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Introduction

The silent pandemic of antimicrobial resistance
(AMR) is an important One Health issue as antimi-
crobials are used extensively in humans, animals, and
on plants, and antimicrobial resistant bacteria can
develop, disseminate, and have impacts on human,
animal, and environmental health. Antimicrobials
are used extensively in animals, particularly in food
animal production, and most antimicrobials that are
used in animals are from medically important drug
classes that are used in humans.

The role of antimicrobial use (AMU) in animals on
AMR in humans is poorly quantified. It is reasonable
to assume that most AMR in humans results from
AMU in humans, while most AMR in animals results
from AMU in animals. However, AMR in some zoo-
notic pathogens can result in significant disease
burdens in humans, which can vary by country, and
AMU in animals undoubtedly contributes to some
degree towards AMR in humans. A recent study esti-
mating the burden of AMR on humans identified six
leading pathogens associated with AMR deaths, some
of which (most notably Escherichia coli and Staphylo-
coccus aureus) can be associated with zoonotic infec-
tion.! The impact of AMU in animals is most readily
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Abstract: The majority of antimicrobials that
are produced are administered to animals, par-
ticularly food animals. While the overall impact
of antimicrobial use in animals on antimicrobial
resistance in humans and the environment is
unclear, it undeniably has a role. Yet, some degree
of antimicrobial use in animals is necessary for
animal health and welfare purposes. Balanc-
ing the benefits and risks of antimicrobial use in
animals is challenging because of the complexity
of the problem and limitations in available data.
However, a range of measures can be implemented
to reduce, refine and optimize antimicrobial use
in animals, with a goal of minimizing the impact
on human and environmental health while main-
taining necessary therapeutic use in animals. A
pandemic instrument can provide the necessary
foundation for the whole-of-society and whole-of
government One Health approach that is required
to strengthen surveillance, communication, col-
laboration, and action.
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quantifiable when assessing the burden of AMR in
foodborne pathogens. However, food is not the only
potential source of exposure to zoonotic pathogens.
Transmission can also result from direct contact with
animals or their environments, as well as dissemina-
tion of AMR genes between bacteria. Environmen-
tally acquired infections from bacteria of animal-
origin and transmission of resistance determinants
are poorly understood and require further study.
While AMU in animals likely accounts for a minor-
ity of AMR issues in humans, given the massive and
accelerating scope of global AMR, a minor contribu-
tion could still account for large numbers of total lives
lost, disability-adjusted life years lost and high direct
and indirect economic costs. Further, the ultimate
destiny of antimicrobials is often the environment via
feces, urine or disposal of antimicrobial-containing
feed or water, with poorly understood environmental
impacts.

Recognition of the potential impact of AMU in ani-
mals can lead to logical efforts to minimize AMU and
the impact on AMR, with a parallel (and sometimes
conflicting) goal of ensuring that antimicrobials are
properly used, but only when necessary. Restriction
is often the focus of discussion of potential regulatory
approaches to AMU in animals. However, elimination
of AMU in animals is not a realistic goal. As long as

animals are kept for food, as companions, work, or
conservation, there will be medical and ethical needs
to treat them. Therefore, efforts need to be directed
at reducing the need for antimicrobials, optimizing
AMU in animals, maximizing the positive impacts
while minimizing adverse effects on humans, animals,
and the environment. The objective of this paper is to
discuss potential governance approaches to optimiz-
ing AMU in animals within a pandemic instrument
that uses a broad whole-of-society and whole-of gov-
ernment One Health approach, while highlighting the
inherent and often under-appreciated complexities.

Antimicrobial Use in Animals
Antimicrobial stewardship aims to optimize AMU,
and an understanding of how antimicrobials are used
in animals is required to develop and evaluate poten-
tial interventions. Antimicrobial use in animals can
be divided into four categories, although the lines
between them are sometimes indistinct (Table 1).
AMU can also be separated into veterinary and
non-veterinary medical use, categories that can also
be indistinct. This categorization typically refers to the
intended purpose of use (impacting disease vs solely
impacting growth), with non-veterinary use being
administration of antimicrobial agents for a purpose
other than to treat, control or prevent infectious dis-
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Table |

Antimicrobial Use Definitions

Type of Use Definition

Treatment
of an infectious disease.?

