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Introduction
What is antimicrobial resistance (AMR)?
Antimicrobial resistance (AMR) develops when microorganisms become resistant to the
antimicrobial drugs used to treat them - this leads to treatments becoming ineffective, infections
persisting, and an increased risk of infections spreading.1 AMR is a broad term that refers to
resistant viral, parasitic, fungal, or bacterial diseases, but resistance to antibiotics is of particular
concern, as it is considered one of the greatest global threats to public health.2

Why should society be concerned about AMR?
Each year, antimicrobial-resistant infections cause 25,000 deaths in the European Union3, 700,000
deaths worldwide4, and generate annual costs of at least €1.5 billion in the EU alone.3 The
World Health Organization (WHO) reports that 480,000 people worldwide are affected by multidrug resistant tuberculosis each year, and that the fight against HIV and malaria is also further
exacerbated by AMR.5
A lack of research and development (R&D) could result in a shortage of alternative antimicrobials
in the future. Approximately 10 million annual deaths caused by AMR are forecast for 2050 unless
there is significantly more investment in R&D, a reduction in the amount of antimicrobials used, and
attention to the control of infectious diseases in both human and veterinary fields.6
Antibiotic resistance, “the single greatest challenge in terms of infectious diseases today”7
represents a threat for developed and developing countries alike.2,8 Whilst widely acknowledged
as a global threat, antibiotic resistance has not yet received enough public and governmental
attention.

The spread of AMR
Pharmaceutical disposal - an unrecognised factor of AMR
AMR is primarily caused by inappropriate use and overuse of antibiotics in humans and animals,
but increasingly evidence shows that pharmaceutical waste from excretion and disposal (including
effluent from the pharmaceutical manufacturing process) is also a concern in the development of
resistance.9-12
Another significant factor of AMR is disposal of drugs; there is insufficient implementation of
collection schemes for unused and expired medicines throughout Europe.13 Inappropriate disposal
of antimicrobials: flushing them down the toilet or the sink for example, results in environmental
pollution.14 Sewage treatment systems are inadequate for the complete removal of active
pharmaceutical ingredients in waste water, which can contribute to the spread of resistance.9, 15, 16

