract that could adversely affect human health.

Before VMPs can be placed on the market in the EU, they require a Marketing Authorisation (MA).
MA requirements include provision of data on minimal inhibitory concentration (MIC), i.e.
pharmacodynamics, pharmacokinetics, justification for the dosing regimen and demonstration of
effectiveness of the antimicrobial in clinical field trial(s). Detailed guidance on the data requirements is
provided in the recently updated EMA/CVMP Guideline for the demonstration of efficacy for VMPs
containing antimicrobial substances (EMA, 2016a). MA applicants should ensure that product
indications are aligned with principles of the responsible use of antimicrobials, and are encouraged to
take into account modern PK/PD principles in establishment of dosing regimens and to justify
treatment duration taking into account the risk for development of AMR. Special consideration is given
for metaphylaxis claims, which must be justified on epidemiological and clinical grounds. Furthermore,
it is foreseen that prevention claims would only be approved when the risk for infection is very high
and the consequences are severe (see Section 3.3.6).

In addition to provision of data on potential emergence of AMR in target pathogens, for all new MA
applications concerning food-producing species, except those for generic products, then certain data
are required to consider the likelihood that use may lead to selection of resistance in zoonotic or
commensal organisms that could be of concern to human health (VICH GL 27%). This guidance
does not address all aspects of the risk pathway or make recommendations on the overall risk
estimation. Further guidance is under development, which will expand upon this by considering the
subsequent extent of human exposure to AMR genes and potential consequences to human health
(EMA CVMP AWP, 2015).

Although an environmental risk assessment is required as part of a MA application, this does not
consider the effect of the excreted antimicrobial residues on bacteria in the environment, or the
contribution of resistance genes that are excreted from treated animals to the environmental resistome
and their dissemination throughout the environment. The need to assess this risk is under consideration
by CVMP, although further research into this complex topic is required (Sarmah et al., 2006; Wellington
et al., 2013). Further elaboration is considered to be outside the scope of this Opinion.

Based on the regulator’'s assessment of the AMR risk, risk management measures, which are
focused on responsible use warnings, can be implemented within the terms of the Marketing
Authorisation and are documented in the product’s Summary of the product characteristics (SPC).
These address, for example:

e advice to base decisions about the use of the product on susceptibility testing of bacteria
isolated from the animal;

17 VICH GL 36 Studies to evaluate the safety of residues of veterinary drugs in human food: General approach to establish a
microbiological ADI.

18 VICH GL 27 Guidance on preapproval information for registration of new veterinary medicinal products for food-producing
animals with respect to antimicrobial resistance.
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e where this is not possible, advice to base therapy on local (regional, farm level)
epidemiological information about susceptibility of target bacteria;

e advice to use narrow-spectrum antimicrobials by preference where susceptibility testing
suggests the likely efficacy of this approach;

e advice to follow the dosing directions in the SPC to avoid the development of antimicrobial
resistance.

The SPC and product information (label, package information leaflet) are the tools through which
risk management measures are conveyed to users of antimicrobial VMPs. In a survey conducted by the
FVE (De Briyne et al., 2013), 72.5% of food-producing animal practitioners responded that they always
(14.8%), or in most cases (57.7%), take into account responsible use warnings in the SPC and/or
package information leaflet when prescribing. It was noted that practitioners referred to labels and
package leaflets rather than SPCs. Although product information can be seen as an effective means to
communicate risk management measures to the veterinarian, and there is an expectation that the
veterinarian complies with the SPC unless prescribing under the cascade the impact of these warnings
on prescribing where this is not supported by additional national legislative control is more difficult to
discern (see CIAs, below). Additional information on pharmacodynamic particulars (MIC, MBC, clinical
break-points) and pharmacokinetic properties may be useful in supporting appropriate authorised and
off-label use and is included in Section 5 of the SPC but rarely in the product information.

In addition to SPC responsible use warnings, which are generally applied by regulators during
marketing authorisation application procedures, other, substance-specific risk management measures
could be considered which would have a bearing at the time of product development. These were
discussed previously by the AMEG (Q.4, table 6 of the AMEG advise (EMA, 2014)) and include:

restrictions on preventive and metaphylactic use;

restriction from use as mass treatment, e.g. for herds and flocks; individual treatment only;
restrictions on indications;

restriction to use in certain species only;

limitation on route of administration and/or duration of treatment.

Although these risk management measures may be intrinsic to the product and should be taken
into consideration as part of the AMR risk assessment at the time of authorisation, there is no
comprehensive EU regulatory guidance on antimicrobial VMP risk management that can be used to
guide development of new products.

In all cases, the approval of a Marketing Authorisation for a new antimicrobial VMP is dependent on
the demonstration of a positive benefit-risk evaluation for the product. The benefit-risk balance
considers the intended use and demonstrated indications for the product in respect to its overall
safety, taking account of possible risk management measures (EMA, 2009). The CVMP has previously
refused to approve an indication for a 3rd-generation injectable cephalosporin product for the
treatment of bovine respiratory disease (BRD). In this case, it was noted that increasing levels of
cephalosporin resistance had been reported in E. coli from cattle and greater exposure to the
antimicrobial could be anticipated following approval of the BRD indication. The risk to public health
was assessed and considered to contribute, among other factors, to an overall negative benefit-risk
assessment for the indication (EMA CVMP, 2012b).

The AMEG (EMA, 2014) has proposed that new antimicrobial substances could be prohibited from
use in food-producing species prior to, or on consideration of, a hazard characterisation performed
ahead of Marketing Authorisation application in order to preserve their efficacy for the treatment of
infections in humans. Carbapenems are a last line therapy for treatment of serious infections in
humans caused by MDR Gram-negative bacteria. Although they are not authorised for use in animals,
carbapenem resistance has been detected sporadically in Enterobacteriaceae from food-producing
animals in the EU. In 2013, EFSA published an opinion on carbapenem resistance in food-producing
animal ecosystems in which it was recommended that an effective control option to minimise spread
of resistance via the food chain would be to continue to prohibit the use of carbapenems in
food-producing animals (EFSA BIOHAZ Panel, 2013).

It has been noted previously that a solution to the problem of transfer of AMR via the food chain
would be to develop veterinary-use antimicrobials that do not select for resistance to antimicrobials
used in human medicine; as in human medicine, investment in new veterinary antimicrobials has
stalled. An independent review identified that it is the expectation of more regulatory or policy
instruments to restrict or ban the use of novel antimicrobials in animals has led to a halt in commercial
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investment (Tait et al.,, 2014). Industry identified that one of the most important solutions to
overcoming the barriers to investment in new veterinary antimicrobials is a stable and predictable
regulatory process without unnecessary restrictions on their use (du Marchie Sarvaas, 2015).

The proposed Regulation on veterinary medicinal products currently undergoing legislative process
seeks to strengthen the regulatory framework for antimicrobial VMPs in line with Action 2 of the
Commission’s 5-year Action Plan on AMR. Applicants must provide data on the risks to public and
animal health from the use of antimicrobial VMPs and information on risk management measures.
Where the risk to public health due to development of AMR is considered to outweigh benefits of the
product to animal health this can be deemed as grounds for refusal of a Marketing Authorisation.
Furthermore, the Commission also seeks to establish a list of antimicrobial VMPs, which cannot be
used, or can only be used under certain conditions, outside the terms of the marketing authorisation.

There is no specific requirement linked to Marketing Authorisations for post-marketing surveillance
of AMR in zoonotic and commensal bacteria as a risk management measure. A recommendation from
the AMEG was that at the time of approval of a new antimicrobial substances/classes, MA holders
should have in place plans to monitor the susceptibility in zoonotic and indicator bacteria through
approved programmes. Mandatory monitoring of AMR in zoonotic and commensal bacteria from
animals is carried out in the EU under Directive 2003/99/EC® and the priorities for monitoring from
the public health point of view are laid out in Commission Implementing Decision 2013/652/EU
(see Section 1.5.1). SAGAM concluded that commitments for Post-Marketing Authorisation Resistance
Surveillance (PMARS) could be required for products intended for food-producing animals depending
on the assessment of the public health risk, and that such activities should be complementary to
mandatory EU monitoring programmes (EMEA CVMP SAGAM, 2008).

In accordance with Directive 2001/82/EC, generic products are exempt from the need to provide an
assessment of the AMR risk warnings in regards to responsible use are normally extrapolated from
those of the reference product; although these warnings may not take into account the evolution of
microbial susceptibility to the substance in the years following its first authorisation. A study conducted
in Denmark found that after the introduction of generic ciprofloxacin to the human market, the
total consumption in primary healthcare increased significantly from 0.13 to 0.33 DDD/1,000
inhabitant-days and this was positively correlated with resistance in E. coli obtained from urine
samples (Jensen et al., 2010). The impact of the release of generics onto the veterinary market on the
sales of specific antimicrobials should be investigated, as has been done in human medicine
(Monnet et al.,, 2005; Jensen etal, 2010) and suggested in veterinary medicine (Toutain and
Bousquet-Melou, 2013). Under current legislation, the AMR risk for generic VMPs can only be reviewed
as part of a ‘class’ referral procedure (see Section 3.2.2).

Concluding remarks

e The risk to public health from AMR that is transmitted via food produce derived from animals
treated with antimicrobial VMPs is assessed in the authorisation process according to guidance
provided under VICH GL 27 and guidance in draft/development by the CVMP/AWP. Experience
needs to be gained with this methodology.

e During the process of VMP authorisation, provided that the overall benefit-risk is assessed to
be positive, the main tool for otherwise mitigating the AMR risk is the placing of warnings in
the SPC. There is evidence that SPC-based product information is a useful tool for
communication of responsible use warnings to veterinarians.

e New antimicrobial substances could be prohibited from use in food-producing species prior to,
or on consideration of, a hazard characterisation in order to preserve their efficacy for the
treatment of infections in humans. A previous EFSA opinion recommended that carbapenems
should be prohibited from use in food-producing animals.

e No new AMR risk assessment is required as part of the MA application for generic VMPs, and
there is little published evidence of the impact of generic products on antimicrobial use.

Recommendations

e Support should be given to the development of further regulatory guidance on (i) the
assessment of the risk to public health from AMR due to the use of VMPs, and (ii) a framework

19 Directive 2003/99/EC of the European Parliament and of the Council of 17 November 2003 on the monitoring of zoonoses and
zoonotic agents, amending Council Decision 90/424/EEC and repealing Council Directive 92/117/EEC. OJ L 325, 12.12.2003,
p. 31-40. As last amended.
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for risk management measures that are proportionate and relevant to the risk assessment. The
guidance should continue to be science-led and transparent, in order to support a predictable
regulatory environment.

e A process should be developed for evaluation of the potential AMR risk from future veterinary
use of human last-resort antimicrobials, which might be restricted from use in veterinary
medicine.

e Regulatory authorities should take steps to maintain and improve access to SPCs so that more
information is conveniently accessible to prescribers.

e The impact of the release onto the market of generic VMPs on the sales of specific
antimicrobials and potential to influence AMR development should be investigated.

3.2.2. Measures based on CVMP reflection papers and referrals

The Committee for Medicinal Products for Veterinary Use (CVMP), in collaboration with its
Antimicrobials Working Party (AWP), has provided over the last decade a series of reflection papers
addressing the use of certain antimicrobial classes in food-producing animals in the EU, the
development of resistance and its impact on human and animal health. Based on these papers, CVMP
has made recommendations which have been followed up, according to priority, by ‘class referral’
procedures aimed at amending the SPCs of groups of related VMPs to ensure that they are in line with
the CVMP’s risk profiling and responsible use principles. Following a referral procedure, a Decision is
issued by the EC, requiring MSs to implement the CVMP’s recommendations.

The first of these reflection papers, on the use of (fluoro-)quinolones, was published in 2006
(EMEA CVMP, 2006) and followed by a further paper in 2010 (EMA CVMP, 2010), which made
recommendations on responsible use guidance to be included in the SPCs of these products. It
indicated that:

o ‘official and local antimicrobial policies should be taken into account when the product is used’;

e ‘whenever possible, (fluoro)quinolones should only be used based on susceptibility testing’;

e ‘use of the product deviating from the instructions given in the SPC may increase the
prevalence of bacteria resistant to the (fluoro)quinolones due to the potential for cross
resistance’;

and, additionally for fluoroquinolones, that:

e ‘fluoroquinolones should be reserved for the treatment of clinical conditions which have
responded poorly, or are expected to respond poorly, to other classes of antimicrobials’.

A referral for enrofloxacin products administered in water to poultry (EMA CVMP, 2014b)
recommended removal of indications that were not consistent with responsible use (including
treatment of Salmonella spp.) and included a condition (pending) for Marketing Authorisation Holders
to review the dosing regimen in line with modern PK/PD principles.

In 2009, the CVMP published a reflection paper on the use of 3rd- and 4th-generation
cephalosporins in food-producing animals in the EU (EMEA CVMP, 2009). A subsequent referral and
Commission Decision issued in January 2012 required the addition of SPC warnings for systemically
administered products equating to those that had been included in the SPCs for the fluoroquinolones
(EMA CVMP, 2012a). In addition, due to concerns regarding misuse of the products for preventive
group treatments in cattle, swine, horses, and particularly in day-old chicks, and associated concerns
over the human health risk due to selection of ESBLs (extended-spectrum p-lactamases), further
warnings were added. These included a contraindication from use of the products in poultry and
statements indicating that the products are intended for use in individual animals only, and should not
be used for disease prevention.

The CVMP review of the use of macrolides, lincosamides and streptogramins identified that of most
concern was emergence of resistance in Campylobacter spp. in poultry and pigs, although the
outcome of public health risk assessments due to veterinary use is equivocal (EMA CVMP, 2011). The
reflection paper proposed that the duration of treatment with such products should be limited to
the minimum time needed for cure of the disease. This was followed up by a referral (2014) for tylosin
products administered orally to pigs, which restricted the treatment duration to three weeks and
deleted the indication for swine dysentery (Brachyspira hyodysenteriae) (EMA CVMP, 2014c).

Recognising the increasing importance of colistin to treat MDR Gram-negative infections in humans,
recommendations were made by the AMEG with the goal of reducing overall use of colistin in
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veterinary medicine (EMA, 2013a). Subsequently, a CVMP referral addressing orally administered
colistin products in 2014 led to restrictions of the indications for such products and in the duration of
treatment. Following the identification in 2015 of the mcr-1 gene conferring resistance to colistin and
the further increasing importance of colistin in human medicine, its continued use in veterinary
medicine came under intense scrutiny. The AMEG’s report was subsequently updated in 2016 with the
recommendation that a target should be set to substantially reduce veterinary use of colistin in the EU,
and to move the substance into the AMEG’s category 2 (higher risk substances, to be used only when
there is no other effective alternative) (EMA, 2016b).

The use of pleuromutilins in humans is limited to topical application (e.g. retapamulin); other
substances in this class are under development for human use. Use in animals could select for
pleuromutilin-resistant staphylococci (e.g. via cfr genes), including LA-MRSA. Potentially the spread of
resistance genes could compromise treatment of MRSA infections in humans. The reflection paper on
pleuromutilins recommended that prevention claims should be removed, except for use in well-defined
eradication programmes, and the duration of treatment limited to that for cure of disease. No
measures have been implemented to date based on this reflection paper.

The Joint Scientific report of ECDC, EFSA and EMA on MRSA in livestock, companion animals and
food (EMEA CVMP, 2009) advised that due to the multidrug resistant character of MRSA, effective
control measures could not be limited to a specific antimicrobial class, but routine antimicrobial use
should be regarded as a risk factor and measures should aim to reduce unnecessary use. It was
suggested that biosecurity and hygiene would be useful measures and transmission via trade should
be avoided. Systematic surveillance for MRSA in humans and animals in order to identify any trends in
the spread and evolution of zoonotically acquired MRSA was also recommended.

Over the years, the CVMP has conducted numerous referrals for antimicrobial VMPs with emerging
resistance in mind. In many cases, this has involved the review of supporting data resulting in removal
of indications or adjustment of dosing regimens with the aim of improving rational antimicrobial use. It
has to be taken into account that when indications or animal species are removed from the SPC(s) for
one product/substance, this could result in use of a substance that is of greater importance to human
health and over-reliance on a narrower range of substances. In addition, the impact of increasing
doses to address a change in the susceptibility profile of target pathogens may have un-assessed
impact on AMR in organisms of relevance to public health, and could increase overall antimicrobial use
if not coupled with other measures. In addition, the paucity of new data to enable updating of dose
regimens and safety risk assessments is frequently noted.

3.2.2.1. Impact of the measures

According to the responses to the DG SANTE questionnaire (see Section 2.1.5), as of 2015, the
Commission Decisions implementing SPC warnings on responsible use of fluoroquinolones and 3rd- and
4th-generation cephalosporins had been enacted in almost all member states.

As the Decision on cephalosporins was only implemented at the start of 2012, it is too early to
assess any impact on the basis of the ESVAC data. The Commission Decision on the fluoroquinolones
was adopted in January 2010. Examination of data on the sales of fluoroquinolones across the EU
suggests an increasing trend since 2011 (see Figure 2) (EMA ESVAC, 2016). The sales of
fluoroquinolones (in mg/PCU) differ by more than 100-fold between MSs. Spain and Poland, account
for around 60% of the total sales (tonnes) of fluoroquinolones in the EU and have high sales in mg/
PCU and therefore strongly influence the EU overall data. Neither of these MSs has seen a decline in
the sales of fluoroquinolones since 2011. Reductions in sales of certain critically important
antimicrobials (CIAs) have been seen in some MS/livestock sectors where legislative or voluntary
actions have been taken at national level (see Section 3.3.4).

Concluding remarks

e The CVMP’s reflection papers and referral procedures, followed by Commission Decision, have
been effective in implementing responsible use warnings into the SPCs for certain CIAs.

e [t is too early to fully assess the impact of these measures on sales of these CIAs, but they
may have limited impact compared to measures taken at national level.

e Despite this, responsible use warnings implemented in SPCs at the EU level may help to
support measures included in national action plans, such as the requirement to conduct
susceptibility testing prior to use of certain CIAs.
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Figure 2: Changes in total sales and in sales of fluoroquinolones and 3rd- and 4th-generation
cephalosporins, from 2011 to 2014, for 25 EU/EEA countries (Austria, Belgium, Bulgaria,
Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Hungary, Iceland,
Ireland, Italy, Latvia, Lithuania, Netherlands, Norway, Poland, Portugal, Slovakia, Slovenia,
Spain, Sweden and United Kingdom) (source: EMA ESVAC, 2016)

3.2.3. Maedicated feedstuffs and other oral administrations

3.2.3.1. Regulation of the manufacture and placing on the market of Medicated feedstuffs
in the EU

The conditions for mixing veterinary medicines into feed, its marketing and use across the EU are
regulated under EU Directive 90/167/EEC?. In accordance with Article 8, the supply of medicated
feedingstuffs (MFS) to farmers may only be on prescription by a veterinarian; the MFS should not be
used for more than one treatment under the same prescription and the prescription should not be
valid for more than three months. In addition, the veterinarian must prescribe the MFS only in such
quantities as are necessary for the purpose of the treatment and within maximum limits laid down by
national legislation. Further to this, Article 9 states that MFS for the treatment of animals intended for
human consumption must not be supplied in quantities greater than one month’s requirements.