Administration of an antimicrobial agent to an individual or a group of animals showing clinical signs

Prophylaxis/prevention of
disease

Administration of an antimicrobial agent to an individual or a group of animals at risk of acquiring
a specific infection or in a specific situation where infectious disease is likely to occur if the
antimicrobial agent is not administered.?

Metaphylaxis/disease control

spread of the disease.*

Administration of an antimicrobial agent to a group of animals containing sick animals and healthy
animals (presumed to be infected), to minimize or resolve clinical signs and to prevent further

Growth promotion

efficiency of feed utilisation.

Administration of antimicrobial agents to animals to increase the rate of weight gain or the

eases (i.e., growth promotion). However, ‘veterinary’
uses can also be undertaken without involvement of
veterinary professionals (with owner-sourced antimi-
crobials) or with limited direct veterinary involvement
(e.g., owner-directed treatment using antimicrobials
sourced from a veterinarian).

An additional factor when considering AMU in ani-
mals is the breadth of the term ‘animals’. Antimicro-
bials are used in diverse species, including terrestrial
food animals (e.g., cattle, swine, goats, sheep, camels,
poultry), aquatic food animals (e.g., finfish, crusta-
ceans, amphibians), companion animals (e.g., dogs,
cats), working animals (e.g., horses, donkeys, water
buffalo, service animals, detection animals), perfor-
mance animals (e.g. horses), fibre and fur bearing spe-
cies (e.g., camelids, mink), bees and wildlife (includ-
ing captive species that may be critically endangered).
Even within those categories, there can be marked dif-
ferences in AMU and AMR, with further major differ-
ences even within animal species (e.g., beef cattle vs.
dairy cattle vs. veal calves). This highlights the chal-
lenges when addressing “AMU in animals” as “animals”
represents a highly heterogenous group with different
disease risks, AMU practices, AMR challenges and
risks of zoonotic transmission of antimicrobial resis-
tant organisms. A further consideration is marked dif-
ferences in animal management within and between
countries, especially between high income countries
(HICs) and lower- and middle-income countries
(LMICs).

Intended use of animals is yet another consideration.
Economic factors may be a driving influence on man-
agement, prevention, diagnostic, and treatment con-
siderations. Loss of animals or decreased production
have economic impacts, potentially with downstream

social consequences, especially for subsistence farm-
ers and small stakeholders. Working equids may be
critical to individual farmers. Companion animals may
have profound emotional importance to individuals.
Administration practices also vary between species
and management systems. This can include specific
treatment of individual animals, treatment of a group
of animals through direct dosing (e.g., administration
of injectable antimicrobials to all individuals within
a group of animals) and indirect group treatment
through administration of antimicrobials in water or
feed. In some situations, treatment of individual ani-
mals is difficult (e.g., large group of terrestrial food
animals) or usually impossible (e.g., aquaculture).

How Antimicrobials Are Accessed for Use in
Animals

An understanding of how antimicrobials are accessed
and used is fundamental to considerations of how
to restrict or reserve drugs for human use. Access to
antimicrobials is highly variable internationally, rang-
ing from prescription-only to unrestricted over-the-
counter access. Oversight can include animal-level
prescription by a veterinarian, farm-level prescrip-
tion, farm- or animal-level support from trained lay
personnel (particularly in areas with limited access
to veterinarians), recommendations from variably
trained (and often untrained in animal disease) phar-
macists, or no guidance whatsoever.