A reservoir for the spread of resistance
Since their discovery in the 1940s, antibiotics have become essential medicines.1, 2 Recent studies
have proven, however, that antibiotic waste from manufacturing sites doesn’t just pollute the
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environment, but is also a reservoir of resistant microbes.10-12, 17-20 According to a 2013 report by
the European Executive Agency for Health and Consumers, of all the risks humans face from
medicinal product residues in the environment - AMR poses the greatest risk.21
Research has demonstrated how antibiotic resistance proliferates in the environment - bacteria
are able to share genes with each other through a process called horizontal gene transfer, which
can fuel the rapid spread of resistance among pathogens.22 Through this process, genes that are
resistant to antibiotics can move between bacterial cells and species.23, 24
Some particular environments are considered ‘hot-spots’ where antimicrobial resistance is more
likely to emerge: ‘hot-spots’ include areas with poor pharmaceutical manufacturing practices,
or where expired or unused drugs are disposed inappropriately e.g. toilets, sinks, or household
refuse. Areas where pharmaceuticals are used in aquaculture or agriculture are also considered
‘hot-spots’.10-12, 19, 20 Currently the majority of national and global actions to tackle the spread of
AMR do not take into account this release of antibiotics into the environment.
The pharmaceutical industry is known to contribute to antimicrobial contamination of the
environment through their manufacturing practices.11, 25, 26 Many pharmaceutical producers,
attracted by cheaper labour and capital costs and weaker environmental protection laws, have
outsourced their manufacturing outside of Europe.25, 27 Active pharmaceutical ingredients (known
as APIs) are the substances within medicine that are biologically active in order to have an effect on
the patient (human or animal). China is the world’s largest producer and exporter of APIs, currently
supplying up to 90% of all antibiotic APIs; the majority of these are then processed in India before
being sold on to markets worldwide.25, 27, 28
The unmonitored discharge of API-rich effluent into rivers and waterways in China and India
has been shown to contribute to the proliferation of resistant bacteria.10, 25, 26 This is not only
problematic for local populations’ health; the resistant bacteria can also spread across the world
through international trade and travel.25, 29 Normally the highest source of antimicrobials in the
environment is excretion from humans and animals, yet in areas of pharmaceutical manufacturing,
direct emissions of APIs are proven to be a much greater source. Every day 44kg of ciprofloxacin
is discharged within effluent running into the Godavari River in China – water in this river contains
concentrations of ciprofloxacin 1000 times higher than the amount required to kill certain bacteria.26
Currently there is little published information available concerning global quantities of APIs
produced every year and where they are produced. The lack of data and transparency on
these issues is cause for concern that low prices for pharmaceuticals could be indicative of
low manufacturing standards, resulting in environmental pollution.6 Problematically, current
legislation fails to properly address this issue: The European Medicines Agency’s “Guideline on
the environmental risk assessment of medicinal products for human use” states that before
receiving market authorisation, pharmaceutical products should undergo an environmental risk
assessment.30 This requirement does not apply, however, to antimicrobials placed on the market
before 2006 when the guidelines came into force, and no risk assessments on the development of
AMR in the environment are required. There is no scientific evidence that products placed on the
market before 2006 are of less environmental concern than new products.
A recent study attempts to fill in the research gap and has proposed to establish “safe levels”
of APIs in manufacturing waste. These “safe levels” were calculated by estimating the minimal
selective concentrations i.e. the lowest concentration of an antibiotic at which resistance can still
occur and predicting the no-effect concentrations i.e. the maximum concentration of an antibiotic
below which no resistance can occur.31
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The health sector’s contribution to the AMR crisis
Millions of inappropriate antibiotic prescriptions are written every year, which further fuel the
development of resistance.32 Inappropriate prescribing occurs for a number of reasons: due to a
lack of information doctors may prescribe a drug for a resistant infection, or prescribe antibiotics
for a viral infection, and second or third-line antibiotics are sometimes prescribed when a first-line
antibiotic would have sufficiently worked. Without rapid diagnostic tests, doctors still prescribe
antibiotics based on immediate assessments of patients’ symptoms; in many cases, antibiotics
are prescribed prophylactically because they are cheaper in comparison with available diagnostic
tests.6
When standard treatments don’t work anymore, infections become harder or impossible to control,
thus increasing the risk of infections spreading; combined with prolonged illness and lengthier
hospital stays, the risk of fatality grows.2
Information regarding over-the-counter i.e. non-prescription sales of antibiotics is inconsistent
and difficult to obtain in many countries. Despite a European Union Council recommendation that
antibiotics are used as prescription-only medicines in Member States33, it is believed that in some
areas of Southern and Eastern Europe 20%-30% of antibiotics consumed are non-prescription.6, 34
Antibiotics and antibiotic-resistant bacteria are present in both hospital and municipal sewage
systems, and while the healthcare sector may be thought of as a large source of pharmaceuticals
in wastewater, hospitals only account for less than 10% of pharmaceuticals in the municipal
wastewater (by weight).15, 35 Excretion of drugs and poor disposal practices in the community
means there are larger quantities of pharmaceuticals in municipal waste water.
Statistics have shown that awareness campaigns are effective in informing and educating their
audiences about important health issues including antibiotic-use.36 One successful campaign to
reduce antibiotic-use during the 2000 influenza season in Belgium resulted in a 36% reduction in
the prescription of antibiotics.37