Medicated feed is usually produced by feed mills approved by the competent authority. In
compliance with the Feed Hygiene Regulation 183/2005,%! they must follow certain standards in
relation to manufacturing processes, and should take steps to avoid cross-contamination and transfer
of antimicrobial to subsequent batches. Under a derogation of the Directive 90/167/EEC, MSs may
authorise farms to manufacture medicated feed from authorised premixes. This derogation is applied
in Ireland, Italy, Sweden, United Kingdom and France, but not in all the EU MSs. Mixing ready-to-use
oral VMPs into water and ‘top dressing’ of feed with oral powders by the farmer are not regulated by
the Directive and therefore rules, for example relating to homogeneity of production, do not apply.

The EU legislative framework relating to medicated feed was evaluated by Civic Consulting of the
Food Chain Evaluation Consortium in a report published in 2010 (EC, 2010). This report identified that

20 Council Directive 90/167/EEC of 26 March 1990 laying down the conditions governing the preparation, placing on the market
and use of medicated feedingstuffs in the Community. OJ L 92, 7.4.1990, p. 42-48.

21 Regulation (EC) No 183/2005 of the European Parliament and of the Council of 12 January 2005 laying down requirements for
feed hygiene. OJ L 35, 8.2.2005, p. 1-22. As last amended.
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there are few official statistics with regards to the production of MFS in the EU. Medicated feed is the
most common route of oral administration of antimicrobials in many countries. According to Civic
Consulting’s survey of nine national feed manufacturers’ associations (conducted in 2009), the most
frequently used VMPs for the production of feed were (in descending order) tetracyclines,
sulfonamides/trimethoprim and macrolides. Use of medicated feed was most common in intensive
production, especially of pigs. There was no generally valid economic rationale for farmers to prefer a
specific way of administering oral VMPs, through either feed or water — cost varied depending on the
pricing strategy of the manufacturer, active substance and member state. There was no indication that
different ways of administering oral VMPs led to significant differences regarding user safety, public
health (AMR was not directly addressed) and environmental safety if handling instructions were
properly observed. If the latter cannot be guaranteed, then the claimed advantage of medicated feed
is that it ensures homogeneity and stability of the active substance, reduces the risk of dosing errors
and limits the number of people exposed to the concentrated VMP. Other factors mentioned that may
influence the effectiveness of treatment relating to the route of administration included perceptions
around effectiveness (e.g. sick pigs may continue to drink after they have stopped feeding) availability
of equipment (e.g. dosing pumps for water systems) and storage constraints.

The importance of ensuring the homogeneity of antimicrobial distribution in medicated feed, and of
use of appropriate drug delivery systems for administration in water are emphasised in the EC PUAVM
Guidelines. In addition, factors such as the lower doses of antimicrobials used in medicated feed, the
prolonged periods of administration (sometimes through habitual use rather than real need), cross-
contamination in feed mills, delivery vehicles and farm storage and the under-dosing resulting from
inappetance and weakness of sick animals should be taken into account (Van Miert, 1983; Almond and
Monahan, 2000).

The EC concluded that Directive 90/167/EEC is out-dated, and noted that due to divergences in
national implementation, use of MFS varies greatly between member states. As part of an impact
assessment that was conducted by the EC to support revision of this Directive, among other issues it
was identified that there was inconsistency around national requirements relating to the quality of
manufacture of MFS in terms of homogeneity of mixing and carry-over of antimicrobials from
medicated feed to plain feed. Lenient requirements in this regard can increase the risk for
development of AMR due to subtherapeutic dosing and unnecessary exposure to antimicrobials. A
study conducted in the Netherlands analysed samples of ‘flushing feeds’ and found that 87%
contained levels of antimicrobial in the same range as levels previously used for growth promotion
(Stolker et al., 2013). In addition, where requirements are overly strict, use of medicated feedstuff
may be replaced by oral powders (top dressing) with the potential for even less precise dosing.
Stakeholder consultation identified a desire for concrete EU-harmonised measures to be taken.

A new Regulation on the manufacture, placing on the market and use of medicated feed is
undergoing legislative process in the EU and will include measures to tackle AMR. These include
addressing preventive use, establishing limits for ‘carry-over’ and tightening of the provisions for
prescribing and handling of medicated feed containing antimicrobials.

Within the EC’s impact assessment? it is commented that the evolution of the quantities of
antimicrobials and the quantities of medicated feed used in the EU shows that the decision to use
therapeutic antimicrobials is independent of the availability of medicated feed. Therefore, it is stated
that specific restrictions on medicated feed do not lead to a reduction in the use of antimicrobials as
products with alternative methods of administration are available in place. In Germany, production of
medicated feedstuffs is very low due to their stringent regulation under pharmaceutical law, introduced
in 2006. This did not lead to an overall decrease in antimicrobial use in Germany in the associated time
period to 2008. In 2014, overall sales of oral formulations made up 94% of total antimicrobial sales
(mg/PCU) in Germany, with oral powders and oral solutions being used in place of premixes
(see Figure 3) (EMA ESVAC, 2016).

Examples of orally administered antimicrobial formulations commonly available in the EU are given
in Appendix H. Other than cephalosporins, all classes of antimicrobial that are categorised as
veterinary CIAs by the OIE?® are available as oral formulations suitable for group treatments. Most

22 proposal for a Regulation of the European Parliament and of the Council on the manufacture, placing on the market and use
of medicated feed and repealing Council Directive 90/167/EEC. Available at: http://ec.europa.eu/transparency/regdoc/rep/1/
2014/EN/1-2014-556-EN-F1-1.Pdf

23 Available at: http://www.oie.int/doc/ged/D9840.PDF
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classes are available as premix, oral powder and oral solutions for drinking water. Examination of the
SPCs suggests that premix formulations of macrolides, pleuromutilins and aminoglycosides are
authorised for long treatment durations of up to 3-4 weeks, primarily for treatment of enteric diseases
(in various species) and pneumonia in pigs.
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Figure 3: Oral solutions, oral powders and premixes as percentages of total sales, in mg per
population correction unit (mg/PCU), of veterinary antimicrobial agents for food-producing
animals, including horses, in 29 European countries for 2014

3.2.3.2. Findings from recent ESVAC data in relation to oral antimicrobial medication

According to the ESVAC data for 2014 (EMA ESVAC, 2016), across the 29 European countries
included, oral formulations accounted for 91.6% of all antimicrobial use in food-producing animals
(mg/PCU). Premixes accounted for 42.1% of total antimicrobial sales, oral powders 31.7% and oral
solutions 17.8%. Oral formulations of tetracyclines and penicillins alone constituted 32.6% and 22.8%,
respectively, of the total antimicrobial sales for food-producing animals.

There were no formulations of 3rd- and 4th-generation cephalosporins applicable for oral group
treatment. Although 76.0% of fluoroquinolones were sold as oral solutions, which are mostly used for
group treatment, total fluoroquinolones, make up only 1.9% of administered antimicrobials used in
food species. Polymyxins (mostly colistin, administered orally) accounted for 6.6% of administered
antimicrobials.

There is much variability between EU countries in the proportions of premixes, oral powders and
oral solutions sold, which may reflect species distributions and national policies. For example, in
Germany, production of medicated feedstuffs is very low (< 0.5% of total mg/PCU) due to stringent
regulation (see above). In Iceland and Norway, use of oral formulations overall is low (6% and 15% of
total sales, respectively), reflecting the smaller population proportion of pigs and poultry in those
countries (9% and 11% of the PCU); whereas in countries with a higher proportion of these species
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such as Spain (59%) and Portugal (55%) oral formulations predominate (96% and 95% total sales,
respectively (EMA ESVAC, 2016)).

3.2.3.3. Issues associated with use of oral formulations and the development of AMR

There are particular difficulties that arise in the antimicrobial treatment of intensively reared
livestock due to the potential for a high environmental pathogenic load and rapid spread of infection.
Under these circumstances, herds/flocks, rather than individuals, have to be treated to control disease
outbreaks and metaphylaxis is common place. Oral formulations are most often used for reasons of
practicality of administration, particularly in pigs, poultry and veal calves. They are not suitable for use
in adult ruminants due to inactivation of the antimicrobial by ruminal microorganisms and also because
these animals tend to be reared under more extensive conditions. In accordance with modern
principles, the antimicrobial dose is optimised in terms of the PK/PD relationship in order to maximise
efficacy and limit the development of resistance in target pathogens. For concentration-dependent and
time-dependent antimicrobials where Cmax/MIC and AUIC (area under the inhibitory curve) are critical
indices, the oral route of administration is not ideal. For antimicrobials administered as mass
medication, population PK/PD can be used when establishing dose regimens to further take account of
the interanimal variability that occurs due to the impact of husbandry factors on antimicrobial intake.
The duration of treatment is usually based on empirical clinical factors and will be affected by the
ability of the animal to develop an immune response. In a review by (Martinez et al., 2012), it was
concluded that in most situations it is the exposure achieved during the first dose that is relevant for
determining therapeutic outcome of an infection, that therapeutic interventions should be initiated as
soon as possible to minimise the bacterial burden at the infection site and that the duration of drug
administration should be kept as brief as clinically appropriate to reduce the risk of selecting for
resistant [target pathogen] strains. In human medicine, there is evidence that when immunity to
infection can be expected, shorter treatment durations that reduce selection for resistance without
interfering with clinical outcome are likely to be optimal (Geli et al., 2012). These requirements do not
fit comfortably with administration of medicated feeding stuffs, which take time to be manufactured
and delivered through storage bins, and when feed is supplied on a set-timed basis. For this reason,
in-feed medication tends to be used for preventive and metaphylactic purposes, and duration of
application may be prolonged to a few weeks (see Appendix H). Water medication is used more
frequently in the early/acute stages of disease outbreak due to greater flexibility of dose adjustment
and because sick animals may often continue to drink normally when their appetite is suppressed;
such medication can be less convenient if appropriate administration equipment is unavailable
(Pijpers et al., 1991).

Oral formulations have the disadvantage that they generally result in higher exposure to the
antimicrobial of the gastrointestinal microbiome, which acts as a potential source of resistant bacteria
and resistance determinants of significance to human health. This is especially the case for substances
with low oral bioavailability; although the mode of excretion varies between drugs and parenterally
administered drugs can exposed the intestinal microbiota if they are excreted in the gut lumen as
active compounds (Toutain et al., 2016). The impact of the dosing regimens on selection of resistance
in gut commensals is rarely investigated as part of the dossier for Marketing Authorisations. In
rodents, experiments have clearly established resistance in E. coli to be substantially more efficiently
established in the gut following the oral route of administration for different types of antimicrobials
(Zhang et al., 2013). Wiuff et al. (2003) found no significant difference in resistance development in
experimentally S. Enterica-infected pigs between intramuscular administration of enrofloxacin and oral
administration. Cattle treated for bovine respiratory disease showed a significantly higher percentage
of resistant E. coli following oral administration compared to a subcutaneous treatment at day 14 after
initiation of the trial (Checkley et al., 2010), although a dilution effect washed out this difference prior
to slaughter. A recent systematic review (Burow et al.,, 2014) concluded that orally administered
antimicrobials increase the risk of the development of resistance in E. coli from swine, although it was
noted that more research is needed into the impact of dosage and the longitudinal effects of
treatment. Carriage of MRSA in pigs in positive herds and MDR E. coli and Pasteurellaceae in cattle
have been found to be associated with group antimicrobial treatments (Dorado-Garcia et al., 2015a;
Catry et al., 2016).

3.2.3.4. Observations from MSs reported in literature

In a survey of farrow-to-finish pig farms in Spain, conducted in 2010, the most used antimicrobial
per farm, administration route and production stage was colistin by feed, followed by B-lactams by
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feed both during the growing and preweaning phases. Preventive treatments were employed on 96%
of the farms, for which feed was the most frequently used administration route. Long treatment
durations were noted for in-feed treatments, ranging from three to 60 days. The mean number of
days of exposure to antimicrobials (including zinc oxide) during the lifespan of a pig was 44 days and
it was highlighted that feed is the route that produces the highest antimicrobial exposure (Moreno,
2014b). A survey was conducted in 2010 to investigate preventive and metaphylactic use of
antimicrobials in Belgian fattening pig herds (Callens et al., 2012). Similarly, this showed that
preventive group treatment was applied to 98% of the included herds and accounted for 93% of
group treatment. The treatment index (the number of pigs per 1,000 that is treated daily with the
animal daily dose, ADDg) for oral therapy was 183.5, compared to 52.3 for injectable therapy,
although compared to a previous study in 2003, a shift was noticed to use of long-acting injectable
treatments. The most frequently used group oral treatments were colistin (30.7%) (for post-weaning
E. coli infections) and amoxicillin (30.0%) (for prevention of streptococcal infections). Orally
administered group treatments were under-dosed in 47.3% of administrations. Persoons et al. (2012)
noted the potential for under- and over-dosing of oral treatments in broiler production. The authors
noted that the findings indicated a need for clearer information about correct dosing and a reduction
of group level preventive antimicrobial use. It was further noted by Callens et al. (2012) that human
CIAs were used on a regular basis to treat fattening pigs, and that the shift from older orally
administered compounds to newer injectable, long-acting compounds should be assessed for the
impact on AMR trends in organisms of relevance to public health.

3.2.3.5. Measures taken by individual MSs

In Sweden, only 10% of the overall antimicrobial consumption (in kg) is for group treatments
(premix, oral powder, oral solution) (Public Health Agency of Sweden and SVA, 2015). Antimicrobials
for oral medication of groups of animals are mostly used for pigs and by 2014 consumption (kg) had
decreased by 55% since 2010. The Swedish national strategic programme against antimicrobial
resistance focuses on reducing the need for antimicrobials by disease prevention and infection control
and correct use of antimicrobials through diagnosis and prudent use. Programmes to eradicate swine
dysentery are thought to have contributed to a 64% reduction (in kg) in the use of pleuromutilins
between 2010 and 2014. A decrease in 55% in the use of macrolides over the same period is thought
to reflect improved knowledge of the management of secondary infections in herds affected by PMWS
and the introduction of vaccination programmes. The overall consumption of antimicrobials (mg/kg
slaughtered pig) has been stable over the 5 years as the consumption of products for individual
medication has increased (tetracyclines, trimethoprim-sulfonamides) with benzylpenicillin by far the
most commonly used substance. The shift from group medication towards medication of individual
animals with narrow spectrum substances is consistent with prudent use principles, which have been
developed in species-specific treatment guidelines by the Swedish Veterinary Association and Medical
Products Agency. Since 1990, the Swedish Veterinary Association adopted guidance for prescription of
veterinary antimicrobials for group medication with particular emphasis on weaners (SVS, 1990).
According to this guidance, prescription of antimicrobials for mixing in feed or water should be coupled
with a thorough herd investigation and written recommendations on changes needed for prevention of
recurrent disease.

According to the ANSES report on sales of veterinary antimicrobials in France (ANSES, 2013),
premixes made up 36.9% of antimicrobial sales (tonnes) and 44.9% were oral powders and solutions.
In terms of bodyweight treated, this equated to 16% for premixes and 50% for oral powders and
solutions. Over the preceding 5 years, overall exposure to antimicrobials (as measured by Animal Level
of Exposure to Antibiotic — ALEA - relating to the proportion of animals treated in relation to the total
population) decreased by 15.7%, with exposure via premixes falling by 45.9%, and via oral powders
and solutions by 13.9%. Exposure via injections increased by 9.4% over the same period. When
analysing group treatments (premixes, oral powders and oral solutions) by ALEA, rabbits were the
highest consumers (2.70), followed by veal calves (2.63), poultry (1.12) and pigs (0.96). Based on the
ALEA, there was a decrease in exposure over the preceding 5 years of 30% for rabbits, 25% for pigs,
12.3% for poultry and 0.2% for cattle. ESVAC (EMA ESVAC, 2015b) notes that the greatest reduction
in consumption has been in species sectors where voluntary actions have been initiated, but links the
decrease in overall sales of antimicrobials in France on implementation of the French national action plan
in 2011. This plan proposes measures for improved procedures for prescription, especially regarding the
prescription without clinical examination of livestock and adherence to prescriptions by manufacturers of
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medicated feed. It proposes collection of more detailed information from manufacturers of medicated
feed, particularly in relation to use of antimicrobials for preventive purposes.

In Denmark in 2013, sales of oral formulations made up 65% of total sales of antimicrobials
(mg/PCU) according to ESVAC data. Pigs made up 43% of the live biomass (kg) and consumed 76%
of antimicrobials (DANMAP, 2014). In June 2014, the Danish Food and Veterinary Administration
introduced new legislation aimed at improving the effectiveness of mass medication for pigs. This
requires veterinarians to take diagnostic samples for testing at an approved laboratory when
prescribing orally administered antimicrobials for the treatment of gastrointestinal or respiratory
infections. Treatment should then be re-evaluated if necessary in light of the findings. VMPs can only
be prescribed in connection with a visit to the farm and repeated visits are required for continued use.
DANMAP 2015 reported that antimicrobial use for treatment of groups of pigs decreased by 17%
between 2014 and 2015, but attributed this also to a reduction in the threshold levels for the Yellow
Card initiative (DANMAP, 2016). A study of pig farms in Denmark showed an increase in the total
amount of antimicrobial prescribed when moving from feed to water medication, but this may have
been due to an increase in the number of animals treated due to the change from pen-level to sector-
level treatment (Fertner et al., 2016).