Dispensing mechanisms are similarly variable. They
include direct sale from a veterinarian who has pre-
scribed the drug (the main pathway in many regions),
prescription from a veterinarian to be filled at a phar-
macy, over-the-counter (non-prescription) purchase
from a veterinary clinic, pharmacy or other source,

ADDRESSING ANTIMICROBIAL RESISTANCE THROUGH THE PROPOSED PANDEMIC INSTRUMENT ® WINTER 2022 57
The Journal of Law, Medicine & Ethics, 50 S2 (2022): 55-63. © 2023 The Author(s)

https://doi.org/10.1017/jme.2022.80 Published online by Cambridge University Press


https://doi.org/10.1017/jme.2022.80

JLME SUPPLEMENT

purchase of antimicrobial-containing feed from a feed
mill, purchase of compounded antimicrobials, pur-
chase of antimicrobials through online sources and
direct importation of active pharmaceutical ingre-
dients. Numerous potential pathways for antimicro-
bial access add significant complexity to measures to
monitor and control AMU in animals. While easier to
obtain, the mass of antimicrobials that are purchased
or prescribed do not necessarily accurately reflect the
amount of product administered to animals by the end
user. International efforts to facilitate and encourage
(or require) collection of reliable and standardized (or
at least comparable) AMU data are needed to better
understand AMU patterns, to evaluate the impacts of
AMU and to provide benchmarking data for interven-

the potential impact of AMU in animals on AMR in
important human pathogens. Classifications of most
drug classes tend to be similar between guidelines,
but there are some notable differences. Some of these
differences can be accounted for by regionally dif-
ferent antimicrobial access, AMU, AMR and disease
patterns, or through application of different ranking
criteria. Other documents refer to the importance of
antimicrobial agents in human? or veterinary? medi-
cine, but do not include assessment of the likelihood
and consequences of AMR. Harmonization of these
approaches is lacking. A short-term goal should be
development of international (quadripartite) guid-
ance for AMU in animals that considers risks posed
by AMU in animals and the importance of the antimi-

A short-term goal should be development of international (quadripartite)
guidance for AMU in animals that considers risks posed by AMU in animals
and the importance of the antimicrobial in humans and animals, along with
examination of potential unintended consequences of restriction, to provide

guidance for regulation and use of antimicrobials in animals. Ideally, this

should involve separate considerations for food and companion animals
because of different use patterns, human contact, zoonotic pathogens
and human-animal bond considerations. A pandemic instrument can
facilitate such an effort through efforts to promote, support, strengthen
and sustain One Health related activities. It can further encourage and
support harmonization of communication and guidance from members
of the quadripartite that currently have separate, unlinked and sometimes
conflicting approaches to AMU and AMR in animals.

tions. Recognizing the challenges for some regions,
these efforts should include collection of data at the
farm and animal level, not simply overall production,
importation, or sales data.

Antimicrobial Prioritization Efforts

Antimicrobial prioritization efforts have been under-
taken by various groups and countries and can be
the foundation of monitoring and restriction efforts.
The World Health Organization’s Critically Impor-
tant Antimicrobial list® and the European Medicine’s
Agency’s Categorization of Antimicrobials for Use in
Animals? are notable prioritization efforts. National
lists have also been developed by some countries,
typically HICs. Prioritization efforts are based on
the importance of the drug in human medicine and
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crobial in humans and animals, along with examina-
tion of potential unintended consequences of restric-
tion, to provide guidance for regulation and use of
antimicrobials in animals. Ideally, this should involve
separate considerations for food and companion ani-
mals because of different use patterns, human con-
tact, zoonotic pathogens and human-animal bond
considerations. A pandemic instrument can facilitate
such an effort through efforts to promote, support,
strengthen and sustain One Health related activities.
It can further encourage and support harmonization
of communication and guidance from members of the
quadripartite that currently have separate, unlinked
and sometimes conflicting approaches to AMU and
AMR in animals.
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Possible Mechanisms to Regulate
Antimicrobial use in Animals