Antibiotic use in food production contributes to the spread of resistance
When used to treat infections in agriculture and aquaculture, antimicrobials, especially antibiotics,
are very important for animal health and welfare, as well as food security. At the global level,
however antimicrobials are mostly used to prevent infections and compensate for poor animal
husbandry practices and/or to promote growth.6, 38 The exact quantity of antimicrobials used in
food production worldwide is unknown due to insufficient data, but it has been shown that in some
regions - antimicrobials are used more often for animals than for humans - in the U.S. more than
70% (by weight) of the antibiotics considered medically important for human health are used in
livestock.39
Last-resort antibiotics are those prescribed if all other antibiotics have failed; when they are used
in livestock this can increase the threat of AMR. Antibiotics lose their efficacy in humans when they
are routinely absorbed in low levels in the food chain.40 This is the case of colistin - whilst not widely
used in humans, (as it can cause kidney failure41), it remains an important last-resort antibiotic that
is administered when an infection hasn’t responded to other drugs.6 The widespread use of colistin
in treating animals, however, has led to resistance in animal pathogens which has implications for
humans. A recent scientific paper reports the discovery of transferable colistin resistance in both
animals and humans in China.42
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Some frequent antibiotic-use practices in animals are problematic, such as growth promotion,
prophylactic use i.e. preventive use in the absence of infection, and metaphylactic use i.e. treating
a group animals when only a small number of individuals show signs of infection. Metaphylactic
use aims to prevent infections spreading, but it actually leads to gross overuse of antibiotics and
contributes to antibiotic resistance.39 The problem is exacerbated by cramped conditions, allowing
resistance to spread rapidly. The most contentious use of antibiotics, however, is non-therapeutic
use for growth promotion, which was banned in the EU in 200643, but is still permitted for use in
the US.
Other, non animal-based food products may also be contaminated with antimicrobial resistant
bacteria and/or antimicrobial resistance genes. Ingredients intentionally added during food
processing (such as starter cultures, probiotics, bioconserving microorganisms, or bacteriophages),
can spread antimicrobial resistant bacteria.44 Such bacteria can also be spread through crosscontamination (e.g. when raw food is mixed with other ingredients). Whilst cooking processes
often kill resistant bacteria, raw food products pose a substantial risk of transferring antimicrobial
resistance to humans through consumption.44

Actions at the global level
The World Health Organization (WHO) urges Member States to adopt the WHO Global Action Plan
on Antimicrobial Resistance as a basis for their own national priorities and specific contexts. This
plan, adopted by the 68th World Health Assembly in May 2015, aimed to have national plans in
place by May 2017.45
The European Commission contributed to the development of the WHO action plan and is currently
involved in implementation.46 The key points of the action plan to tackle AMR include:
• Awareness and education campaigns
• Improving knowledge of AMR through surveillance
• Infection prevention and control measures
• Optimising antimicrobial-use in humans and animals
• R&D and investment.1
• Implementing good manufacturing practices - however, this neglects to include
environmental criteria.
As part of its Global Action Plan, The WHO recognised the impact that antibiotic use in agriculture
can have on the spread of drug resistance, and therefore requires Member States to incorporate
actions for dealing with the veterinary use of antimicrobials in their national action plans.1 This
issue has been also recognised by The Food and Agriculture Organisation of the United Nations
(FAO) and The World Organisation for Animal Health (OIE) – all three organisations collaborate in
sharing responsibilities in tackling AMR.47 The FAO plays a key role in supporting all actors to adopt
measures that minimise the use of antimicrobials and to prevent the development of AMR.48 The
OIE promotes the responsible and prudent use of antimicrobial agents in veterinary medicine and
improved knowledge and monitoring of the quantities of antimicrobials used in animal husbandry.49
There is also international cooperation among countries through an Intergovernmental Task Force
on Antimicrobial Resistance, which reports to the Codex Alimentarius Commission.50 The EU
collaborates closely with the USA, Canada, and Norway to address AMR through the Transatlantic
Task Force on Antimicrobial Resistance (TATFAR) established in 2009.51 The European Commission
also collaborates with the Organisation for Economic Co-operation and Development (OECD) to
assess the economic impact of AMR.46, 52
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There is a common consensus at the international level that unnecessary use of antibiotics in
animals and agriculture represents a major concern for human health.6 Recent G7 statements
recognised the urgent need for national efforts in sharing best practices and promote the prudent
use of antimicrobials.53, 54, 55, 56 A political declaration to combat the global threats posed by AMR
was adopted this year by the 71st United Nations (UN) General Assembly - Member States should
develop multisectoral national action plans on AMR, which must be in line with the WHO Global
Action Plan.8