In Belgium, AMCRA (the Center of Expertise on Antimicrobial Consumption and Resistance in
Animals, supported by government food and medicines agencies, agricultural organisations,
pharmaceutical industry and academia) has the objective to reduce the use of antimicrobials in
medicated feed by 50% (compared to 2011 reference) by 2017, and to ensure that medicated feed is
prescribed only by the veterinarian who establishes the health plan for the farm (AMCRA 2020 vision
statement). In 2011, 90% of sales of antimicrobials (mg/PCU) in Belgium were oral formulations,
although only 19% were premixes (ESVAC) and this may limit the impact of the measure. In 2013,
AMCRA produced guidelines in which antimicrobials are colour-coded according to their importance for
human health. According to BelVetSac (2015), there has been a 15.9% reduction (mg/kg biomass) in
antimicrobial use overall and 14.7% reduction in antibacterial premixes compared to 2011. More than
99.6% of antimicrobial premixes go into pig feed. In 2012, a temporary authorisation was introduced
to allow use of zinc oxide for the treatment of post-weaning diarrhoea in piglets and it is inferred that
over 70% of piglets were treated. This has been linked to a substantial, although lesser than
expected, reduction in the use of polymyxins (almost entirely colistin) over this period.

NEVEDI, the association of Dutch Feed Producers, voluntarily stopped producing antimicrobial
medicated feed in 2011 due to concerns about difficulty in predicting carry-over levels even when
using GMP procedures.

In the Czech Republic a national legal provision (Act No 378/2007) stipulates that medicated feeds
may be mixed in licensed feed mills only on the basis of a veterinary prescription, which must specify
the animal species/category and treatment course, and provide exact information on the proper mixing
and use of the medicated feed. Rules for self- and official checking of the quality of mixing, and rules/
limits on cross-contamination, are also set. Off-label use of premixes is banned under the national legal
provision. From 2007 there has been a reduction in use of antimicrobials in premixes from 25.4 tonnes
(active substance) to 8.2 tonnes in 2015.%*

Concluding remarks

e Oral administration is of particular concern in terms of promoting the development of AMR due
to the high exposure of gastrointestinal commensal bacteria, and the sometimes prolonged
duration of treatment/exposure. Parenteral administration may also expose the intestinal
microbiota if the antimicrobial is excreted in an active form into the gut lumen.

¢ A new Regulation on the manufacture, placing on the market and use of medicated feed is
undergoing legislative process in the EU.

e According to ESVAC data for 2014, oral formulations accounted for 91.6% of all antimicrobial
use in food-producing animals in the EU (mg/PCU). Premixes accounted for 42.1% of sales and
oral powders 31.7%. This demonstrates the importance of focusing reduction measures on oral
formulations.

e There is much variability between EU MSs in the proportions of premixes, oral powders and
oral solutions sold, which may reflect species distributions and national policies.

e Oral formulations of tetracyclines and penicillins constituted 32.6% and 22.8%, respectively, of
the total antimicrobial sales for food-producing animals.

24 The Czech Republic Institute for State Control of Veterinary Biologicals and Medicines, see: www.uskvbl.cz.
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e In terms of the highest priority CIAs, there are no formulations of 3rd- and 4th-generation
cephalosporins authorised for oral group treatments. Fluoroquinolones, which are available for
oral administration via drinking water made up only 1.9% of administered antimicrobials
(mg/PCU). Polymyxins (colistin) are available as both premix and oral solution formulations for
group treatment and made up 6.6% of antimicrobials used. Recommendations have been
made recently to restrict its use (Section 3.2.2).

e A shift has been noted in recent years from use of oral formulations to long-acting injections
(e.g. macrolides) in pigs.

e For practical reasons, premix formulations are more often used for systematic prevention or for
metaphylaxis of disease and treatment durations tend to be prolonged. Oral solutions tend to
be used for shorter periods to treat acute disease outbreaks.

e Oral formulations are mostly used for treatment of veal calves, pigs and broilers.

e Factors such as the lower doses of antimicrobials used in medicated feed, the risk of under-dosing,
prolonged periods of administration and cross-contamination in feed mills, delivery vehicles and
farm storage may increase the risk of AMR development associated with in-feed antimicrobials.

e In Sweden, a reduction in the use of oral medication in pigs and shift to individual animal
treatment has been achieved through a national programme focusing on infection prevention
and control programmes, vaccination against endemic diseases, improved diagnosis and use of
species-specific treatment guidelines.

e In France, measures in the national action plan including increased emphasis on clinical
examination prior to prescribing and closer adherence to prescriptions by medicated feed
manufacturers have been effective, alongside voluntary species sector initiatives.

e Measures to improve diagnosis and veterinary oversight of prescribing of oral formulations for
pigs have been implemented in Denmark, but it is too early to assess their impact.

Recommendations

e Dosing regimens for older antimicrobials that may have been established prior to development
of newer PK/PD concepts may need review. Attention should be paid to the justification of the
treatment duration.

e Further research is needed into the impact of dosing regimens and different formulations on
development of AMR in commensal organisms.

e Greater oversight of the use of antimicrobials in oral formulations should be considered. This
includes:

— The need for veterinary clinical examination of animals prior to each prescription.

— Treatment should not be prolonged beyond clinical/bacteriological necessity.

—  Clear dosing instruction should be provided in the SPC and by the veterinarian to ensure
accurate dosing.

Further relevant recommendations are included in the subsection on Prevention, Prophylaxis and
Metaphylaxis (see Section 3.3.6).

3.3. Measures taken at national level

Measures taken at national level are mostly based around MSs’ individual strategies and action
plans and are focused on:

e Measures to limit the use of antimicrobials (e.g. targets, benchmarking, controlling distribution
channels, taxation)

e Measures encouraging the responsible use of antimicrobials (e.g. treatment guidelines,
education)

Although national action plans and surveillance and monitoring of antimicrobial use and AMR do
not, per se, reduce antimicrobial use or AMR, it is essential that a strategic approach is taken and that
there are the means to evaluate the impact of the direct measures taken.

3.3.1. National Action Plans

When the WHO adopted its global action plan on AMR in May 2015, it indicated the expectation
that countries would have in place their own multisectoral national action plans by 2017. The WHO in
conjunction with the FAO and OIE have developed a manual to assist countries in preparing and
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updating their operational national action plans so that they support the strategic objectives of the
global action plan (WHO FAO and OIE, 2016).

e to improve awareness and understanding of AMR through effective communication, education
and training

e to strengthen the knowledge and evidence base through surveillance and research;

e to reduce the incidence of infection through effective sanitation, hygiene and infection
prevention measures;

e to optimise the use of antimicrobial agents in human, animal and plant health; and

e to develop the economic case for sustainable investment, taking into account the needs of all
countries, and to increase investment in new medicines, diagnostic tools, vaccines and other
interventions.

Emphasis is placed upon the need for action plans to take a ‘One Health’ approach, supporting
strong collaboration between the key sectors: human health, animal health, agriculture, finance,
environment and consumers, in order to avoid disjointed outcomes. An assessment should be
undertaken of the resources needed for implementation of the plans and political commitment is
required to secure long-term financial investment. It is suggested that plans are implemented
incrementally and that they build step-wise on any existing systems. A programme for monitoring and
evaluation should be part of the plan.

The need for EU MSs to develop national strategies or action plans was supported in the EU Council
conclusions of 29 May, 2012. Many MSs now have action plans which follow a ‘One Health” approach,
albeit with focus in specific sections on human or veterinary antimicrobial use.

The key elements included within most the EU national plans are:

e Communication, education and training: this includes both training at the professional and
animal keeper level, and raising of public awareness.

e Ensuring effective monitoring and surveillance programmes for antimicrobial use and AMR in
humans and animals.

e Encouraging responsible antimicrobial use: development of national treatment guidelines;
encouraging development and use of diagnostic tests; limiting preventive use; improving the
oversight of prescribing for herd/flock treatments in particular

e Limiting the use of CIAs

e Improving animal health and disease prevention, e.g. through biosecurity, hygiene measures
and vaccination.

e Promoting research into AMR, development of novel antimicrobials and alternative treatments.

e Establishing a multisectoral network to implement and monitor the action plan.

e Strengthening international collaboration.

As advised in the EC PUAVM Guidelines, the national strategies and action plans should take into
account national animal production and local patterns of antimicrobial availability and resistance. For
example, in Denmark, the Joint Antibiotic Resistance Action Plan identifies a need to address MRSA in
the pig population, proposing funding to be allocated to the identification of herd-related risk factors to
support a risk management strategy, and a coordination group to be established for zoonotic MRSA to
improve communication to doctors and households in contact with pig herds. The Norwegian National
Strategy against Antibiotic Resistance 2015-2020 has animal sector goals to prevent the establishment
of LA-MRSA in the pig population and to reduce ESBL-producing bacteria in poultry to a minimum.
Some national strategies include risk-based targeting.

Recommendations

e All MSs should have national strategies on AMR that are implemented through action plans.

e National strategies/action plans should be developed taking into account the ‘One Health’
aspects of AMR to integrate actions on veterinary and human side. They should be tailored to
the local circumstances (e.g. actual use of antimicrobials, AMR levels, animal species farmed
and livestock production systems, environmental conditions, etc.).

e All sectors throughout the food chain should be involved collaboratively in the development
and implementation of national action plans

e Action plans should be regularly reviewed and monitored for effectiveness. With time, the
objectives should be tailored to address the national AMR situation.
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e Lessons should be learned from national examples of success in sustainably reducing
antimicrobial use.

3.3.2. Monitoring and surveillance programmes for AMR and antimicrobial use
3.3.2.1. National AMR surveillance programmes

In addition to compulsory surveillance of AMR carried out in compliance with CD 2013/652/EU,
various EU MSs have implemented national surveillance programmes for monitoring resistance in
zoonotic and indicator bacteria from animals, and animal pathogens, e.g. Finland (FINRES-Vet), France
(Résapath), and Spain (VAV Network). Silley et al. (2011) highlight that changes introduced into
surveillance schemes, particularly the use of epidemiological cut-off values (ECOFF) values rather than
clinical breakpoints, and lack of standardisation in definitions of ECOFFs, can lead to misinterpretation
of trends in resistance development. Other than for those aspects designed for the purpose of
compulsory EU surveillance, there is no uniform methodology across national AMR surveillance
programmes for sampling, antimicrobial susceptibility testing (AST) or the interpretive criteria for
defining resistance (Silley et al., 2012). Harmonisation of monitoring programmes has been identified
previously as an urgent need for the EU to optimise use of data in risk assessment and development
of risk management measures (Silley et al., 2011). Requirements for surveillance programmes have
been published by the OIE in the Terrestrial Animal Health Code (chapter 6.7) and the need for
national surveillance programmes was reinforced in the WHO global action plan (WHO, 2015).

Some EU MSs produce integrated reports that include resistance data from human and veterinary/food
isolates and antimicrobial use data, e.g. Denmark (DANMAP), Germany (GERMAP), the Netherlands
(NethMap, MARAN), Norway (NORM, NORM-VET), Sweden (Swedres-Svarm) and the UK (UK ‘*One Health’
Report).

The UK ‘One Health” Report, which was published for the second time in 2015, highlighted several
limitations in the resistance data collated: differences in methodologies used for susceptibility testing
and the lack of a standardised panel of antimicrobial agents. In addition, there were differences in the
way in which data on antimicrobial use were collected between the human and animal sectors. It was
noted that the variation in methods of data collection prevented meaningful comparisons and this
highlighted the need for good collaboration in the development of surveillance programmes between
human and animal sectors. In the UK surveillance programme, samples from animals are obtained
both from clinical surveillance, as part of the National Control Programme for Salmonella in poultry and
under EU harmonised monitoring (CD/2013/652/EU). For veterinary isolates from England, Scotland
and Wales, susceptibility testing was performed either in accordance with EFSA’'s requirements for
the EU harmonised programme, or according to British Society for Antimicrobial Chemotherapy
(BSAC) methods. Both EFSA's ECOFFs and BSAC clinical breakpoints were used for interpretation and
reporting.

In Denmark, DANMAP, was established in 1995 by the Danish Ministry of Health and the Ministry of
Food, Agriculture and Fisheries. AMR is monitored in three categories of bacteria: human and animal
pathogens, zoonotic bacteria and indicator bacteria that have been isolated from humans, food-
producing animals and food of animal origin. Samples are obtained from healthy animals at slaughter
and diagnostic submissions, meat at the abattoir and from retail outlets, and from human clinical
isolates. For DANMAP 2014, samples from broilers were collected at slaughter according to CD
2013/652/EU for testing of indicator E. coli Campylobacter spp. and enterococci. Salmonella isolates
were obtained from random sampling of healthy pigs at slaughter, but due to the low number of
isolates from broilers and cattle, data on Sal/monella from these species were not presented. Data
were interpreted using the EUCAST ECOFFs in most instances. DANMAP also monitors consumption of
antimicrobial agents in order to study associations between consumption and resistance and to identify
transmission routes and requirements for further research. The report from DANMAP 2014 includes the
findings of two studies: a report investigating the zoonotic link between carbapenemase- and
ESBL-producing E. coli from meat and human bloodstream infections, and a survey on the prevalence
of LA-MRSA in Danish pig herds and in humans. The findings from the DANMAP programme have been
used to monitor the impacts of policy interventions (Hammerum et al., 2007). For this purpose, a
sufficiently long period of surveillance using standardised methodology is required.

The Swedish report, Swedres-Svarm, is prepared by the Public Health Agency of Sweden in
collaboration with the National Veterinary Institute, with the aim of following a ‘One Health’ approach.
Bacterial susceptibility data are collected from several sources including national monitoring
programmes. For screening of indicator E. coli (including for ESBLs), samples are collected from
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healthy pigs, cattle and broilers at the abattoir. Samples from pigs and cattle are also screened for
Campylobacter spp., while samples from broilers are collected under the Swedish Campylobacter
programme. For Salmonella, clinical isolates in addition to isolates obtained under the Salmonella
surveillance programme are tested. The ECOFF values issued by EUCAST or by EFSA are used for
interpretation of MICs in most instances (Public Health Agency of Sweden and SVA, 2016). The report
from 2014 provided a summary of a joint project conducted between 2009 and 2014 to investigate
food as a potential source and dissemination route for ESBL-producing E. coli to humans. The study
used samples collected from food-producing animals, foodstuffs, healthy humans, seriously ill patients
and the environment. It was concluded that food on the Swedish market contributed little to the
occurrence of ESBL-producing E. coli in the healthcare sector, and that there were three separate
populations of genes encoding ESBL: one in Swedish food and farm animals, one in imported food,
and one in humans and the environment.

The DANMAP and Swedres-Svarm reports demonstrate that data collected through integrated
national AMR surveillance can be of considerable value for investigating sources of resistance and
transmission between different reservoirs. Such links are more difficult to make on data collected at
the EU-wide level, and absence of truly integrated national surveillance programmes, especially those
providing sufficient longitudinal monitoring for identification of trends, is a data gap in many EU MSs.
As noted by the WHO, the purpose of integrated surveillance is to guide policy development across the
sectors and ensure that control measures are implemented in areas most likely to have an impact on
public health (WHO, 2011). Integration in the WHO-net for antimicrobial resistance should be
considered at a global level.

The considerable time gap between data collection and reporting, which could interfere with rapid
implementation of investigations and interventions, is problematic. To overcome this hurdle, the
process of collection, validation and reporting should be as real-time as possible and at the level of
detail required for meaningful action to be taken.

Concluding remarks

e Beyond data collected under the EU harmonised monitoring (Decision 2013/652/EU), a lack of
standardisation within surveillance programmes and harmonisation of national AMR surveillance
programmes across the EU may limit their usefulness in risk assessment and for risk
management across countries.

¢ In individual countries integrated systems that allow analysis of data from humans, animals
and food have been shown to be valuable for demonstrating dissemination of AMR between
the different reservoirs, identifying research needs, supporting policy development and
evaluating the effectiveness of interventions.

e The absence of a truly integrated European network, especially providing significant
longitudinal monitoring, is a data gap.

Recommendations

e MSs should be strongly encouraged to develop AMR surveillance systems that allow integrated
analysis of data from animals, food and humans and which give scope for the investigation of
dissemination of AMR between the different reservoirs.

e Building upon programmes already in place to comply with Directive 2003/99/EC, MSs should
collaborate to develop AMR surveillance programmes that are harmonised across the EU.

e Data should be as much as possible consultable via an open data policy to encourage
research, including retrospective analysis.

3.3.2.2. Monitoring of antimicrobial use at national level, on farms and by prescriber

In Europe, 29 countries provided their antimicrobial sales data for 2014 to ESVAC. In addition to
provision of data to the ESVAC project, the EC PUAVM Guidelines recommend that MSs collect data on
use by animal species and age group. These databases are a vital tool that underpins the
benchmarking of antimicrobial use, for measuring the effectiveness of reduction of use policies and
ultimately, when analysed in conjunction with AMR monitoring data, for making inferences about the
impact of antimicrobial use on AMR.

Denmark

Structured approaches to monitoring antimicrobial use and bacterial resistance were introduced in
Denmark to overcome vested interests among farmers and veterinarians that previously incentivised
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liberal use of routine medication to enhance productivity in the face of intensified production and
consequent endemic disease (Wielinga et al., 2014). In the early 1990s, Denmark documented a rapid
increase in the use of antimicrobial agents and an increase in antimicrobial-resistant bacteria causing
disease in animals. The findings of high levels of vancomycin-resistant Enterococcus (VRE) bacteria in
chickens from farms using avoparcin as an AGP and the similar increase in VRE in humans led to the
realisation among Danish authorities and farmers that a better understanding was needed of the
effects of the use of antimicrobials in humans and animals. DANMAP (see above) was established to
follow the impact of withdrawing antimicrobial growth promoters in the pig and poultry sectors
between 1997 and 2000, but more broadly to monitor antimicrobial consumption and study its
association with AMR in animals and humans. It was established as a collaborative effort of all
stakeholders involved in the farm-to-fork chain, including commercial and public, and human and
animal health sectors.

The veterinary medicines database VetStat was established in 2000 to monitor antimicrobial
consumption and is hosted by the Danish Veterinary and Food Administration. Veterinarians, feed mills
and pharmacists send information electronically to VetStat, which includes the supplier and prescribing
veterinarian identity, farm-identity, name of product, quantity prescribed and administered, animal
species, age group and diagnostic group. Consumption is recorded as ‘defined animal daily doses’
(ADD), a statistical unit defined for each age-group and species of animal, which is independent of the
potency of the drug (Jensen et al., 2004a). Some caution needs to be exercised when interpreting the
data as account may need to be taken of changes in animal populations over time. The development
of this system was facilitated in Denmark by a well-functioning and integrated infrastructure around
livestock production.