Numerous potential approaches can be taken to regu-
lating and restricting AMU in animals (Table 2). While
it is reasonable to suspect that most or all of these
would have beneficial impacts on AMU and corre-
spondingly at least some reduction in AMR, data eval-
uating the impact of individual approaches are largely
lacking and impacts likely vary between animal spe-
cies, production system types and countries. Almost
all directly focus on AMU, but measures to improve
animal health systems must also be considered, as
improved animal health systems should reduce illness
in animals and the need for antimicrobials. While not
addressing AMU directly, improved animal health sys-
tems (including biosecurity, vaccines and antimicrobial

Table 2

alternatives) could have the greatest impact on AMU,
with parallel benefits in the economics of food produc-
tion and animal welfare. A pandemic instrument can
facilitate global implementation of animal health stan-
dards (Codex texts), help identify and address gaps in
regulation of and access to antimicrobials and antimi-
crobial alternatives, mobilize adequate financing and
strengthen supporting surveillance systems,

Potential Barriers to Regulation/Challenges
to Regulation

While there is a large toolbox of options, there may be
implementation challenges. Comprehensive discus-
sion of the approaches in Table 2 is beyond the scope
of this manuscript. Examples of issues are discussed
below; however, it is important to note that no single

Potential Regulatory Measures to Restrict, Reduce or Optimize Antimicrobial Access and Use in Animals

Mechanism Action

Authorization (registration) of

Banning selected use of specific antimicrobials in food animals or all animals

antimicrobial products

Banning all use of specific antimicrobials in food animals or all animals

Antimicrobial drug access

Banning over-the-counter sale (sale without a veterinary prescription) of specific
antimicrobials (e.g. medically important antimicrobials)

Requiring a prescription for antimicrobial-containing feeds

Restricting personal importation of active pharmaceutical ingredients

Restricting personal importation of antimicrobial drug products

Regulation of internet purchases of antimicrobials

Veterinary prescribing and dispensing

Restricting extra-label drug use

Requiring inclusion of the indication for use on a prescription

Regulation of profit margins on antimicrobials sold by veterinarians

Regulating veterinarians’ prescribing powers

Antimicrobial use in food animals

Restricting use of antimicrobials for prophylaxis

Banning the use of medically important antimicrobials for growth promotion

Education

Mandatory AMU and AMR continuing education and training for groups involved in AMU
(e.g. veterinarians, producers)

Surveillance and benchmarking

AMU metric-based restrictions (e.g. Danish yellow card system)'?

Animal health systems

Implementation and monitoring of animal health system standards (including
antimicrobial stewardship programs)

Compliance & Enforcement

Compliance monitoring and enforcement of regulatory measures

Other Regulation of compounding of antimicrobials
Addressing problems with substandard, falsified or illicit antimicrobials
Banning importation of animals/animal products treated with certain antimicrobials or
growth promoters
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approach is expected to have a profound effect. Rather
a multimodal approach using a variety of tools will be
required to have effective and sustained impacts.
Reducing antimicrobial prophylaxis and group
treatments are important goals, yet this approach can
be complicated. For example, recent EU legislation"
requires that antimicrobial prophylaxis should be lim-
ited to individual animals and only under specific con-
ditions, and that prophylactic antimicrobials should
not be administered “routinely” or to compensate for
poor hygiene or management. Yet, “routinely” can
be subjective, as can the ‘acceptable’ level of hygiene
and management. The concept may be that antimi-
crobials should not be used as part of the standard
production system, like vaccinations; however, it can
be challenging to provide clear guidance that is effec-
tive at limiting AMU but does not adversely impact
justifiable uses. This is addressed somewhat through
allowing use in “exceptional cases” and to “an individ-
ual animal or restricted number of animals when the
risk for infection is very high or its consequences are
likely to be severe.” Adding subjectivity can be prob-
lematic, but is a practical necessity as exceptions are
needed from animal health and welfare standpoints.
While beneficial at the population level, prophylaxis
prohibitions aimed at containing widespread unnec-
essary use in large groups can potentially have nega-
tive consequences for more targeted situations where
the risk and implications of infections can be high
(e.g., surgical prophylaxis) and use would be limited
and short term. There are also issues with the blurred
line between metaphylaxis/disease control (generally
accepted when the risk is reasonable), prophylaxis
(discouraged) and growth promotion (ideally ceased).
Antimicrobial authorization (registration) is a clear
target for regulatory approaches. Antimicrobials are
authorized for use in specific animal species and dis-
ease situations (e.g., treatment of cattle with respira-
tory disease). Extra-label drug use (ELDU) is the use
of an antimicrobial that deviates from the product
label and could include use of the drug in a different
species, for a different indication, at a different dose
or frequency, and use via a different route of admin-
istration. Restricting ELDU of an antimicrobial is a
potential stewardship approach used by regulatory
authorities; however, there are potential unintended
consequences. Authorization tends to focus on com-
mon species and conditions, so there may be no
approved options for certain diseases. For some minor
species (e.g., small ruminants, rabbits), there may
be few or no appropriate and authorized treatment
options. Further, newer antimicrobials with the most
specific label claims may be higher tier drugs (e.g., 3