Actions at the the EU level
The European Commission’s Action plan against the rising threats from Antimicrobial Resistance
(2011-2016) outlined the main actions for its implementation amongst Member States, and
identified areas where measures are most needed.57 This Action plan aimed to ensure appropriate
use of antimicrobials across Member States: within the plan, the European Commission proposed
measures to prevent the spread of microbial infections and encouraged innovative research and
development of antimicrobial drugs. The plan describes the need for international collaboration to
address the risks of resistance spreading via international trade, travel, and the environment. An
important target included in this plan was strengthening the regulatory framework on veterinary
medicines and on medicated animal feed.57 Environmental criteria in implementing good
manufacturing practices to combat AMR, however, is not included within this action plan either.
In June 2017, the European Commission published A European One Health Action Plan against
Antimicrobial Resistance (AMR).58 This second action plan recognises AMR as a growing threat
on a global level and aims to strengthen actions containing this crisis and to promote the EU as
a best practice region. Within this latest action plan, the European Commission for the first time
acknowledges environmental aspects leading to AMR, but only to cover knowledge gaps. There is
no mention of the industrial pollution in the supply chain.
The European Commission is currently working on a new regulation on veterinary medicines, which
will propose new policy measures to tackle AMR by ensuring proper use of antimicrobial drugs in
farming practices. (For further information, please read Food pathways to antibiotic resistance: A
call for international action)

HCWH Europe recommendations on AMR
AMR currently poses one of the greatest threats to global public health, an important focus for
stakeholders worldwide should be to find strategies to improve production standards and minimise
the release of antimicrobials into the environment throughout their life cycle (production, use, and
disposal).
HCWH Europe therefore urges the European Commission to work with international governments
and regulators to establish evidence-based targets for maximum levels of antimicrobial API
discharge associated with the manufacture of pharmaceuticals. These targets should be
enforced at international level, regardless of products’ origins. The goal should be to manage
the pharmaceutical waste stream and control API discharge associated with the manufacture of
pharmaceutical products.
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In this international context, HCWH Europe also calls on the European Commission to develop a
guideline with measurable goals, which should include feasible targets and monitoring systems to
reduce the overuse and inappropriate use of antimicrobials in human and agricultural practices.

1. Achieve zero discharge and eliminate the release of antimicrobials into
the environment from manufacturing plants
Governments need to strengthen laws to eliminate pollution, monitor antimicrobial discharges
into the environment rigorously, impose fines, and withdraw licences if needed - the ultimate
aim should be a zero discharge policy. National governments and regulators around the world
need to expand the regulatory framework for Good Manufacturing Practice (GMP), to include
environmental safety. GMP legislation (Directive 91/412/EC59 and Directive 2003/94/EC60)
should require antimicrobial production facilities to apply environmental safety standards to
achieve a zero discharge and should be validated through an independent auditing system.

2. Enforce the development of minimum manufacturing standards to
prevent pharmaceutical waste that leads to AMR
More attention should be paid to environmental safety throughout the regulatory framework for
authorisation procedures for medicinal products.61 Manufacturers need to be held responsible
for their antibiotics on the market and they should be held accountable for pharmaceutical
pollution that leads to AMR.
Manufacturing standards should be developed amongst all Member States to address this
issue. These standards should apply across all stages of the supply chain with transparency
regarding the source of APIs, emissions of manufacturing waste containing APIs, and
environmental assessment of the discarded APIs. These standards should be applied to
products for both human and animal use that are sold in Europe, regardless of where they
are produced. Environmental criteria, as a matter of good manufacturing practice, should be
included in the market authorisation procedure for medicinal products sold in the EU.