By 2006, with 11 years of data, DANMAP was able to demonstrate a marked decline in the
occurrence of vancomycin-resistant Enterococcus faecium (VREF) in broiler chickens as a result of the
ban on use of avoparcin as an AGP. Similarly a reduction of VREF in pigs was observed after macrolide
use for growth promotion in this species was stopped, and by 2007 only three VREF isolates were
identified out of 485 samples taken from humans since 2002. Likewise, the impact of the ban on
virginimycin was shown on carriage of streptogramin-resistant E. faecium in broilers and pigs
(Hammerum et al., 2007). VetStat drew attention to the high use of fluoroquinolones in animal
production, supporting a regulation to restrict its use, and of antimicrobials generally in pig production
resulting in the development of guidelines on prescribing (see Section 3.3.4). The establishment of the
DANMAP and VetStat systems has provided information to support veterinary risk assessment through
centralised systems for monitoring AMR in food, animals and humans and for monitoring antimicrobial
prescribing and use (Hammerum et al., 2007). By bringing transparency and independence to these
processes, it has supported evidence-based policy making which has been broadly accepted by
stakeholders (Wielinga et al., 2014).

The Netherlands

In 2010, the independent Netherlands Veterinary Medicines Authority (SDa) was set up to collect
data on antimicrobial consumption on farms, establish benchmark indicators for the individual major
livestock sectors and analyse trends in consumption. The SDa is a public-private partnership between
government, stakeholders from the major livestock sectors (pigs, broilers, veal calves and dairy cattle)
and the Royal Dutch Veterinary Association (KNMvD). Veterinarians enter prescription information in a
Practice Management System and this is transferred to a central database. The information includes
veterinarian and farm details, quantity supplied and animal species treated. Data are then transferred
to databases held by private livestock quality assurance systems. The sectors calculate consumption as
the number of days per year on a farm that animals have been administered antimicrobials. The data
show that large differences in consumption exist between different livestock sectors and farm
categories, highlighting that data are needed on consumption per species in order to adequately
compare countries (Bos et al., 2013).

Belgium

In Belgium, Belpork is a non-profit organisation that manages the quality label ‘Certus’ for pig
producers. From 1 January 2014, Belpork launched an online antimicrobial monitoring programme ‘AB
Register’” which covers 60% of the pig farms (75% of the pig population) in Belgium. Data are
provided to the register by veterinarians, feed producers and pharmacists; pig producers are then able
to access reports including a benchmarking of their antimicrobial use against other producers. Data
analysis is to be provided by AMCRA, and will be linked to resistance surveillance. Through their
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specific scheme, the Certus quality label obliges the highest users to establish measures to reduce
their use. A national data collection system for pigs, broiler chickens, layer hens and veal calves is
expected to be in place in Belgium by mid-2016. The input of the data in this system will be
mandatory and provided by the veterinarians. The data will be used to benchmark at the level of the
veterinary practice and at the farm level. The development of the national data collection system and
the analyses of the data are financed by supplementary taxes on the sales of veterinary antimicrobials.

France

In France, the French agency for veterinary medicinal products (ANSES-ANMV) began monitoring
sales of veterinary antimicrobials in 1999. This surveillance is based on the recommendation of the OIE
guideline on ‘monitoring of the quantities and patterns of use of antimicrobials agents used in food-
producing animals’ from the terrestrial animal health code. It is carried out in conjunction with the
French Union for the Veterinary Medicinal Product and Reagent Industry (SIMV), based on the annual
reporting of antimicrobial sales by the pharmaceutical industry and their estimate of use per target
species. New legislation adopted in September 2014 by the French government introduced a
mandatory reporting of antimicrobials sales by pharmaceutical companies and those entitled to
dispense antimicrobials.

Spain

In Spain, an on-line-platform ESVAC-ES (European Surveillance of Veterinary Antimicrobial
Consumption, Espana) has been set up to collect prescription data from individual farms and
veterinarians. This system will be mandatory. The data will be used to benchmark and to set annual
targets for antimicrobial use in the different major livestock sectors, including species-specific
benchmark indicators that will differentiate between low, moderate, high and very high users (farmers)
and prescribers (veterinarians).

Germany

In Germany a project was undertaken to investigate how best to record the quantity of
antimicrobials used in food-producing animals (German antimicrobial resistance strategy, DART).> This
information was used to formulate a mandatory requirement for recording use, with the aim to
integrate these data in assessment of the risk of AMR development. In new legislation which came into
force in 2014 under the amended German Medicinal Products Act, data on the use of antimicrobials on
fattening farms are reported to the competent authority. Key figures on treatment rates are published
in the Federal Gazette. A benchmarking system is in place whereby every six months livestock
producers must compare their use against nationwide key figures and if necessary, in conjunction with
a veterinarian take measures to reduce use. Competent authorities have regulatory powers if
management measures on farm are ineffective. Further to this, the VetCAb project will examine a
random sample of farms to identify the main diseases and livestock sectors where antimicrobials are
being used to enable more focused reduction measures (DART 2020).%°

The United Kingdom

In the UK, the industry body AHDB Pork with assistance from the government agency, the
Veterinary Medicines Directorate (VMD), has developed an electronic medicines book to collect
accurate on-farm antimicrobial use data. The system allows farmers to fulfil their legal obligations to
record medicines use, and will allow the VMD to collect data to meet the future EU monitoring
requirements. In the longer term, the system will allow farmers to benchmark their use with
anonymised data from similar units.

The analysis of links between consumption of antimicrobials and AMR may be facilitated by
availability of data at antimicrobial class, animal species and bacterial species level. In addition,
production classes may need to be taken into account to ensure effective intervention measures (EMA
ESVAC, 2013). An important property of all data collection systems is that they use a descriptor of use
that is transparent, accurately reflects patterns of use and allows comparisons to be made between
countries and over time (Chauvin et al., 2001). A study by Dupont et al. (2016), showed that trends in
consumption figures could be heavily influenced by use of different methods for assigning Animal Daily

25 Available at: http://www.bmel.de/SharedDocs/Downloads/EN/Agriculture/GermanAntimicrobialResistanceStrategy.pdf?__blob=
publicationFile
26 Available at: http://www.bmel.de/EN/Animals/AnimalHealth/_Texte/DART2020.html
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Dose (ADD) and the chosen method of population measurement. Postma et al. (2015a) established a
‘defined daily dose animal’ (DDDA) for antimicrobial products authorised for use in pigs in four EU
countries. ESVAC has established principles for assignment of defined daily dose for animals (DDDvet)
and defined course dose (DCDvet) values for antimicrobials for use in cattle, pigs and broilers and will
start to publish use data using these measurements (EMA ESVAC, 2015a) (see section 2.1.1).

The Czech Republic

The Czech Republic has collected data on antimicrobial consumption under national legislation since
2000.%* The system provides long-term stable data and allows analysis and identification of trends in
the overall sales, as well as specific analyses at several levels (e.g. premixes). Data from wholesalers
and feed mills are provided to ESVAC, other data are used for cross validation. Based on these data
vets with highest prescription of CIAs were identified and targeted for inspections carried out in 2013
with aim to identify the underlying reasons for prescribing and to educate on more responsible
prescription.

Concluding remarks

e Systems for monitoring antimicrobial use that have been set up in some countries have usually
been initiated by governments, and then successfully implemented through public-private
partnerships involving all stakeholders in the food production chain, including the animal health
sector, industry and professional bodies and academia. Once established these systems have
been made mandatory.

e The availability of well organised livestock production quality systems has facilitated the
implementation of monitoring systems in Denmark, Netherlands and Belgium.

e Data collected at species level (at least) using a standardised unit of measurement are
necessary to allow improved comparison of antimicrobial consumption between countries and
trends over time.

Recommendations

e A common protocol should be considered which would enable a comparison of antimicrobial
consumption data between all countries and over time. A meaningful, harmonised statistic
(e.g. DDDvet) should be used in the analysis of use data.

e Data on antimicrobial use should be collected in timely fashion and preferably electronically
from prescribing veterinarians, pharmacists, producers of medicated feed and others, as
required, to enable a mechanism for external validation. Internal validation (QA) should also be
undertaken.

e Systems should be transparent with regular reporting of findings. Farmers, veterinarians and
quality schemes should have access to view their own and/or aggregated data.

e The minimum data collected should allow identification to the prescribing veterinarian, farm of
use, animal species, formulation details and quantity to allow for benchmarking and tailoring of
risk management measures. (See Section 3.3.3).

e To be of most use for tailoring risk management measures, data should be collected at the
level of animal production type and age group. Diagnostic information is also of value to help
target future treatment and to assess impacts of measures on animal health and welfare. (See
Section 3.3.3).

e Systems for monitoring antimicrobial consumption should preferably be integrated with
national (or even farm-level) surveillance programmes for AMR. This would facilitate the
establishment of an evidence base to identify the need for risk management measures/policies
at the local level and to assess their effectiveness.

3.3.3. Targets for reduction of use and benchmarking of farms

The EC PUAVM Guidelines identify that some MSs have included within their national AMR strategies
targets for the reduction of antimicrobial use.

The Netherlands

Between 1999 and 2007, the use of antimicrobials in farm animals in the Netherlands doubled
(MARAN, 2011). In addition, concerns were being raised by the medical profession and in the media
regarding the risk to public health from the livestock reservoir of resistant pathogens such as MRSA
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and ESBL-producing bacteria, leading to a loss of public confidence in the livestock industry
(Speksnijder et al., 2015c). This led the Dutch government to introduce between 2008 and 2011 a
policy for reduction and more responsible use of antimicrobials in the livestock industry. The policy was
established under an independent taskforce, the SDa (see earlier). The key elements of the policy
were (1) benchmarking of antimicrobial use, (2) improvements of herd health with clear responsibilities
for veterinarians and farmers, and (3) reduction targets for livestock production as a whole. These
targets were, relative to the 2009 level of use:

e 2011: 20% reduction
e 2013: 50% reduction
e 2015: 70% reduction

The targets were not evidence-based, and are not directed at livestock sectors and antimicrobial
classes, but reflected the need for the Dutch government to take urgent action in the face of public
pressure (Speksnijder et al., 2015c).

Sector-specific benchmark levels for antimicrobial consumption are set by the SDa. In 2011, these
targeted farms above the top 75th percentile, but they are re-evaluated annually. Data collected in
2011 showed that although most farms had a low consumption of antimicrobials, the distribution was
right-skewed with a minority of farms having very high levels of use. Farms that exceed benchmark
thresholds are required by their private quality assurance systems to reduce their antimicrobial
consumption, and if use is persistently high this is brought to the attention of the Netherlands Food
and Consumer Product Safety Authority. Further policy measures included the prohibition in law of
preventive use of antimicrobials and an initiative for the KNMvD to develop treatment guidelines.
A legal basis was created for mandatory susceptibility testing before using human CIAs.

According to the MARAN report (2015) sales of veterinary antimicrobials in Netherlands in 2014
decreased by 58.1% compared to the index year of 2009 (see also Figure 4). This is a substantial
reduction, but it has to be noted that ESVAC data indicate that sales in 2009 were relatively high, at
165 mg/PCU, compared to other EU countries. Although use of antimicrobials in food-producing
animals in the Netherlands is still high compared to Denmark, it is now low compared to other
countries with similar livestock production. Downward trends have been noted across all major species
(pigs, broilers, dairy cows and veal calves). It has been acknowledged that a critical factor in the
success of the Dutch policy was the rapid response of the livestock production industry and the
KNMvD to the sense of urgency expressed by human health care bodies and subsequently at the
political level. This supported a public-private approach to implementing reduction measures, which
was facilitated by the presence of already operational quality systems in the production chain
(Dutch Ministry of Economic Affairs, 2014). Speksnijder noted that a Memorandum of Understanding
signed by taskforce stakeholders in 2008 did not significantly reduce antimicrobial use, which did not
occur until strict government targets were imposed.

The outcomes show what can be possible, while still retaining a financially viable food industry
(Speksnijder et al.,, 2015c). There was a reduction in 2014 of 4.4% compared to 2013; use has
levelled off in most species except for poultry (increase) and dairy cattle (decrease), and it is
acknowledged that to reach the 70% reduction target by 2015 will be a challenge.

The SDa (SDa, 2016a) analysed the relationship between antimicrobial use and AMR (from
slaughterhouse sampling) based on monitoring data collected between 2009 and 2014. In regards to
the prevalence of AMR in faecal E. coli samples, the following associations were shown:

e Veal calves: 37% reduction in total antimicrobial use, 26% decline in AMR to one or more
classes

e Pigs: 54% reduction in total antimicrobial use, 22% decline in AMR to one or more classes

e Broilers: 57% reduction in total antimicrobial use, 8% decline in AMR to one or more classes

Statistically significant correlations were found between the total amount of antimicrobials used and
the prevalence of resistance in E. coli for pigs and veal calves. In many cases, antimicrobial-specific
resistance in E. coli was more strongly associated with total antimicrobial use than with antimicrobial-
specific use, and it is suggested that this could be due to co/cross-resistance.

The SDa notes that it is not yet possible to identify a level of use (threshold) below which AMR
would be reduced to background levels. It is also not yet possible to define a level of AMR in livestock,
which is considered ‘acceptable’ in terms of the risk to public health and could be used as the basis for
benchmark values. The SDa recommended that ideally AMR data collected at individual farm level on
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resistance and antimicrobial use should be combined and communicated back to the individual farmers
and livestock sectors concerned.

Dierikx et al. (2016) investigated whether the 50% reduction in antimicrobial use in the
Netherlands observed from 2009 to 2014 had led to a reduction in MRSA prevalence among Dutch
pigs at slaughter. In 2005, 39% of pigs and 81% of slaughter batches were MRSA positive. The
prevalence was still at least as high in samples taken in 2014, with all isolates belonging to the
livestock-associated CC398 strain.

A study conducted in the Netherlands (de Jong et al., 2013b) investigated the relationship between
reduction in antimicrobial use and two welfare parameters in broilers: mortality and hock burn, using
data collected under the EC Broiler Directive. There was no clear relationship and no difference
between figures for mortality and hock burn in flocks that did not receive antimicrobial treatment and
those that did. In a questionnaire sent to farmers, a large number indicated that the number of
rejections at slaughter had increased, as had the number of chickens culled on the farm, as a result of
the reduced use of antimicrobials.

The Council for Animal Matters in the Netherlands (RDA) discussed in a report published in 2016
(RDA, 2016) that there was yet insufficient scientific literature or field evidence to assess the impacts
of the Dutch policy on antimicrobials on animal health and welfare. Some concerns were raised
regarding possible increased mortality in veal calves and post-calving mastitis in dairy cows, but it was
stated that further information and objective indicators of animal welfare are needed before any the
impacts of reduced antimicrobial use can be established.
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Figure 4: Antimicrobial veterinary medicinal product sales from 1999-2015 in kg (thousands) in the
Netherlands (source: MARAN, 2016)

Denmark

As a result of detailed monitoring of antimicrobial consumption via VetStat, the Danish Veterinary and
Food Administration introduced in 2010 the Yellow Card initiative aimed at reducing antimicrobial
consumption in the (major) pig sector by 10% by 2013. The system was directed at the pig farmers that
used the highest amounts of antimicrobials, with targets initially set at twice the average use for each
production age group (sow herds, weaners and finishers). This system established thresholds for animal
daily doses (ADD), which if exceeded require a veterinarian to provide an action plan with concrete
interventions to reduce antimicrobial consumption on the farm, and ultimately results in an injunction to
allow unannounced inspection visits and prevent represcription and holding on the farm of antimicrobials
administered via food and water. All costs of injunctions and inspections are born by the farmer.

Between 2009 and 2011, there was a 25% reduction in the total antimicrobial use per pig
produced, explained mainly by a reduction in prescription of oral antimicrobials (tetracyclines,
macrolides and pleuromutilins) for treatment of gastrointestinal disease in weaners and finishers
(Jensen et al., 2014). It was hypothesised that the decrease in use of tetracyclines could be related to
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cessation of systematic metaphylaxis in some herds. The reduction in antimicrobial use showed no
impact on the occurrence of chronic pleuritis, the most common lesion seen in the slaughterhouse
(23%); although there was a short-term increase in the prevalence of less common (< 1%) specific
lesions. According to (DANMAP, 2014), there was a temporary decrease in productivity in some herds,
but no increase in disease outbreaks. There was an increase in the use of vaccines, which could
impact positively on the prevalence of chronic pneumonia (Alban et al., 2013). In 2012 and 2013,
there was a partial reversal and antimicrobial consumption in pigs increased; however, by 2015
consumption had decreased again and was 22% lower than in 2009 (DANMAP, 2016). In 2014, Danish
pig producers committed to a voluntary reduction in the use of tetracyclines of 50% by the end of
2015. Although this target was not met, use was reduced in 2015 by 24% compared to 2009 data
(DANMAP, 2016).

Antimicrobial use in food-producing animals in Denmark is low compared to other high pig
producing countries in the EU (EMA ESVAC, 2016). Although the measures taken by the Danish
government have clearly had an impact on antimicrobial consumption, there are financial costs
associated with their implementation and administration and success may be dependent on the specific
husbandry and organisation of the pig industry in Denmark. Most Danish pig farmers are members of
one of two cooperative systems, which operate comprehensive documentation throughout the
production chain, therefore, quality initiatives can be rapidly assimilated.

In addition, the amount of zinc oxide prescribed by veterinarians has increased markedly in
Denmark From 2005 to 2011 a threefold increase in use of zinc and zinc oxide (ZnO) was reported to
VetStat, whereas the number of pigs produced in Denmark increased by 14% (DANMAP, 2015). Since
2011, the consumption of ZnO has been relatively stable.

DANMAP 2014 reported that in indicator E. coli from pigs, trend analysis showed an increase in
resistance to ampicillin from 23% in 2010 to 34% in 2014; while resistance to tetracyclines and
sulfonamides showed no trend. Prior to this, DANMAP 2010 had reported an increase in resistance in
E. coli to tetracyclines over the preceding decade corresponding to a dramatic increase in use of the
substance in pigs from 2002 to 2007.

DANMAP 2014 also reported a high level of resistance in isolates of S. Typhimurium from pigs to
ampicillin, sulfonamides and tetracyclines (ASuT), with 64% of isolates being MDR. Monophasic
S. Typhimurium constitute a high proportion of the MDR isolates and have been increasing in pigs
since 2010.

The prevalence of MRSA in pigs at slaughter was reported to have increased dramatically in 2012.
A prevalence survey conducted in 2014 showed high prevalence of MRSA in breeding (63%) and
slaughter herds (68%) compared to surveys in 2010 and 2011 when prevalence was 16% (DANMAP,
2015). The number of humans sampled positive for LA-MRSA belonging to CC398 (see Appendix A),
has increased rapidly since 2009, with 1,277 cases in 2014 compared with 643 cases in 2013; although
this may reflect increased screening of hospital admissions, especially of people employed in the pig
industry (DANMAP, 2015). The SSI reported that the number of human reports of MRSA CC398
recorded <zj7ecreased to 1,172 in 2015, of which 18% were clinical cases and 12% had no direct contact
with pigs.