60

generation cephalosporins, fluoroquinolones) and less
desirable from a stewardship standpoint compared to
older, narrow spectrum, lower tier options that may
not be similarly authorized but would be effective.
Thus, the concept of using authorized drugs when-
ever possible, as exemplified by the use of a cascade
approach to drug selection, may be highly appropriate
in most scenarios, but suboptimal in others. Restric-
tions in ELDU could therefore be useful in most sce-
narios but potentially harmful in others.

Control measures also must address equitable
resource allocation as LMICs may face a greater bur-
den from restrictions if they lack systems to counter-
balance those effects (e.g., inability to rapidly improve
management systems; less access to veterinary care,
diagnostic testing, vaccines and antimicrobial alter-
natives; greater challenges implementing surveillance
systems). Ideally, veterinarians would have at least
some control over antimicrobials, such as making all
antimicrobials available only by prescription. However,
this is dependent on adequate and equitable access to
veterinary expertise, alongside other regulatory mea-
sures to control importation, regulation and distribu-
tion of antimicrobials outside prescribing controls. In
some countries, there may be access or cost barriers.
Therefore, while curtailing over-the-counter access to
antimicrobials is a worthy goal and is immediately fea-
sible in many countries, it may have to be approached
as a longer-term aspirational goal for regions that cur-
rently lack adequate expertise and resources. Increas-
ing demand for animal protein in LMICs must be
accompanied by improvements in animal health sys-
tems and will likely result in some undesirable but
unavoidable AMU, as there will be some control mea-
sures that cannot be immediately implemented in
some regions because of logistical, equity, and ethical
reasons. While it is hoped that LMICs would not go
through the same prolonged period of excessive AMU
and substandard animal health systems that fostered
the development of modern production systems in
HICs, it must be understood that equitable access to
meat protein and higher life standards means that it
may be unfair to apply the same standards to develop-
ing regions with fewer resources, less developed infra-
structure and fewer support mechanisms. The chal-
lenge for LMICs is to improve animal health systems
in concert with increased food animal production,
to minimize the need for the use of antimicrobials to
compensate for sub-optimal animal management.

Elimination of antimicrobial growth promoters is
a basic stewardship tool. Use of antimicrobials for
growth promotion, a specific and definable situation,
is amenable to reduction or elimination through inter-
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national agreements and international standards,
with parallel high-level efforts to advocate for and
monitor implementation. Cessation of growth pro-
motion would have no animal health or welfare con-
sequences, but sudden and complete elimination may
be challenging in regions that lack the ability to com-
pensate through effective management improvements
or financial supports. This should not be used as a rea-
son to avoid restriction but recognizes that stepwise
approaches may be required in some regions and/or
the need for concurrent support mechanisms that can
be included in pandemic instrument provisions that
support equity. This can include phasing out use of
growth promoters over time alongside provision of
other supports, starting with immediate elimination
of use of highest priority critically important antimi-
crobials for growth promotion,? ultimately eliminat-
ing use of all medically important antimicrobials as
growth promoters.