3. Require environmental risk assessment for all antimicrobials
HCWH Europe recommends that an Environmental Risk Assessment (ERA) covering all stages
of the pharmaceutical substance’s life cycle should be a mandatory part of the marketing
authorisation process for antimicrobials.62

4. Add requirements to assess the risk for development of AMR
The ERA for antimicrobial substances should include a risk assessment for development of
AMR - this would improve current knowledge on risks associated with antimicrobials presence
in the environment.62

5. Last-resort antibiotics and those medically important for human use
should be reserved for human use only
Last-resort antibiotics should not be prescribed for veterinary use, but only for human therapy.
HCWH Europe calls upon regulatory bodies and international organisations (WHO, FAO, and
OIE) to agree on a harmonised list of last-resort antibiotics that are critical to human health and
should be banned from agricultural use.
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6. Restrict prophylactic and metaphylactic use of antimicrobials in livestock
Antimicrobial drugs, especially antibiotics, must not be used to improve performance (e.g.
physiological and reproductive performance) or to compensate for poor animal husbandry.
HCWH Europe recommends that the EU should adopt the position of the European
Parliament’s Environment and Public Health Committee on prophylactic and metaphylactic
use of antimicrobials in livestock.63 Prophylactic use of antimicrobials should be limited to
single animals and only when prescribed by a veterinarian. Metaphylactic use should also be
restricted: only individual animals that are clinically ill or show a high risk of infection should
receive antimicrobial treatment. Sick animals should also be physically separated from the
healthy to reduce the risk of infections spreading.

7. Work towards developing legislation for Member States to enforce
regulations that prevents over-the-counter sales without prescription
It is the role of the EU regulatory body to establish legislation for prescription-only use of
antibiotics and ensure that this is enforced nationally in Member States. This measure should
record and monitor the data regarding quantities of antibiotics sold for both human and
veterinary use.

8. Develop guidelines for informed prescription practices to reduce the
unnecessary use of antibiotics
Better prescription practices need to be developed and implemented to reduce the problem
of resistance spreading. Governments across the EU must legislate that doctors’ decisions
to prescribe antibiotics must be evidence-based and supported by up-to-date surveillance
information and that testing technology is applied when available.6

9. Support the establishment of a harmonised collection scheme system for
antimicrobials throughout the EU
At the EU level, guidelines are needed to support the setup and improvement of take back
schemes foreseen in Directive 2004/27/EC.64 Take back schemes should be expanded
and strengthened across the EU to prevent unused antibiotics reaching the environment.
Collaboration between Member States to establish a harmonised collection scheme system for
antimicrobials should be encouraged through common guidelines and targets.

10. Promote research into environmentally-responsible ways to treat sewage
and prevent the release of antibiotic resistant bacteria
Further research is needed on how to improve the wastewater treatment to prevent antibiotic
resistant bacteria being released into the environment without resorting to the use of toxic
chemicals.

11. Promote research into environmentally-responsible waste disposal
methods
Further research is needed on how to improve antibiotic waste disposal methods to prevent the
release of toxic chemicals in the environment.
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12. Develop EU-wide awareness campaigns to:
a. Educate the public on correct consumption and disposal of antimicrobials
Educational campaigns could help promote proper disposal practices and help patients
understand that demanding antimicrobials from health professionals or buying them over-thecounter without the necessary knowledge is harmful as it contributes to AMR.
b. Train health professionals on responsible prescribing practices
Healthcare professionals can influence patients’ use of antimicrobials, and they should be
actively involved in reducing the misuse and overuse of this category of drugs. For example,
doctors can optimise prescription practices to ensure that antibiotics are prescribed and
dispensed of prudently. Pharmacists are also well placed to advise patients about how to follow
a correct therapy of antibiotic drugs, and to help reduce the risk for accumulation of unused
antibiotics that become waste and can end up in the environment.
Hospitals and health systems should become leaders in educating staff, patients, and
communities about the link between healthy and sustainable food to long-term wellbeing.
Health professionals can also play an important role in advocating for policy changes at the
hospital administrative level to prioritise purchasing antibiotic-free meat.
c. Educate farmers on the responsible use of antimicrobial drugs
Farmers and agricultural workers should also be educated about the consequences of
unnecessary antimicrobial-use in agriculture.
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