France

In 2012, the French National Action Plan for the Reduction of the Risk of Antibiotic Resistance in
Veterinary Medicine (EcoAntibio 2017) was implemented, becoming ratified in legislation in 2014 (Law
n°2014-1170).28 This plan aims to achieve a 25% reduction in antimicrobial use over 5 years. A
package of measures has been proposed including creation of benchmark indicators for prescription
and use of antimicrobials to be used on a voluntary basis, improving control over the prescribing of
antimicrobials without prior clinical examination and revision of controls over commercial practices that
can influence product procurement (sales discounts, etc.). After 2 years, there has been a decrease in
antimicrobial use in France of 12.7%, in line with the EcoAntibio 2017 target. In 2013, total sales of
antimicrobials amounted to 699 tones, the lowest since monitoring began. Between 2012 and 2013,
exposure to antimicrobials decreased by 6.6% for cattle, 5.4% for poultry and 4% for pigs, but rose
by 3.6% for rabbits.

27 EPI-NEWS No 23 — 2016. Available at: http://www.ssi.dk/English/News/EPI-NEWS/2016/N0%2023%20-%202016.aspx
28 The écoantibio 2017 plan. Reducing antibiotic use in veterinary medicine. Available at: http://agriculture.gouv.fr/telecharger/
825627?token=89ecb14c82eb7e500b8180cb14401b00
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Norway

In the second part of the 1990s the Norwegian husbandry organisations set a target to reduce
antimicrobial sales by 25% over a 5-year period from 1996 to 2000. This goal was supported by a
campaign, which included conferences and meetings, and provision of comprehensive treatment
guidelines aimed at areas of high antimicrobial use (e.g. bovine mastitis). From 1992 to 1996 there was
a 17% reduction in antimicrobial use which was mostly attributed to improved diagnosis and prescribing
(Grave et al., 1999). From 1995 to 2013, antimicrobial consumption in terrestrial food-producing animals
decreased by 41% (NORM/NORM-VET, 2015). The Norwegian Strategy on Antibiotic Resistance 2015 to
2020 sets further targets to reduce use of antimicrobials in terrestrial food-producing animals by 10%
compared to 2013, and not to increase the (very low) use in fish farming.

In 2014, sales of antimicrobials in Norway for food-producing animals were the lowest of all
countries reporting to ESVAC at 3.1 mg/PCU (EMA ESVAC, 2016). The overall prevalence of resistance
in E. coli from broilers was low-moderate (14.6%) in 2014, reflecting the minimal use of antimicrobials
in broiler chickens in Norway. The prevalence of resistance to sulfonamides and tetracyclines in E. coli
from broilers has decreased since 2000 (NORM/NORM-VET, 2015). ESBL-producing E. coli were first
identified in poultry in Norway in 2006 and became established despite the low overall antimicrobial
use and no use of cephalosporins. It was determined that resistant bacteria were entering the national
flock from imported parent stock and after this was addressed, resistant bacteria in parent birds
declined from 30% in 2011 to 10% in 2014. In broilers, ESBL-producing E. coli were detected in
35.5% of caecal samples when selective methods were used and it is concluded that it may be too
early for impacts to be seen from the measures taken on parent stock. The incidence of quinolone
resistance in indicator E. coli in broilers in Norway is low when non-selective methods are used;
although with selective methods, quinolone resistance is found in the majority of caecal samples. As
quinolones are not used in poultry production in Norway, the reason for this is unknown. Of all MSs
reporting to EFSA in 2014, Norway had the highest proportion (86%) of isolates of indicator E. coli
from broilers that were fully susceptible to the panel of antimicrobials against which they were tested
(ECDC and EFSA, 2016). The first cases of LA-MRSA in Norwegian pigs were reported in 2013 and
affected herds were destroyed. Animal populations in Norway are virtually free from Salmonella spp.

Belgium

In Belgium AMCRA is a collaboration between government agencies, agricultural and veterinary
organisations, the pharmaceutical sector and academia. AMCRA members have agreed a ‘Plan for
veterinary antibiotic policy until 2020’, which includes three targets for reduction in antimicrobial use by
2020 (compared with 2011):2°

e 50% lower antimicrobial use, with objectives being defined for each species;
e 75% lower use of CIAs;
e 50% lower use of medicated feed.

Achievement of these targets will be supported by, among other measures: data collections
systems to allow use of antimicrobials to be measured at farm level for each species
(see Section 3.3.3); farm health plans developed under veterinary guidance to address antimicrobial
use; benchmarking of use by farm and veterinarian, coupled with support to reduce use where
necessary and withdrawal of preventive use.

This plan is based on self-regulation, for instance by the different livestock sector quality labels. It
will be supported by the authorities through further financing of AMCRA, by creating a legal basis and
by controlling the implementation of this legislation (e.g. Sanitel-Med) (see Section 3.3.4.5). There was
a substantial decrease in antimicrobial use (mg/kg biomass) in 2012 and 2013; this trend was reversed
in 2014, with a 1.1% increase in use, but was back on track in 2015 when, compared with the
reference year of 2011 (AMCRA 2020), there was an overall cumulative reduction of 15.9% in
antimicrobial use in mg/kg biomass (BelVetSac, 2015). No underlying reasons could be identified for
the increase in use observed in 2014, but it was speculated that more strict regulation would be
required to support the AMCRA measures (BelVetSac, 2015).

29 Available at: http://www.amcra.be/sites/default/files/files/AMCRA%202020%20finaal_EN(1).pdf
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Concluding remarks

Public concern about rising levels of AMR and loss of consumer confidence in the livestock
industry have acted as a driver in those countries that have been proactive about taking
measures to control high antimicrobial use.

In the Netherlands and France, where high-level overall percentage reduction targets were set,
reductions in use were seen in all major livestock sectors.

In several MSs reductions towards targets have been seen within 2 years of their
implementation.

Targets for reduction in antimicrobial use have been supported in most countries by a package
of measures, which address the many different factors that can impact on antimicrobial use.
Benchmarking of antimicrobial use on farms has been a key tool to reduce antimicrobial use.
Sector-specific thresholds have been set so that farms are benchmarked against the
distribution of antimicrobial use across the relevant animal production sector. Where
benchmarks are exceeded, actions to address underlying problems on the farm have been
supervised by either the veterinarian or through the quality schemes.

The successful implementation of measures to reduce antimicrobial use may be associated
with the presence of well integrated quality schemes and with the husbandry systems in
operation.

There are some examples where the reduction in antimicrobial use in the MSs appears to have
been associated with decreased prevalence of certain types of AMR (e.g. analysis by the SDa
in Netherlands (SDa, 2016b)). Nevertheless, there are other types of resistance for which
prevalence is less clearly impacted with changes in antimicrobial use in the MS. This is likely to
be a consequence of the multiple factors that influence maintenance of resistance
mechanisms, such as fitness costs, co- and cross-selection, success of particular clones and
movement of animals between countries.

Overall, there has been very little research into the impacts of reducing antimicrobial use
(beyond the withdrawal of AGPs) on animal health and welfare. In Denmark and Belgium,
reduction in use of antimicrobials has been accompanied by an increase in the use of zinc
oxide in the pig sector, which has prompted concerns about the environmental impact as well
as the potential for co-selection of MDR bacteria (see Section 4.4.15).

Recommendations

Targets are recommended as an effective motivator to reduce antimicrobial use in livestock.
High-level targets are appropriate where antimicrobial use is considered high across several or
all livestock sectors. The level and time frame should be set according to the circumstances of
the country (baseline level of use, husbandry systems, infrastructure through which to
implement reduction measures).

In order to attain a target, a package of reduction measures is likely to be needed, tailored to
the underlying factors impacting use, e.g. benchmarking of use on farm; improved prescribing,
especially around the use of CIAs; review of preventive antimicrobial use; use of farm health
plans; sector-specific treatment guidelines. See later sections.

All stakeholders should be involved in developing these measures: livestock industry (quality
schemes); professional bodies and academia, with oversight from government as required.
Measures should preferably include sector-specific benchmarking. For this purpose,
thresholds/targets should be set according to levels of use in the individual sector and
reviewed regularly. The process should be transparent with quality schemes and farmers
receiving regular progress reports.

Alternative treatments, such as zinc oxide, that also have the potential to select for AMR
should be included in monitoring systems and associated targets.

Data based on relevant and high-quality monitoring, further research and analysis are needed
to identify the impact of reductions in use on antimicrobial resistance both in animal and
human populations.

Studies are required into the impact of reduction measures on animal health and welfare and
quality of animal produce.
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3.3.4. Treatment guidelines and measures to reduce the use of antimicrobials of
critical importance for human medicine

As treatment guidelines place heavy emphasis on responsible use of CIAs, they are discussed
alongside the measures taken to reduce the use of CIAs.

3.3.4.1. Treatment Guidelines

There is an increasing trend in veterinary medicine for the publication of treatment guidelines by
veterinary associations or veterinary specialist societies. These are typically intended for national use and
dedicated to specific animal species. In EU MSs, guidelines on antimicrobial prescribing have been
published as booklets, tables and on-line. Some guidelines are driven and endorsed by national
competent authorities and/or national veterinary organisations. The EC PUAVM Guidelines recommend
that prescribers use these types of guidelines to assist in selecting the appropriate antimicrobial and
dosing regimens. At present, there is no standardised approach to the methods for developing treatment
guidelines, which involve interplay between following approved indications for authorised VMPs,
reference to published studies, traditional veterinary practices, pharmacokinetic/pharmacodynamic
factors (e.g. target site concentrations) and consideration of MIC data for the various treatment options
and pathogens involved. Many treatment guidelines do not include discussion of the criteria used as the
basis for the treatment recommendations (e.g. for use of CIAs, broad-spectrum or combination
treatments).

Well-researched treatment guidelines can assist veterinarians in making rational prescribing choices
by being evidence-based and by taking into account results of national or regional surveillance of
antimicrobial resistance, and if needed they can be relatively easily updated to reflect changes in local
resistance patterns. Furthermore, there are circumstances, especially for food-producing animals,
where prescribing choice cannot be guided by antimicrobial susceptibility testing, either because the
causative organisms cannot be readily cultured or there is a lack of agreed international microbiology
standards. Relevant examples of common pathogens include Lawsonia intracellularis, Brachyspira spp.,
Mycoplasma spp. and Ornithobacterium rhinotracheale. Here, treatment guidelines could assist
veterinarians in their prescribing.

3.3.4.2. Antimicrobials of critical importance for human medicine

Antimicrobials have been classified based on the importance for human and animal medicine by
several institutions or committees, such as the WHO, OIE and the AMEG.

The WHO has categorised all antimicrobial classes into three groups: critically important (CIAs),
highly important (HIAs) and important (IAs) for human medicine, based on two criteria (Collignon
et al., 2009; WHO, 2012).

These criteria are:

‘An antimicrobial agent which is the sole, or one of limited available, therapy to treat serious
human disease.

‘Antimicrobial agent is used to treat diseases caused by either: (1) organisms that may be
transmitted to humans from non-human sources or, (2) human diseases causes by organisms
that may acquire resistance genes from nonhuman sources.’

The CIAs meet both criteria, the HIAs meet either criterion 1 or criterion 2 and the IAs meet
neither of the criteria.

Within the CIAs, the classes are prioritised ‘to allow allocation of resources towards the agents for
which management of the risks from antimicrobial resistance are needed most urgently’. The classes
with the highest priority are fluoroquinolones, 3rd- and 4th-generation cephalosporins, glycopeptides
and macrolides.

The AMEG has further categorised the WHO CIAs (and several HIAs) based on their risk to man
due to resistance development following use in animals (EMA, 2014). The following three categories
have been proposed by the AMEG:

e (Category 1 contains the antimicrobials used in veterinary medicine where the risk for public
health is estimated low or limited;

e (Category 2 contains the antimicrobials used in veterinary medicine where the risk for public
health is estimated as higher;

e (Category 3 contains the antimicrobials not approved for use in veterinary medicine.
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The highest priority antimicrobial classes in the WHO CIAs are categorised by AMEG as category 1
(macrolides), category 2 (fluoroquinolones, 3rd- and 4th-generation cephalosporins for systemic use)
and category 3 (glycopeptides; not authorised in veterinary medicine in the EU). The extended-
spectrum penicillins and aminoglycosides are provisionally placed in category 2 while undergoing further
risk-profiling. Polymyxins (colistin and polymyxin B) were originally classified by AMEG as category 1 but
the classification of colistin was changed to category 2 after review in 2016 (EMA, 2016b).

The EC PUAVM Guidelines refer to CIAs as those identified in the advice provided by EMA (AMEG)
to the Commission (EMA, 2014). For the general purposes of this report, the CIAs include those in the
AMEG's category 2 and category 3, unless making direct reference to a document, which uses a
different definition. At present, there are no category 3 substances that are included in table 1 of the
Annex to Regulation (EU) No 37/2010°° containing the MRLs, and therefore, these cannot be used in
food-producing animals.

3.3.4.3. Summary of measures relating to CIAs proposed in EC PUAVM Guidelines

In general, the EC PUAVM Guidelines advice that critically important antimicrobials should only be
used when and where the veterinarian has determined that no effective non-critically important
alternative is available based on antimicrobial susceptibility testing and relevant epidemiological data.

In accordance with Directive 2001/82/EC, as for other veterinary medicinal products, cascade
(off-label) use of critically important antimicrobials should only be applied in order to prevent animal
suffering. In those cases, the prescribing veterinarian should sufficiently justify and record the use,
taking into consideration ethical and public health concerns.

The EC PUAVM Guidelines specifically advise to prohibit the use of 3rd- and 4th-generation
cephalosporins in poultry (including eggs). Fluoroquinolones are advised only to be used in poultry
when treatment response to other antimicrobials is poor or expected to be poor, and only after
susceptibility testing has been performed.

3.3.4.4. Use of CIAs within the EU

According to ESVAC data for 2014 (EMA ESVAC, 2016) the sales of 3rd- and 4th-generation
cephalosporins, fluoroquinolones and polymyxins made up 0.2%, 1.9% and 6.6% of the total sales of
antimicrobial VMPs, respectively, in the 29 reporting EU MSs, with substantial variation between
countries. Overall sales of 3rd- and 4th-generation cephalosporins have remained relatively stable at
the EU level from 2011 to 2014; whereas the sales of fluoroquinolones suggest an increasing trend
(+18%) since 2011 (EMA ESVAC, 2016).

In a survey of EU veterinarians (De Briyne et al., 2014), the most frequently cited uses were: in
pigs, fluoroquinolones and polymyxins for treatment of diarrhoea and fluoroquinolones for post-partum
dysgalactia syndrome; in cattle/calves, 3rd- and 4th-generation cephalosporins for locomotor and
uterine disorders and polymyxins and fluoroquinolones for diarrhoea.

Appendix I includes information on the classes of CIAs that are authorised for use in human
medicine but not in veterinary medicine.

3.3.4.5. Measures taken in the MSs to reduce the use of CIAs, and their impact
Belgium

In Belgium, the Centre of Expertise on Antimicrobial Consumption and Resistance in Animals
(AMCRA), as part of its prudent use campaign, in 2013 produced formularies containing guidance for
the responsible use of antimicrobials in food-producing animals (pigs, cattle and poultry) to be used on
a voluntary basis.>! The formularies are species-specific and contain a list of indications for which
appropriate antimicrobials are listed together with the route of administration.>? The antimicrobials are
classified into first, second and third choice, based on scientific literature, taking into account
antimicrobial susceptibility, pharmacokinetics and —dynamics, efficacy and clinical signs of the animals.
Within the groups of first, second and third choice a colour code is given to each antimicrobial (yellow,
orange or red).

30 Commission Regulation (EU) No 37/2010 of 22 December 2009 on pharmacologically active substances and their classification
regarding maximum residue limits in foodstuffs of animal origin. OJ L 15, 20.1.2010, p. 1-72. As last amended.

31 Available at: http://www.amcra.be/en/tag/formulaire

32 Available at: http://www.e-vademecum.be
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The colour-coded classification for antimicrobials is based on the importance for human (WHO
ranking) and veterinary (OIE ranking) medicine:3

¢ Yellow substances are the substances of lowest importance to human medicine and are usually
first and second choice substances for treatment;

e Orange substances should only be used after additional laboratory testing (bacteriology, PCR,
serology, etc.), and include macrolides, polymyxins and aminoglycosides, etc.;

e Red substances are of highest importance to human medicine, are third choice for treatment,
and include fluoroquinolones and 3rd- and 4th-generation cephalosporins. In principle, they
should not be used for group or systematic treatments of farm animals, but if needed then
only after additional laboratory testing and antibacterial susceptibility testing which shows that
yellow and orange substances are not effective. Red substances are not allowed to be kept in
stock by farmers, and can only be kept on the farms for a five day treatment.

In 2014, AMCRA released the AMCRA 2020 vision statement, which comprises 10 objectives and
action points, one of which introduces a 75% reduction by 2020 in use of quinolones and 3rd- and
4th-generation cephalosporins, compared to 2011. The Belgian Statutory Body of Veterinarians has
modified the Deontological Code for Veterinarians in March 2015 to emphasise the prudent use of
antimicrobials in general and specifically the use of CIAs (Nederlandstalige Gewestelijke Raad van de
Orde der Dierenartsen, 2015).

Furthermore, a tax has to be paid on all VMPs based on the content of the active substance, and is
multiplied by 1.5 for VMPs containing CIAs.>* These taxes will be used to finance a national data
collection system (Sanitel-Med) which will enable monitoring of (off-label) use of antimicrobials and
especially the use of CIAs in food-producing species, and which ultimately will allow for benchmarking
of farms and veterinarians.

Most actions taken in Belgium are relatively recent, with AMCRA having been founded only in 2012,
whereas the most recent report on the consumption of veterinary antimicrobials in Belgium contains
data on sales from 2015. Therefore, impact of the actions may not be fully visible yet. Table 2 shows
the relative changes in sales of veterinary antimicrobials in Belgium over the period of 2011-2015
(BelVetSac, 2015).