There may also be biological barriers to expected
impacts of AMU restriction, including those that
occur as a result of compensatory practices. For
example, reduction of antimicrobial use for preven-
tion of post-weaning diarrhea in pigs is sometimes
compensated for by administration of high levels of
dietary zinc, given the inhibitory effect that zinc has
on E. coli. However, zinc can effectively select for AMR
because zinc resistance genes can be co-located with
AMR genes.’? There are also ecotoxicity concerns from
feeding of zinc to livestock as this heavy metal is not
metabolized or degraded, and will ultimately enter the
environment. This demonstrates the potential unex-
pected consequences of AMU restriction and the need
for post-intervention surveillance.

In most countries, there is a potential conflict of
interest as veterinarians typically prescribe and dis-
pense antimicrobials. This creates an apparent eco-
nomic incentive to use antimicrobials, particularly
more expensive drugs, which tend to be newer and
broader spectrum. While it is unlikely that this is a
driving factor for unnecessary AMU and there are
no data suggesting that veterinarians are prescrib-
ing based on profit, this potential conflict of interest
remains. A potential solution is removing the ability
of veterinarians to dispense antimicrobials, but that
would require marked changes in pharmacies and
drug supply chains to ensure that animal owners had
ready access to antimicrobials and that dispensing
pharmacists have adequate knowledge of veterinary
drugs. Controlling profit margins on antimicrobials
sold by veterinarians could be considered as an alter-
native and has been successfully implemented in some
European countries.!*

While concerns about negative impacts of restric-
tion typically focus on the economic impacts of animal
disease or death, animal welfare cannot be ignored.
While animal welfare cannot be used a reason to
avoid restrictions, it must be considered as part of the
complex and hard-to-quantify cost-benefit analyses.
Similarly, the impact on the human-animal bond from
illness or death of companion animals can be substan-
tial at the individual level.

Ultimately, any improvements in animal health sys-
tems can underpin efforts to reduce AMU. Antimicro-
bials should not be used to compensate for poor ani-
mal management (e.g., poor biosecurity, inadequate
nutrition, inadequate vaccination, excessive crowding,
poor ventilation). Regulatory efforts need to consider
improvements in animal health and welfare through
improvements in animal health systems. Yet, it is chal-
lenging to implement international standards because
of the wide range of production systems. There are
also ethical challenges in requiring LMICs to adhere
to standards developed for HICs, where there are bet-
ter resources to implement improvements. Therefore,
region- and sector- specific approaches are needed,
ideally to provide a stepwise improvement in animal
health systems in all areas, while not compromising
food production, food security and economic viability
of agriculture, particularly in LMICs.

Designation of Antimicrobials for Human
Use Only

One potential approach to reducing the impact of
AMU in animals on AMR risks in humans is to limit
the number of drug classes that are used in both sec-
tors, through restriction of use in either food animals
or animals as a whole. Restriction of antimicrobials
that are commonly used in animals is challenging from
animal health and welfare standpoints, but restriction
of access to newer drugs that are not currently autho-
rized in animals is more practical. This is particularly
important for many newer human drugs that are often
used as a last resort in critically ill patients where
there are few or no other antimicrobial options. Need
and cost often preclude use of these drugs in food ani-
mals and the main demand for use is likely for rare,
sporadic use in individual companion animals, which
may be justifiable, particularly with human-animal
bond considerations. This again highlights the com-
plexity of grouping all non-human animals together,
as prohibiting use of new drug classes in food animals
would be an easily justified approach, but facilitating
exceptional use in companion animals may be reason-
able and pose limited or negligible harm to humans
when managed appropriately.
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Access to multiple drug classes for animals is neces-
sary because of the range of diseases that are encoun-
tered, so it can be challenging to effect significant
changes in AMU through restriction of drug classes
without potential impacts on animal health, animal
welfare and food production. Restrictions in veteri-
nary use of certain drug classes could also result in
driving use underground if animal owners are able
to obtain those drugs through other sources (e.g.,
internet, compounders, importation of active phar-
maceutical ingredients). Limiting the number of drug
classes available for use in animals would also con-
centrate a large volume of use of those classes, poten-
tially increasing selection pressure for AMR for those
classes and possibly other drug classes through cross-
resistance or co-selection.