Table 2: The relative changes in sales of veterinary antimicrobials (kg) in Belgium over the period
of 2011-2015 (BelVetSac, 2015)

Overall sales 2011 > 2012 2012 > 2013 2013 > 2014 2014 > 2015
Quinolones (%) +3.1 -21.4 +5.3 +16.0
Cephalosporins (%) +2.7 +0.7 +4.1 -5.1
Polymyxins (mainly colistin sulfate) (%) +5.9 -18.3 -28.1 —-16.0
Overall sales (%) -7.2 -6.6 +3.2 -2.8

The decreased use of polymyxins was considered to coincide with the availability of zinc oxide as
an alternative to colistin for the treatment of diarrhoea in piglets. The increased use of quinolones in
2015 was attributed solely to an increase in the use of flumequine which, based on the product
concerned, was thought to be for poultry production. The BelVetSac report indicates that in
comparison to 2011, the reduction in use of red molecules (fluoroquinolones and 3rd and 4th
generation cephalosporins) by 2015 was only 6.4%, compared to the goal to achieve a 75% reduction
by 2020. It was suggested that new requirements for veterinarians to perform antimicrobial
susceptibility testing prior to use of CIAs, and to register use of all antimicrobials in the national
database, might help to reinforce responsible use principles in future.

A study conducted in 2012-2013 on 47 farrow-to-finish pig farms in Belgium showed that 3rd- and
4th-generation cephalosporins were the 4th ranking antimicrobials used, with a proportion of 10.8% of
the total antimicrobial consumption (Sjolund et al., 2016). For fluoroquinolones and colistin this
proportion was 5.3% and 17.5% (2nd ranking), respectively. Another study on 61 pig farms in
Flanders, performed between December 2010 and May 2014, studied the potential reduction in
antimicrobial consumption that could be achieved by optimisation of herd management, biosecurity

33 Available at: http://www.amcra.be/fr/classification-des-antibiotiques
3% Legislation available at: http://www.ejustice.just.fgov.be/cgi_loi/change_lg.pl?language=nl&la=N&cn=2014020716&table_na
me=wet
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status, vaccination strategy, anthelmintic therapy and advice on prudent use of antimicrobials (Postma
et al., 2016b). The study farms showed a reduction in the consumption of CIAs between the first and
third farm visit, likely due to the provision of specific guidance on use of these substances.

A study in 2012-2013 in adult dairy cattle in Flanders showed that on average the most used
substance class was the 4th-generation cephalosporins, 4.99 DDDA/1,000 cow-days, with average
consumption of 3rd-generation cephalosporins calculated at 2.95 DDDA/1,000 cow-days and of
fluoroquinolones at 0.65 DDDA/1,000 cow-days. The average consumption of CIAs on the farms was
8.59 DDDA/1,000 cow-days, whereas the average consumption for non-CIAs was 12.18 DDDA/1,000
cow-days (Stevens et al., 2016) From the study there appeared to be a positive association between
overall treatment duration of subclinical mastitis and the treatment incidence of CIAs. It was suggested
that replacing intramammary dry cow treatments and (long-acting) injectable products containing
3rd- and 4th-generation cephalosporins (that have zero day withdrawal time for milk) could help
reduce the use of the CIAs, but as yet there is no evidence to support this proposal.

Denmark

In 2002, Danish legislation restricted the use in production animals of injectable products containing
fluoroquinolones to veterinarians only (Order(DK) 119/2002); in addition, in 2003 susceptibility testing
before use of fluoroquinolones in production animals became mandatory, together with notification of
the use of this class of antimicrobials to the authorities (Order(DK) 134/2003). This led to a steep
decline in the use of fluoroquinolones from 2001 to 2003. Furthermore, in July 2010 a voluntary ban on
the use of cephalosporins was carried out by the pig industry; the dairy cattle industry applied a similar
voluntary ban in July 2014 (DANMAP, 2011, 2015).

Treatment guidelines, developed in collaboration between the authorities, universities, industry and
the veterinary association and maintained by the Danish Veterinary and Food Administration (DVFA),
recommending the appropriate antimicrobial treatment for common indications in pigs and cattle>®
have been made available to veterinarians since 1996. (DANMAP, 2015). The DVFA published updated
‘dynamic evidence-based’ prudent use treatment guidelines for pigs for use by veterinarians in 2010.%®
These guidelines include recommendations for the use of antimicrobials for the major indications in
pigs, based on ranking for efficacy, susceptibility, pharmacokinetics and human importance (according
to the FDA and OIE guidelines). Substances are divided into green (recommended), yellow (can be
used but better alternatives available) and red (not recommended because of either a very low
susceptibility or high importance to human health). Fluoroquinolones and cephalosporins are included
in the red substances. A concept for treatment guidelines for cattle was reviewed in 2008.

In 2013 and under the Second Veterinary Action Plan (2013-2016) the DVFA, together with the
Danish Health and Medicines Authority and backed by the Danish Parliament, increased the taxes on
sales of veterinary antimicrobials from 0.84% to 5.5% for veterinary antimicrobials other than simple
and narrow spectrum penicillins and to 10.8% for 3rd- and 4th-generation cephalosporins and
fluoroquinolones (DANMAP, 2015).

Perhaps as a result of their strict regulation, sales of fluoroquinolones in Denmark are very low
(< 0.01 mg/PCU (EMA ESVAC, 2016)) - no use of fluoroquinolones was reported for cattle in 2014 and
2015 and no fluoroquinolones were used in broilers from 2010 to 2014 (DANMAP, 2015, 2016).

The use of cephalosporins is minor compared to overall antimicrobial use in pigs, and since the
voluntary ban in 2010 has been extremely low — 1 kg in 2015 (DANMAP, 2016). The use of
intramammary products containing 3rd- and 4th-generation cephalosporins has steadily but markedly
decreased from 2007 to 2015 in cattle. This may be explained by the introduction of a milk quality
campaign by the Danish cattle Association in 2010, and legal regulations on use of antimicrobial
agents for mastitis treatment which require the use of narrow spectrum penicillins unless susceptibility
testing indicates otherwise (see Figure 5) (DANMAP, 2016). Overall sales corrected for the biomass-at-
risk (in mg/PCU) showed that the sales of 3rd- and 4th-generation cephalosporins decreased by 30%
from 2011 to 2014; compared to 2010, the decrease is 66% (EMA ESVAC, 2016).

35 Available at: https://www.ddd.dk/sektioner/hundkatsmaedyr/Documents/Retningslinjer%20for%?20brug%20af%?20antibiotika%
20kvaeg.pdf

36 Available at: https://www.foedevarestyrelsen.dk/english/Animal/AnimalHealth/Veterinary_medicine/Pages/Evidence_based_prudent_
use_guidelines_for_antimicrobial_treatment_of_pigs.aspx
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Figure 5: Consumption of 3rd- and 4th-generation cephalosporins in pigs and cattle in Denmark
(source: (DANMAP, 2016))

Resistance to ciprofloxacin in C. jejuni isolates from broilers increased steadily from 2002 to 2011,
and despite the cessation of its use by the Danish poultry industry in 2009, resistance has since
fluctuated — although it decreased from 26% in 2013 to 18% in 2014. From 2006 onwards, resistance
to fluoroquinolones remained at a similar level in C jejuni isolates from Danish cattle (16-21%),
although there was a notable decrease in 2012.

Resistance to ciprofloxacin in E. faecalis and E. faecium in Danish broiler meat, broilers, beef, pigs
and pork was very low in 2014 (0-3%). Resistance in indicator E. coli isolated from Danish broilers,
cattle and pigs and Danish broiler meat, beef and pork varied between 0 and 12% for ciprofloxacin
and nalidixic acid (with the highest levels in broilers) in 2014 (DANMAP, 2015). Resistance to
ciprofloxacin and nalidixic acid in E. coli from Danish broilers in 2014 was 12% and 11%, respectively,
and as in other Nordic countries, is considerably lower than that reported overall in EU MSs (66% and
63%, respectively) (ECDC and EFSA, 2016).

From 2011, there has been an ongoing reduction in occurrence of ESBL-producing E. coli in Danish
broiler meat and for the first time a decrease was found in imported broiler meat in 2014 (ceftriaxone
resistance was 9% and 25%, respectively). This is most likely due to a stop in the use of 3rd-generation
cephalosporins in the top of the breeding pyramid abroad, resulting in a reduced transmission of
ESBL-producing E. coli from imported parent animals to Danish broilers (DANMAP, 2015). In addition,
ceftriaxone resistance was very low (< 1%) in Danish and imported beef and pork during the last few
years and in 2013 ESBL-producing E. coli were found in six per cent of pigs at slaughter which was lower
than in 2012, 2010 and 2009 and likely to be a result of the voluntary stop of the use of cephalosporins
in the Danish pig production. This was also concluded by a study that found that the voluntary ban of the
use of cephalosporins in Danish pig production significantly reduced the occurrence of extended-
spectrum cephalosporinase-producing E. coli in pigs and pork (Agersg and Aarestrup, 2013). In 2015,
the occurrence of E. coli resistant to 3rd-generation cephalosporins from pigs increased compared to
2009 to 2013, although it was considered that the change in the methodology of testing introduced
under Decision 2013/652/EU may have impacted the results (DANMAP, 2016).

Finland

Cascade use is not allowed under Finnish legislation for certain substances, among which are
3rd- and 4th-generation cephalosporins (Mamma 847/2008).3’ Finland has relative to other EU MSs, a
very low use of 3rd- and 4th-generation cephalosporins (< 0.02 mg/PCU), and of fluoroquinolones
(0.18 mg/PCU). Sales of both classes have been fairly static since 2010 (EMA ESVAC, 2016).

Levels of resistance to ciprofloxacin and nalidixic acid in indicator E. coli from broilers in Finland in
2014 were very low at 4.6% resistance to both (ECDC and EFSA, 2016). For Campylobacter jejuni

37 Available at: http://www.finlex.fi/fi/laki/alkup/2008/20080847
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isolates from broilers, resistance to both substances was 25%, which is low compared to non-Nordic
countries. In pigs, data from 2013 also indicated low levels of resistant in indicator E. coli to
ciprofloxacin (1.9%) and nalidixic acid (1.3%) (ECDC and EFSA, 2015).

No resistance was detected to the 3rd-generation cephalosporin, cefotaxime, in E. coli from broilers
in 2014 (ECDC and EFSA, 2016), and it was very low (0.6%) in E. coli isolates from pigs in 2013
(ECDC and EFSA, 2015).

France

The pig sector introduced a voluntary restriction of the use of 3rd- and 4th-generation
cephalosporins in pig production in 2010. Following on, the estimated exposure for pigs to ceftiofur
and cefquinome decreased by 78.2% from 2010 to 2014 (Figure 6) (ANSES, 2015b).
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Figure 6: Change in the estimated number of pigs treated with cephalosporins (source: (ANSES,
2015b))

Resistance to ceftiofur in E. coli from pigs decreased from 2010 to 2014 (Figure 7) (ANSES, 2016).
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Figure 7: Evolution of proportions of E. coli isolates non-susceptible to ceftiofur in cattle, pigs, poultry
and turkey (2006—-2014) (source: (ANSES, 2016))

In September 2014, the bill on the future of farming, food and forestry set a target of 25%
reduction in the use of fluoroquinolones and 3rd- and 4th-generation cephalosporins, taking 2013 as
the reference year.®® This new legislation controls and restricts the prescription of CIAs as well as
discounts and promotions on antimicrobials. In March 2016, a decree (2016-317) was issued which
prohibited the use of critical antimicrobials (fluoro)quinolones, 3rd-and 4th-generation cephalosporins
and certain other human-only authorised substances) for preventive use, and only allowed their use
for metaphylaxis or cure of disease following a clinical examination and laboratory testing showing the

38 Available at: https://www.legifrance.gouv.fr/affichTexte.do?cid Texte=JORFTEXT000029573022&categorieLien=id
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susceptibility of the identified bacterial strain to the antimicrobial concerned. Prescriptions are also
limited to one month without re-examination of the animal(s).

A study conducted mainly in 2013 on 60 farrow-to-finish pig farms in France showed that 3rd- and 4th-
generation cephalosporins formed 1.2% of the total antimicrobial consumption, fluoroquinolones formed
5.3% of total consumption and colistin was most used substance with 30.1% (Sjolund et al., 2016).

Italy

The Italian trade association, UNAITALIA, and the Italian health authorities and research
organisations for animal health and food safety of the regions Lombardy and Emilia Romagna drafted
a national plan for the responsible use of veterinary medicines in the fight against AMR in rabbit
production, which was adopted in 2013.3° Farmers participate on a voluntary basis and part of the
plan is that they will not use cephalosporins. In 2015, a similar plan followed for prudent use of
veterinary medicines in poultry production.*®

Netherlands

In the Netherlands, the Workgroup Veterinary Antimicrobial Policy (WVAB) is part of the Royal
Dutch Association for Veterinary Medicine (KNMvD) and approves formularies and guidelines regarding
the use of antimicrobials.** Since 2011, formularies have been introduced for food-producing animal
species and are undergoing revision. The formularies indicate the preferred choice of antimicrobial for
the relevant indications per species and per administration route, based on efficacy and limitation of
antimicrobial resistance (especially ESBLs). These formularies are binding, with any deviations having
to be well-justified or otherwise potentially subject to disciplinary action (Dutch Ministry of Economic
Affairs, 2014).

The WVAB has produced a classification of veterinary antimicrobial agents*? into first, second and
third choice, and those antimicrobials that can be used in non-food-producing animals under the
cascade regulation in case of veterinary emergency. The classification takes into account selection
pressure for resistance factors. 3rd- and 4th-generation cephalosporins and fluoroquinolones are
classified as the third choice antimicrobials. In principle, they should not be used, unless for treatment
of individual animals for which, based on bacteriology and susceptibility tests, it is shown that no
alternatives are available. The antimicrobials that are considered as last-resort antimicrobials for
human treatment (e.g. carbapenems, glycopeptides, tigecycline) should never be used to treat
animals, not even under the cascade regulation.

In 2011, the Dutch Health Council published a report on the use of antimicrobials in animal husbandry
and resistant bacteria in humans (Health Council of the Netherlands, 2011). In this report, it was
recommended to prohibit as soon as possible the use of 3rd- and 4th-generation cephalosporins in group
treatment and dry cow treatment, and to stop the use of fluoroquinolones in the longer term. Therapeutic
use in individual animals would remain possible in exceptional cases. Further advice was to phase out the
use of colistin as group treatment, but considering that colistin is classed as a second choice antimicrobial
and appropriate alternatives are lacking, the WVAB considered that this should be done over time.

Since 1 January 2013 veterinarians have been obliged by legislation to perform bacteriological and
susceptibility testing before prescribing 3rd- and 4th-generation cephalosporins and fluoroquinolones.*®
Various quality assurance systems anticipated this by restricting or prohibiting the use of these
substances: the pig sector voluntarily restricted use of 3rd- and 4th-generation cephalosporins and
fluoroquinolones and the dairy sector banned the use of 3rd- and 4th-generation cephalosporins for
dry cow treatment (see PUAVM Guidelines).

Since 2011, the Netherlands Veterinary Medicines Authority (SDa) monitors use of antimicrobials
per species at the farm level by means of animal defined daily doses (DDDA), which are technical units
of measurement that take into account the potency of the substance. The SDa set specific target
values for the use of 3rd- and 4th-generation cephalosporins and fluoroquinolones: in all animal
sectors these are set at ‘0’ defined daily doses per farm per animal year (SDa, 2013). In terms of
weight, it appears that only about 5% of cephalosporins are used in the monitored sectors (see
Table 4) the rest is used in, e.g. companion animals or small livestock sectors such as rabbits. (SDa,

39 Available at: http://www.anmvioggi.it/images/Piano_Antibioticoresistenza_Coniglicoltura.pdf

40 Available at: http://www.salute.gov.it/imgs/C_17_pubblicazioni_2476_allegato.pdf

41 Available at: http://wvab.knmvd.nl/over-de-WVAB

42 Available at: http://wvab.knmvd.nl/media/default.aspx/emma/org/10870194/160413%20wvab-richtlijn%203.1%20definitief. pdf
43 Available at: https://zoek.officielebekendmakingen.nl/stb-2012-616.html
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2016b) About a third of all fluoroquinolones sold are used in the pigs, veal calves, cattle, broiler or
turkey sectors (Table 3). In the monitored livestock, sectors use decreased by about 26%.

Table 3: Use of 3rd- and 4th-generation cephalosporins, fluoroguinolones and polymyxins in
several animal species in the Netherlands in 2012 (2013) and 2015; use is reported in

DDDANAT
Pigs Veal calves Cattle Broilers Turkeys
Substance 2012 2015 2012 2015 2012 2015 2012 2015 2013 2015
3rd- and 4th- 0.00 * 0.00 * 0.03 0.00 * * * *

generation®
cephalosporins

Fluoroquinolones® 000 0.00 031 002 0.01 000 084 007 176 1.2
Polymyxins 058 038 073 0.9 005 0.01 0.88 0.06 0.18 0.63

(a): 0.00 means consumption was below 0.005 DDDAyaT
*: Means no consumption was reported.

Whereas use of fluoroquinolones has declined steadily, the use of polymyxins increased slightly
from 2014 to 2015 data in all monitored species, except cattle where use is anyway minimal. Use of
second and third choice antimicrobials has shifted to first-choice antimicrobials in dairy cattle,
particularly in dry cow treatment (SDa, 2016b).

Results on resistance to specific CIAs for 2014 (Figure 8) compared to 2009 (SDa, 2016a):

e broilers: 84% reduction in resistance to cefotaxime, 19% reduction in resistance to ciprofloxacin;

e pigs: 86% reduction in resistance to cefotaxime, 100% reduction in resistance to ciprofloxacin;

e veal calves: 41% reduction in resistance to cefotaxime, 64% reduction in resistance to
ciprofloxacin;

e dairy cattle: 75% reduction in resistance to cefotaxime, no resistance to fluorogquinolones.
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Figure 8: Ranking of the four livestock sectors based on total antimicrobial use and antimicrobial —
specific resistance in 2014 (source: (SDa, 2016a))

The 2015 MARAN report (MARAN, 2015) concluded that reductions in total sales and sales of
3rd- and 4th-generation cephalosporins were associated with a reduction of the general levels of
antimicrobial resistance in isolates from food-producing animals, and to a certain extent the levels
of ESBLs. The 2014 data showed that the levelling off in reduction of antimicrobial sales was directly
followed by stabilisation of resistance levels. The SDa found that AMR in isolates from poultry,
especially to 3rd- and 4th-generation cephalosporins, had decreased markedly in recent years, which
was thought to be because these substances are no longer used in hatcheries and because of a
decrease in the use of second choice broad-spectrum penicillins in broiler farms (SDa, 2016a).
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MARAN (2015) reported that although fluoroquinolone resistance in E. coli is decreasing, it is still
common in broiler chickens — 46% of E. coli isolates were resistant to ciprofloxacin in 2014, compared
to 50% in 2012 and 54% in 2013.

Sweden

The Swedish Veterinary Association has published a general guideline on prudent use.** Specific
guidelines for antimicrobial treatment in cattle, pigs, sheep, goats and horses highlight that CIAs
should be considered to be second and third choice for treatment and should only be used when no
other substances are available (SVS, 2013, 2014). As a follow up of these guidelines, the Swedish
Medical products agency has published guidance on use of antimicrobials for pigs (2012*°) cattle and
sheep (2013*%) and horses (2015*). In general, all guidelines have a recommendation in place to
restrict the use of CIAs, but the substances are still indicated as optional treatment for certain
indications.

Following a regulation established in January 2013, a veterinarian in Sweden may only prescribe
quinolones or 3rd- and 4th-generation cephalosporins when microbiological and susceptibility testing
show that there are no effective alternatives.*®*° Additional provisions allow use of these CIAs in food-
producing animals where susceptibility testing has been performed during the previous six months and
where science and proven experience show that alternative treatments are not effective, although in
this case microbiological testing should still be performed to identify the infectious agent. In an acute
life, threatening condition treatment may be started while awaiting the results of tests.

Overall data corrected for the biomass-at-risk (in mg/PCU) showed that the sales of 3rd- and
4th-generation cephalosporins in Sweden in 2014 were extremely low (0.003 mg/PCU) with reductions
having started before the prescribing regulation was introduced in 2013. Sales of fluoroquinolones are
also comparatively low, and have declined sharply since 2010, and more than halved during 2014 to
0.03 mg/PCU (EMA ESVAC, 2016).

A study conducted mainly in 2013 on 60 farrow-to-finish pig farms in Sweden showed that 3rd- and
4th-generation cephalosporins were not used at all, whereas the proportion of fluoroquinolones of the
total antimicrobial consumption expressed as treatment incidence was 2.1%, and of colistin 17.7%
(Sjolund et al., 2016). Swedres-Svarm data indicate that there was no consumption of 3rd-generation
cephalosporins in pigs in 2014 and 2015 and total sales of fluorogquinolones in pigs were 0.013 and
0.006 mg/kg pig slaughtered, respectively (Public Health Agency of Sweden and SVA, 2015, 2016).
Sales of colistin in 2015 equalled 0.4 mg/kg pig slaughtered.

In the monitoring of indicator E. coli from healthy pigs in 2015, (according to CD 2013/652/EU),
resistance to cefotaxime was found in 1% of isolates, in 3% of isolates to ciprofloxacin and 0% to
colistin. In cattle, indicator E. coli showed resistance to colistin in 1% of isolates (non mcr-1) and 0%
for cefotaxime and ciprofloxacin. Selective screening for ESBL or plasmid-mediated AmpC (pAmpC)
showed 1% of the samples from pig intestine, < 1% from pig meat, and 0% of intestinal samples from
cattle and cattle meat were positive for ESBL or pAmpC-producing E. coli (Public Health Agency of
Sweden and SVA, 2016). These low levels of resistance reflect the very low use of these CIAs
in Sweden.

In slaughter chicken, sales of fluoroquinolones have been below 0.5 kg for the last few years, with
no reported sales for either chickens, hens or turkeys for 2015, whereas cephalosporins have never
been used. The level of resistance to quinolones in indicator E. coli isolated from broilers gradually
increased until 2012, and decreased to 11% in 2014, with 0% of the isolates in 2014 showing
resistance to cefotaxime, ceftazidime and colistin, and 11% to ciprofloxacin. In 2015, with selective
screening, 39% if intestinal samples from chickens were positive for E. coli producing ESBLs or pAmpC
(Public Health Agency of Sweden and SVA, 2015, 2016). Indicator E. coli isolated from turkeys in 2014
showed resistance to cefotaxime in 2% of the isolates, 2% to ceftazidime (no confirmed ESBL), 3% to

* Available at: http://www.svf.se/sv/Forbundet/Policydokument/SVFs-antibiotikapolicy

4> Available at: https://lakemedelsverket.se/malgrupp/Halso---sjukvard/Behandlings--rekommendationer/Veterinara-lakemedel/Dosering-
av-antibiotika-till-gris

46 Available at: https://lakemedelsverket.se/malgrupp/Halso---sjukvard/Behandlings--rekommendationer/Veterinara-lakemedel/Dosering-
av-antibiotika-till-notkreatur-och-far

47 Available at: https://lakemedelsverket.se/malgrupp/Halso---sjukvard/Behandlings--rekommendationer/Veterinara-lakemedel/Dosering-
av-antibiotika-till-hast

48 Available at: http://www.jordbruksverket.se/download/18.566673b01501fd7f99dbcd9d/1443691866966/2015-032.pdf

49 Available at: http://www.jordbruksverket.se/download/18.53b6e8e714255ed1fcc4fd9/1385713779939/2013-042. pdf
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ciprofloxacin and 0% to colistin. No samples were positive for E. coli producing ESBLs or pAmpC in the
selective screening (Public Health Agency of Sweden and SVA, 2015).

United Kingdom

In 2012 the UK poultry meat sector introduced a voluntary ban on the use of 3rd- and
4th-generation cephalosporins under its BPC Antibiotic Stewardship Scheme, together with a
commitment to reducing the use of fluoroquinolones in day-old broilers (BPC, 2016). In fact, in 2013
there was a general increase in antimicrobial use in the sector, which was attributed to poor harvest
and hence poor feed quality, and fluoroquinolone use increased between 2012 and 2014.
Scheme members revised their strategies and from 2014 to 2015, use of fluoroquinolones decreased
by 48% in poultry overall. A 96% reduction was achieved in the chicken sector, but smaller reductions
in other poultry sectors (e.g. turkeys) were attributed to the poor availability of alternative products.
Resistance to ciprofloxacin and nalidixic acid in C. jejuni isolates from broilers increased from 31% in
2013 to 44% in 2014 and was 25% in E. coli isolates from broilers in 2014; no resistance to colistin,
cefotaxime or ceftazidime was found in E. coli and Salmonella spp. from broilers (VMD, 2015).

The Czech Republic

Under national legislation (Decree No 344/2008) certain CIAs (currently 3rd- and 4th-generation
cephalosporins, fluoroquinolones, rifaximin, gentamicin and kanamycin) have been placed under a
‘prudent use regimen’ in the Czech Republic (Decree No 344/2008 Coll., paragraph 2, article 3°°). The
‘prudent use regimen’ stipulates the conditions for prescribing and handling these antimicrobials,
including a requirement for susceptibility testing and absence of a first-line treatment, with possible fines
when the law is not followed. Targeted inspections of veterinarians with the highest rate of prescription
are performed, and involve checks of the laboratory testing supporting the use of these antimicrobials.
Results of inspections allow identification of gaps in the system, which have been minimised step-wise
(e.g. by improvement of laboratory diagnosis, establishment of the National target veterinary pathogen
monitoring programme) to provide appropriate tools for decision-making by veterinarians in practice.

3.3.4.6. Measures taken in third countries

In September 2005, the FDA withdrew approval for the use of enrofloxacin in poultry in the USA
due to concerns over the human health hazard from fluoroquinolone-resistant campylobacter
infections. This decision followed an increase in the prevalence of fluoroquinolone resistance among
human Campylobacter spp. isolates in the late 1990s that was temporally related to the approval of
fluoroquinolones for use in poultry in 1995 (Nelson et al., 2007). Some fluoroquinolones are approved
for use in pigs and cattle, although ‘extra-label’ use has been prohibited in food-producing animals
since 1997 (FDA, 2015). Ciprofloxacin and nalidixic acid resistance in indicator E. coli and in
non-typhoidal Sa/monella isolates from retail meats, slaughtered chickens, and caecal samples from
chicken, turkeys, cattle, and pigs varied between 0% and 2.5% in 2013. Although resistance to
ciprofloxacin was at its lowest level to date (11%) in C. jejuni isolates from retail chicken samples, the
level of resistance in slaughter chicken samples has not declined (24% in 2013). This may be because
fluoroquinolone-resistant Campylobacter spp. isolates possess enhanced fitness, which allows them to
persist in the absence of antimicrobial selection pressure (Han et al., 2012).

In 2012, the FDA issued an order prohibiting certain ‘extra-label’ uses of products containing
cephalosporins for use in certain food-producing animals, due to concerns relating to the public health
risk from food-borne cephalosporin-resistant bacteria.® In particular, concerns related to use of
ceftiofur in dairy cattle resulting in increased cephalosporin-resistant bacteria in the dairy farm
environment, administration at unapproved doses (e.g. via biobullets) and automated administration
via egg injection at poultry hatcheries. Ceftriaxone resistance in indicator E. coli isolates from retail
chickens decreased from 13% in 2011 to 4.4% in 2013, and in retail turkeys from 10% to 6.7%.
Ceftriaxone resistance in E. coli isolates from ground beef in 2013 was 2.2%. On the other hand,
ceftriaxone resistance in non-typhoidal Sa/monella isolates from retail chicken, ground turkey and
ground beef in 2013 was 19.7%, 9.4% and 26.7%, respectively (FDA, 2015).

The 3rd-generation cephalosporin, ceftiofur, is reported to be used off-label in hatcheries in
Canada, administered in ovo to control E. coli omphalitis in broiler chickens. This practice was
voluntarily ceased by hatcheries in Quebec in 2005 to 2006 in response to public health concerns

50 Available at: http://www.uskvbl.cz/en/information/information-for-vets/antimicrobials-under-qprudent-useq
51 Available at: https://www.gpo.gov/fdsys/pkg/FR-2012-01-06/pdf/2012-35.pdf
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relating to reports of high rates of ceftiofur resistance in S. Heidelberg isolates from chicken meat.
Following the withdrawal there was a sharp decline in the prevalence of ceftiofur resistance from 2004
to 2006 among S. Heidelberg isolates from retail chicken and from human infections. In 2007, there
was a partial reintroduction of the use of ceftiofur by the hatcheries and simultaneous re-emergence
of ceftiofur resistance, suggesting that the fluctuation was the result of exposure to ceftiofur in the
chicken hatcheries (Dutil et al., 2010).

In Canada, in May 2014, the poultry industry formally eliminated the use of antimicrobials
considered of very high importance to human medicine (including 3rd-generation cephalosporins) in
broiler chickens and turkeys. This policy was extended to the broiler breeder sector in May 2015. The
2014 elimination of 3rd-generation cephalosporin use has corresponded with a significant decrease in
the proportion of flocks reporting ceftiofur use at the hatcheries and with changes in resistance to
third 3rd-generation cephalosporins. For Salmonella spp., 3rd-generation cephalosporin resistance
trends have shown different regional patterns, but overall, a decreasing trend has been apparent. For
E. coli, overall less 3rd-generation cephalosporin resistance was observed in 2014 across the country
and similar changes were observed following a voluntary end of ceftiofur use in Québec during the
period of 2005-2006.°2

Concluding remarks

e Identification of the particular measures that have a significant impact on the consumption of
CIAs specifically is not straightforward as often several measures are implemented
simultaneously and many other factors play a role.

e The following measures have been identified in relation to CIAs:

— Emphasis of prudent use of CIAs in treatment guidelines.

—  Classification of 3rd- and 4th-generation cephalosporins and fluoroquinolones into so-called
third choice antimicrobials or red molecules/substances, which implies that in principle they
can only be used for treatment of individual animals and only after antimicrobial
susceptibility testing shows that no effective alternative antimicrobials are available.

— Voluntary bans in animal production sectors on the use of CIAs.

— Legislation requiring AST to show that effective alternatives are not available before
prescribing CIAs.

—  Setting specific reduction or benchmark targets for the use of CIAs.

— Higher (differential) tax to be paid on CIAs compared to other antimicrobials.

e In some MSs, measures have only been implemented recently; in these cases it may be too
early for an impact on CIA consumption and antimicrobial resistance to be seen.

e The impact on sales of CIAs is variable, with some countries showing an increase in
consumption of (specific) CIAs, but other countries having achieved significant reduction.

e Where observed, the reduction in use of CIAs appears in general to have a reducing impact on
AMR to CIAs; although it should be taken into account that several years may be needed
before a trend can be reliably concluded upon. An exception would appear to be reduction in
the use of fluoroquinolones and the occurrence of resistance in Campylobacter spp. where,
even after several years, impacts are less tangible.

e Some measures, e.g. treatment guidelines, have been implemented on a voluntary basis
whereas other measures, such as increased tax, have a legal basis immediately. In other
cases, measures first adopted voluntarily have later been introduced into legislation.

e In particular the legal requirement for antimicrobial susceptibility testing prior to use of CIAs
(and anticipation of this) appears to have a marked impact on the sales of CIAs.

e In several countries animal production sectors have implemented a voluntary ban on the use
of, e.g. 3rd- and 4th-generation cephalosporins, which subsequently led to a decrease in
consumption. This shows the importance of involving all stakeholders and creating a sense of
ownership of the responsibilities surrounding AMR.

Recommendations

e Development of sector-specific treatment guidelines at national/regional level should be
encouraged. Training in their use should be a key part of antimicrobial stewardship
programmes.

52 Available at: http://www.ontlpc.ca/pdfs/CIPARSSurveillanceBulletin.pdf
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e A set of clear general criteria should be developed on which to base treatment guidelines. In
addition to considering factors associated with clinical effectiveness, the risk to both animal
and public health due to AMR should be taken into account.

e Guidelines need to be updated regularly to take account of the evolution of AMR locally and in
a public health context to reflect any change in the importance of a particular substance to
human medicine.

e Treatment guidelines should pay specific attention to the responsible use of CIAs, so that they
are reserved for use after susceptibility testing and only where no alternative antimicrobial
would be effective.

e National targets for reduction in the use of fluoroquinolones, 3rd- and 4th-generation
cephalosporins and colistin should be considered.

e Livestock sectors should also be encouraged to set specific targets for the reduction in the use
of fluoroquinolones, 3rd- and 4th-generation cephalosporins and colistin.

e Consideration should be given to require mandatory bacteriology and antimicrobial
susceptibility testing prior to the prescription of fluoroquinolones, 3rd- and 4th-generation
cephalosporins and colistin.

e Consideration should be given to a legal prohibition of any use of 3rd- and 4th-generation
cephalosporins in poultry at the EU level.

e Consideration should be given to strategies to replace the use of 3rd- and 4th-generation
cephalosporins (a) in cows, administered as blanket intramammary dry cow therapy; (b)
administered as systemic injections due to the advantage of short/zero day milk withdrawal
periods and as long-acting formulations solely to reduce the need for animal handling.

e As many MSs rely in their treatment guidelines on CIA lists developed by bodies such as WHO
for determining the importance of antimicrobials to human health, it is important that a
regularly reviewed list is available at the EU level (such as that developed by AMEG) to take
account of the evolution of AMR and changing importance of different substances/classes to
human medicine.

3.3.5. Off-label and cascade use

In EU legislation, it is considered implicit that veterinarians should follow the SPC instructions for
authorised veterinary medicines. Use outside of the SPC is commonly referred to as ‘off-label’ use and
is defined in the European Directive 2001/82/EC as amended by Directive 2004/28/EC:

‘The use of a veterinary medicinal product that is not in accordance with the summary of the
product characteristics (SPC), including the misuse and serious abuse of the product.

Acknowledging that approved indications for veterinary medicinal products might not cover
completely all clinical needs, especially for minor species and rare diseases or minor uses (MUMS),
then regulations are in place to allow use outside approved indications. Thus, there are clinical
situations in which off-label drug use is necessary. Furthermore, the availability of authorised veterinary
antimicrobial products differs between countries for various reasons. Within the EU, this scenario is
recognised in Article 11 of the Directive where a concept known as ‘the cascade principle’ was
developed. The principle of the cascade is that if no suitable veterinary medicine is authorised in the
member state to treat a condition, the veterinary surgeon responsible for the animal may, ‘by way of
exception’ and ‘in particular to avoid causing unacceptable suffering’ treat the animal in accordance
with the following sequence in descending order of priority:

e a veterinary medicinal product authorised in the MS for use in another animal species or for a
different condition in the same species;
e if there is no such product, then either:

— a medicine authorised for human use in the MS; or
— a VMP authorised in another MS for use in the same species or another species;

e if there is no product referred to above, a VMP prepared extemporaneously.

The use of the expressions, ‘by way of exception’, and ‘in particular to avoid unacceptable suffering’
allows legislators to indicate that off-label use is restricted and that it is assumed that the legislation is
used on only rare occasions; in veterinary practice there are many therapeutic gaps. At present, there
is very little data available on the volume of off-label antimicrobial use in the EU and therefore very

www.efsa.europa.eu/efsajournal 72 EFSA Journal 2017;15(1):4666



o EUROPEAN MEDICINES AGENCY eJ EFSA S5l
SCIENCE MEDICINES HEALTH

EMA and EFSA Joint Scientific Opinion, RONAFA

little evidence on which to base an assessment of the risk due to AMR that this use actually poses to
public health.
More common reasons for off-label antimicrobial use include:

e unintentional off-label use (e.g. under-dosing of in-feed formulations, lack of harmonised
SPCs);

unmet medical need (e.g. MUMS, surgical prophylaxis/prevention);

alternative routes of administration (e.g. inhalational, in ovo);

individual patient characteristics (e.g. neonates, difficult to handle animals);

complex conditions (e.g. dysbacteriosis);

practical considerations (e.g. preference for oral products, preference for shorter withdrawal
periods);

e alternative posologies;

e combination treatments (e.g. to compensate for lack of diagnosis);

e non-antibacterial purposes (e.g. immunomodulatory effects).

Thus, there are examples of ‘appropriate’ off-label antimicrobial use and ‘inappropriate’ or misuse of
antimicrobials. Some examples of ‘appropriate’ off-label antimicrobial include those with good
documentation of a clinically relevant infection where either other approved antimicrobials will not
suffice or other factors (PK/PD, dose, route-of-administration) will lead to an off-label antimicrobial use
providing more optimal evidence-based patient therapy.

Unintentional off-label use may occur, for example, with use of oral group treatments, which are
frequently under- and sometimes over-dosed (Timmerman et al., 2006; Callens et al., 2012; Persoons
et al., 2012). This could be associated with misevaluation of bodyweight at the time of administration,
failure to follow or lack of clear dosing instruction in the SPC, and may lead to ineffective treatment,
increased risk of development of AMR and an overall increase in antimicrobial use.

If veterinary practitioners choose off-label use of antimicrobials systematically as a substitute for
good farm management, biosecurity, optimal hospital hygiene, or lack of a precise diagnosis, this could
be classed as ‘misuse’.

Using antimicrobials off-label for purposes other than antibacterial (e.g. AGPs) could be defined as
serious ‘abuse’. Furthermore, practices that have been found to lead to the widespread dissemination
of resistant bacteria or genes of public health concerns (e.g. in ovo use of cephalosporins in parent
flocks or day-old chicks) are increasingly being recognised as an ‘abuse’ of off-label antimicrobials
(see Section 3.3.4.4).