Conceptually, having separate and clearly distinct
pools of antimicrobials for human and non-human
use would be ideal. An ideal ‘animal only’ antimicro-
bial would be one that is safe, effective against patho-
genic bacteria, low cost, and where there is no cross-
resistance or co-selection with existing antimicrobials.
However, that also describes an ideal human drug, so
unless such a drug has those properties but can only
be used in animals because of toxicity risks in humans,
it would presumably be diverted for human use. This
highlights the need for a pandemic instrument to
have a focus on research and development, promot-
ing national, regional and international activities to
incentivize research and innovation activities that
focus on alternatives to antimicrobials and improve-
ments in health systems, versus development of new
antimicrobials for the animal market.

International Target Setting

Some ideas can be extrapolated from another insidi-
ous existential threat, climate change. A key aspect
of the Paris Climate Agreement was recognition that
international targets can be unifying and motivating.'s
While it may be more challenging to develop interna-
tionally applicable targets for AMU and AMR, tar-
gets could facilitate national interest and momentum,
and provide something more tangible for the public
to understand and be motivated to help implement.
Development and consistent use of international stan-
dards for measuring and reporting AMU is required,
alongside assessment of optimal ways to report AMU
for assessment of AMR risk. Wide variability between
sectors and nations needs to be considered, but
national and sector-specific monitoring and target
development is a worthwhile goal and a data driven
approach can provide more tangible outcomes to facil-
itate motivation, monitoring and broader acceptance
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of AMU optimization practices. Lack of regulatory
framework was commonly cited as a barrier in AMR
reporting in the 2021 WOAH (OIE) Annual Report on
Antimicrobial Agents Intended for Use in Animals,®
something that must be addressed by individual coun-
tries. National and international efforts are required
to improve AMU data collection and reporting, to
facilitate accurate target setting. While participation
in the voluntary WOAH report was strong (155/182
WOAH members), international agreements could
widen participation.

Regulatory vs. Individual Approaches
Measures to regulate AMU in animals can be imple-
mented at a wide range of levels, including interna-
tional, regional (e.g.,European Union) and national
levels. There can also be sub-national efforts targeting
specific commodity groups, voluntary restrictions by
commodity groups, and efforts undertaken by indi-
vidual animal owners, producers, veterinarians, feed
mills, pharmaceutical companies, and consumers. For
optimal control, a mix of interventions with involve-
ment of everyone in the AMU ecosystem is required,
from international bodies to individual antimicrobial
users. However, there has been deferral to individu-
als or specific groups for antimicrobial stewardship
initiatives, with fewer formal regulatory interven-
tions. One can look again to climate change and the
impacts that have been made on public awareness
and acceptance. Initially, climate change strategies
largely offloaded responsibility to individual sectors
and downloaded responsibility from governments
to individuals, something that is now recognized as
being insufficient.”” A parallel with AMU can be con-
sidered, whereby most efforts are deferred to animal
producers and antimicrobial prescribers, with less
coordinated effort and support. This can be particu-
larly problematic when there is limited motivation
by users to effect change because problems and ben-
efits are not readily apparent, and costs are born on
the individual to largely produce benefits for society.
Governmental and intergovernmental initiatives and
instruments that focus efforts and responsibilities at
higher government levels may help overcome some of
these issues, and foster support and implementation of
necessary adjunct components, such as improved sur-
veillance, improved animal health systems, changes in
antimicrobial access regulations and similar matters
that would not be driven by efforts from individuals
and organizations. An international agreement could
drive the required social and economic commitments
and transformations.
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