As noted above, some MSs have legislated to prohibit cascade use of certain CIAs (fluoroquinolones
and 3rd- and 4th-generation cephalosporins).

A more detailed overview of off-label use of antimicrobials in veterinary medicine by the CVMP is in
progress.

Recommendations

e Further research should be done into the nature and extent of off-label use of antimicrobials in
food-producing animals in the EU, and the associated potential for impacts on AMR.

e The regulatory system should encourage the availability and maintenance of a range of
antimicrobial VMPs across all the EU MSs so that veterinarians can base antimicrobial
prescribing on evidence-based SPC guidance and principles of responsible use rather than
therapeutic decisions being driven by local product availability.

e When prescribing under the cascade, the risk to public health due to AMR should be taken into
account alongside the need to protect animal welfare.

e Evidence-based treatment guidelines can support responsible off-label use of antimicrobials by
taking into account the local AMR situation and product availability in the member state in
addition to the general clinical evidence base for such use. The potential impact on public
health should be included in the risk assessment underlying this guidance.

3.3.6. Prophylaxis, Prevention, Metaphylaxis

The concept of prophylaxis appears to have first entered the scientific literature in relation to food-
producing animals in the 1950s, mostly in response to high mortality rates (King et al.,, 1955).
Reference to metaphylaxis first appeared in the 1980s.
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Different definitions exist in the scientific literature for the terms prophylaxis, prevention and
metaphylaxis. For example, prophylactic use of antimicrobials is typically regarded as a herd
management measure designed to maintain health (of an individual or group of animals) and prevent
the occurrence of disease. Recently, the EMA guideline for the demonstration of efficacy for veterinary
medicinal products containing antimicrobial substances has been revised (EMA, 2016a). The term
‘prevention’ is defined as ‘the administration of a veterinary medicinal product (VMP) to healthy
animals to prevent infection if the risk for infection is very high and the consequences severe’. EPRUMA
uses the terms preventive treatment and prophylaxis synonymously, with the following definition,
‘Preventive treatment (Prophylaxis): treatment of an animal or a group of animals before clinical signs
of disease, in order to prevent the occurrence of disease or infection”.>*

The essence of most definitions is that prophylaxis/prevention involves the administration of an
antimicrobial agent to ‘healthy’ individuals in order to ‘prevent’ an infection due to a perceived ‘risk’.
Often the risk is neither defined nor quantified in the justification for preventive use.

For herd-health purposes, preventive uses of antimicrobials have been based on:

traditional farm practices or attitudes;

reduced labour costs since less monitoring of animals is needed;
previous history of herd outbreaks;

herd management practices:

— introduction of new animals into groups (e.g. ‘welcome shots’);

— high stocking densities (i.e. increased ‘risk’ of disease);

— scheduled events in the production animal cycle (e.g. dry-off cow period, before
transport);

— stressful events (e.g. weaning, castration, dehorning, viral outbreaks).

Originally, the term ‘metaphylaxis’ was defined in the scientific literature as the same as prevention,
where the only difference was that prevention is given to individuals and metaphylaxis is given to
groups/flock/herd. Other working definitions have been specified and are more frequently utilised
today. For example, the EMA guideline (EMA, 2016a) has defined metaphylaxis as the ‘Group
treatment of all clinically healthy (but presumably infected) animals kept in close contact with animals
showing clinical signs of a contagious disease. Metaphylaxis is always combined with the treatment of
the diseased individuals ... Different definitions from the scientific peer-reviewed literature, include:

e metaphylaxis is defined as the treatment of an entire group or population with an approved
antimicrobial medication with the intent of controlling the incidence of acute onset disease in
highly stressed, newly received animals (Urban-Chmiel and Grooms, 2012);

e metaphylaxis is indicated for ‘high-risk individuals’, when the number of clinical cases within a
group reaches a threshold, the remainder of the in-contact animals are treated simultaneously
in order to restrict the spread and impact of the disease (Lees and Shojaee Aliabadi, 2002).

According to Edwards (2010) and Smith et al. (2001), the criterion for whether to apply
antimicrobial metaphylaxis to a particular group of animals is when morbidity exceeds 10% (known as
the ‘attack rate”) for 2-3 consecutive days.

Both metaphylaxis and prevention have the potential for substantial consumption of antimicrobials
since ‘healthy’ individuals usually outnumber sick individuals in any given scenario. In some livestock
systems (e.g. poultry, fish), treatments can only be applied to a whole group of animals. Certain types
of veterinary medicinal products (VMPs) used in food-producing animals are suited for easier
administration as either preventive treatment or metaphylaxis. For example, antimicrobials intended for
oral use in drinking water and premixes for medicated feeds are used commonly for larger populations
of food-producing animals. According to (EMA ESVAC, 2016), in 2014 91.6% of overall antimicrobial
sales were for oral administrations; data are not available on the proportion used for each of
preventive, metaphylactic and curative use. A recent DG SANTE questionnaire confirmed that data on
mass medication is not specifically collected in most EU member states.

53 Available at: http://www.epruma.eu/publications/factsheets/publication/32-epruma-document-on-veterinary-medicinal-product-
terminology.html

www.efsa.europa.eu/efsajournal 74 EFSA Journal 2017;15(1):4666


http://www.epruma.eu/publications/factsheets/publication/32-epruma-document-on-veterinary-medicinal-product-terminology.html
http://www.epruma.eu/publications/factsheets/publication/32-epruma-document-on-veterinary-medicinal-product-terminology.html

o EUROPEAN MEDICINES AGENCY eJ EFSA S5l
SCIENCE MEDICINES HEALTH

EMA and EFSA Joint Scientific Opinion, RONAFA

3.3.6.1. Examples of prophylaxis/prevention and metaphylaxis from literature

In a Belgian study assessing antimicrobial consumption in veal calves, approximately 13.0% of
antimicrobials were used preventively (immediately after arrival on farm) and 87.0% for metaphylactic
use or as a curative measure (Pardon et al., 2012a). Antimicrobial use was higher than that in the pig
and poultry industries and it was suggested that this may be due to the organisation of the veal
industry in Belgium in which young calves are sourced from multiple farms and comingled after the
stress of recent transportation, increasing disease risk. The authors concluded that antimicrobial use
could be reduced by decreasing the number of oral antimicrobial group treatments and improving
management practices.

In another Belgian survey conducted in 2003 and designed to quantify antimicrobial drug
consumption in pigs, injectable antimicrobial drugs were found to be mainly administered for preventive
treatments at birth and castration and included broad-spectrum penicillins and cephalosporins. Group
treatments for diarrhoea were mainly metaphylactic, using fluoroquinolones and aminoglycosides.
Polymyxin E (colistin) was administered mainly to prevent post-weaning diarrhoea (Timmerman et al.,
2006). A later similar survey in Belgian pigs conducted in 2010, (Callens et al., 2012) identified an
increase in group level treatments and that 93% of them were for preventive reasons and often lacked a
precise diagnosis. Group treatments via oral administration accounted for higher antimicrobial exposure
than via injectable administration (TIapppig 183.5 and 52.3, respectively). The most frequently used
antimicrobials at oral group level were colistin (30.7%), mainly to prevent post-weaning E. coli
infections, and amoxicillin (30.0%), as prevention against streptococcal infections. Of concern was a
shift from oral group treatments with doxycycline and potentiated sulfonamides towards use of long-
acting injectable formulations, some of which included 3rd- and 4th-generation cephalosporins. It was
suggested that farmers on large production facilities often consider the preventive use of antimicrobials,
in spite of the associated high cost, as a necessity to achieve less disease, lower mortality and better
production results, as well as easier and less labour intensive to implement than treatment of clinically
diseased animals after losses have occurred (Callens et al., 2012).

A survey of antimicrobial consumption in farrow-to-finish farms conducted in 2010 in Spain showed
that 34.2% of records related to use for prophylaxis indications, decreasing from the preweaning phase
(49.0%) and growing phase (41.6%) to the fattening phase (15.0%) (Moreno, 2014b). Preventive
treatment was administered on 96% of farms during the 6-month period of the survey, with digestive
and respiratory disorders being the most common indications. Administration was via medicated feed
in 70.5% of records with colistin, amoxicillin and zinc oxide being the most used substances.
Therapeutic/metaphylactic use was indicated in 65.8% of records and in 65.5% of records was
associated with parenteral administration. The substances mostly administered by parenteral route were
B-lactams and fluoroquinolones. It was shown in a wider survey that antimicrobial consumption in
fattening pigs was higher on farms, which only finished pigs and this was attributed to a high turnover
of animals coming from multiple sources and greater use of preventive treatments (Moreno, 2012).

In the UK, pig veterinarians considered that use of in-feed antimicrobials was justifiable for
prevention of disease. If management changes to allow withdrawal of preventive measures were not
practical or not seen as economically feasible, then veterinarians expressed concerns about the
impacts withdrawal of preventive use would have on animal welfare, and also perceived that there
would be pressure to prescribe from farmers reluctant to suffer an economic loss (Coyne et al., 2016).

Sjolund et al. (2015) compared the herd level use of antimicrobials among farrow-to-finish farms in
Belgium, France, Germany and Sweden. The treatment index was lowest in the Swedish herds where
most treatments were therapeutic (curative) individual treatments; whereas in Belgium, Germany and
France it was common practice in some herds to apply group treatments to suckling and weaned
piglets at strategic time points when the pigs were thought most likely to contract disease. The
authors noted that Sweden is free of porcine reproductive and respiratory syndrome (PRRS) and that
more severe disease may be seen in pigs that have this infection concurrent to infections with
Streptococcus suis or Mycoplasma hyopneumoniae. They commented that pig and herd density is
lower in Sweden, and this could influence disease transmission within the region.

In Denmark, a trial was conducted to investigate the efficacy of oxytetracycline (OTC) in the
treatment of Lawsonia intracellularis (LI) in pigs when administered at either the batch, pen or
individual animal level (Larsen et al., 2016). Treatment was started when Ll-related diarrhoea was
detected in the batch and batches were randomly assigned to a treatment strategy. For the
batch-treated group, 100% of pigs received oral treatment with OTC for 5 days. For the pen-treated
group, the same treatment was administered to the diarrhoeic pens only, and 87% of pigs received
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medication. The individually treated pigs were treated with OTC by injection when they showed signs
of diarrhoea, and 55% of pigs were treated. The batch treatment was found to be the most effective
in reducing high-level LI-shedding and diarrhoea, although the number of animals treated was the
greatest.

The effectiveness of metaphylactic use of the macrolide, gamithromycin, to control bovine
respiratory disease (BRD) was investigated in recently comingled cattle at rearing units across Europe
(Baggott et al., 2011). Healthy animals were treated either with gamithromycin or placebo control
when at least 5% of cattle in the same airspace had presented clinical signs of BRD. Treatment
success (lack of clinical signs) was 86% in the treated group, compared to 61% in the control group
(p = 0.0012); indicating that morbidity was reduced by 64%. Based on the data included in the
publication, then the number of animals needed to treat (NNT) to prevent one clinical case was four
under the conditions of this study (range 2.5 to 11 across the 5 sites). The authors commented that
therapeutic treatment will generally result in the lowest level of antimicrobial use, but requires good
stockmanship to detect BRD in its early stages, and adequate labour and handling facilities, in order to
protect animal welfare. It has been suggested that the decision to treat should weigh up the risk of
infection with the risk of use of an antimicrobial. Factors to take into consideration include knowledge
of the specific diagnosis and virulence of the organisms based on previous experience of the disease
on the holding and a prediction of the animal’s immune status.

A further study was conducted to evaluate a selective approach to the use of metaphylaxis in
feedlot calves in the Netherlands (Gonzalez-Martin et al., 2011). In this study, it was shown that
administration of metaphylaxis with florfenicol based on treatment of calves with a rectal temperature
> 39.7°C was associated with lower antimicrobial use and less intensive handling of calves compared
to mass metaphylaxis.

Commenting on the feedlot and veal calf industries in the USA, Ives and Richeson (2015) identified
that a major obstacle to the successful management and control of bovine respiratory disease in these
cattle populations is associated with the segmented infrastructure of the industry. For example, calves
change ownership frequently and are therefore subject to multiple stressor such as transportation,
relocation and comingling. This provides ample opportunity for pathogens associated with bovine
respiratory disease to colonise the lower respiratory tract. Preconditioning programmes aimed at
improving the health of calves at the time of transition by use of vaccination, castration and allowing
adequate time for weaning/feeding training prior to shipping are recommended. Further, it was noted
that the poor sensitivity of field diagnostics, and labour issues were additional reasons to use
metaphylaxis (Ives and Richeson, 2015).

Antimicrobial dry cow therapy (ADCT) was introduced as part of the Five-point Mastitis Control Plan
in the 1950s and can be regarded as either preventive or metaphylactic use. The goal is to treat
existing intramammary infections (IMI) during the dry period, and prevent new infections from
establishing during this high-risk stage. ADCT was often administered to the whole herd as a
blanket treatment. In a recent survey of drying-off practices on dairy farms in northern Germany
(Bertulat et al., 2015), 79.6% of participating farms practised blanket ADCT. Since the prevalence of
contagious mastitis pathogens has now decreased and due to concerns about AMR, this approach is
now under question (Biggs et al., 2016). Selective ADCT is an alternative approach in which the risk of
the presence of IMI is investigated for each cow using diagnostic tests such as bacteriology, California
Mastitis Test and individual somatic cell counts (SCC). The decision to treat an individual animal is also
made on the basis of the cow’s history and knowledge of the herd. Use of selective as opposed to
blanket ADCT has the potential to reduce antimicrobial use and negatively impact udder health
depending on the SCC criteria used to select cows for ADCT (Scherpenzeel et al., 2016). In the
Netherlands, preventive use of antimicrobials in dry cows has been prohibited since 2011. MARAN
(2015) notes that there has been a reduction in the use of antimicrobials in dairy cattle and
particularly a shift away from use of CIAs in ADCT in 2012 and 2013, and a reduction in ADCT in 2014.
A survey of Dutch dairy farms conducted in 2013 found that udder health had not deteriorated
compared to that seen in previous studies where herds were smaller and before the restriction in
antimicrobial use (Santman-Berends et al., 2016).

3.3.6.2. Actions taken in the Member States

In several MSs preventive use of antimicrobials is not allowed, or only in limited circumstances. In
1995, preventive use of antimicrobials became illegal under Danish law. Veterinary Advisory Service
Contracts (VASC) between veterinarian and farmer were introduced in 1995, and became compulsory
for large cattle and pig farms in 2010 (see Section 3.3.7). Under the VASC, when veterinarians
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prescribe group treatments for pigs for respiratory or gastrointestinal infections, by law they must verify
the diagnosis by submission of samples to an approved laboratory. Between 2009 and 2011, coinciding
with the introduction of the Yellow Card initiative (see Section 3.3.7), there was a 25% reduction in the
total antimicrobial use per pig produced, explained mainly by a reduction in prescription of oral
antimicrobials (tetracyclines, macrolides and pleuromutilins) for treatment of gastrointestinal disease in
weaners and finishers. It was hypothesised that the decrease in use of tetracyclines could be related to
cessation of systematic metaphylaxis in some herds (Jensen et al., 2014).

The German Medicinal Products Act, 2005,>* includes special provisions that require the use of
antimicrobials in animals to be justified in compliance with Federal Veterinary Surgeons’ Association
Guidelines for the prudent use of veterinary antimicrobial drugs. The guidelines state that the use of
antimicrobials preventively in healthy (uninfected) animals should be avoided except in well-founded
cases, such as in association with surgery or in immunocompromised patients. For metaphylactic use,
then it should be proven that the infection is expected in animals in the herd not yet showing signs
and that illness would otherwise manifest soon.

In accordance with the Dutch government’s policy on responsible use of antimicrobials in food-
producing animals,>> preventive use was ‘prohibited’ by the deletion of such indications from the label
texts and SPCs of antimicrobial medicines, and a re-emphasis that off-label use should be limited to
exceptional cases. In addition, third choice antimicrobials (3rd- and 4th-generation cephalosporins,
fluoroquinolones) may only be used on an individual animal basis and following susceptibility testing.

In Belgium AMCRA recommends that there should be no preventive use of antimicrobials, except
associated with perioperative use and for dry cow management.

In Sweden about 90% of antimicrobial consumption is for treatment of individual animals, and 10%
is for group treatments (Public Health Agency of Sweden and SVA, 2015). Products for group
treatment are mostly used for pigs, and use has decreased by 55% since 2010. Consumption of
pleuromutilins decreased by 64% in 2014 compared to 2010, and was thought to be due to an
eradication and certification programme for swine dysentery. Over the same period, use of macrolides
decreased by 55%; it is suggested that this may reflect better management of concomitant infections
in farms affected by PWMS and introduction of vaccination. In pigs, there has been a shift from use of
group medication to individual animal treatment and use of narrow spectrum agents such as
benzylpenicillin.

The French Agency for Food, Environmental and Occupational Health and Safety provided an opinion
in 2014 on the risk of emergence of AMR associated with modes of antibiotic use in animal health
(ANSES, 2014). This report reviewed preventive, metaphylactic and curative use of antimicrobials in
various animal sectors with the objective of identifying ‘at-risk practices’ (i.e. those resulting in significant
selection of AMR bacteria). The experts involved concluded that metaphylactic treatment is appropriate in
so far as it can increase the benefit/risk compared to preventive treatment. In regards to use of
preventive treatments, in many cases it was concluded that these could be abandoned either
immediately, or over a period of time to allow the introduction of recognised alternative measures. It was
recommended that the specific practices should be considered further by sector professionals. To allow
for phasing out of preventive use, there is a need to identify sick animals rapidly in case of the need for
treatment. In regards to metaphylaxis, it was recommended that appropriate indicators should be
defined on which to base the decision-making criteria for prescription. Furthermore, the development of
early detectors of disease should be encouraged in order to improve the indicators.

It was proposed that there should be no systematic use of preventive and metaphylactic treatment,
with their use being based on aetiological diagnosis and prescriptions limited in duration. Underlying
factors were identified that lead to the use of the various at-risk practices, such as technical, economic
and sociological constraints, poor biosecurity and management practices.

Some examples of identified ‘at-risk practices’ are given in Table 4.

5% Medicinal Products Act (The Drug Law), published on 12 December 2005, as last amended.
55 Available at: https://www.government.nl/documents/leaflets/2014/02/28/reduced-and-responsible-use-of-antibiotics-in-food-
producing-animals-in-the-netherlands
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