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Summary

The global crisis of antibiotic resistance has
reached a point where, if action is not taken,
human medicine will enter a post-antibiotic
world, where simple injuries could once again
be life-threatening. New antibiotics are needed
urgently, but better use of existing agents is just
as important. More appropriate use of antibiotics
in medicine is vital, but the extensive use of
antibiotics outside clinical settings is often
overlooked. Antibiotics are commonly used in
animal husbandry, bee-keeping, fish farming and
other forms of aquaculture, brewing, horticulture,
anti-fouling paints, food preservation and
domestically, providing multiple opportunities for
the selection and spread of antibiotic resistance.
Given the current crisis, it is vital that the nonmedical use of antibiotics is critically examined
and that any non-essential use halted.

Introduction

The discovery of penicillin in the 1920s ushered
in a golden age of antibiotics that transformed
human medicine, and even led to claims that
infectious disease had been vanquished. Yet
resistance to antibiotics was detected almost
immediately, and the arsenal of agents that are
available to treat infections is being whittled away
at an alarming rate by antibiotic resistance.
Antibiotic resistance not only compromises
our ability to treat infections but also threatens
multiple areas of medicine, including surgery, that
depend on effective infection control. The problem
has been exacerbated by the drastic decline in the
development of new antibiotics. Even with greater
public awareness of the scale of this problem,
only two new antibiotics with activity against
infections for which there is most need, those by
Gram-negative bacteria, have been launched in
the year to March 2015 and these have limited
indications. The new drugs are combination
agents, where an inhibitor of a resistance
mechanism (β-lactamase) is provided with a
currently licensed antibiotic. Most new antibiotics
only target Gram positive bacteria.
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The enormous threat posed by antimicrobial
resistance has been recognised at national,
European and global levels. In the UK the issue
was flagged in the Chief Medical Officer’s 2011
Annual Report. In the same year, the WHO
regional office for Europe published a strategic
action plan on antimicrobial resistance,
following the drive created by the 2011 World
Health Day launched by the World Health
Organisation (WHO, which highlighted antibiotic
resistance as one of the greatest threats
to human health). In May 2014, the WHO
documented the global extent of antimicrobial
resistance, reiterating the need for urgent
action, while the World Health Assembly has
emphasised the need to implement a global action
plan. Despite this, the steps taken to combat
antimicrobial resistance have been inadequate
given the potential scale of the problem.
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The origins of
antibiotic resistance

Antibiotic resistance is an illustration of natural
selection in action. When bacteria are exposed
to an antibiotic, those that are able to survive
in its presence prosper and the antibioticresistant forms spread. Resistance can arise from
spontaneous mutations, but often is spread by the
sharing of antibiotic resistance genes on small
mobile genetic elements (such as plasmids) that
are readily transferred even between distantly
related bacterial species.
Notably, non-pathogenic bacteria can pass
antibiotic resistance genes to pathogenic
species present in the same environment.
An important example has been the transfer of
ESBL (extended spectrum β-lactamase)
genes from a bacterium that is usually associated
with the environment to a range of human
pathogens, generating infections that are
extremely difficult to treat.

Figure 1. Growth rates of
susceptible (blue line) and
resistant (red line) bacterial
populations as a function
of antibiotic concentration.
MIC (minimum inhibitory
concentration) marks the
concentration at which a
strain of bacteria will no
longer grow. MSC (minimal
selective concentration) is
the concentration of antibiotic
at which growth of resistant
bacteria will be higher than
that of susceptible strains,
favouring the proliferation of
antibiotic-resistant strains
of bacteria.

Sub-MIC
selective window

Furthermore, even at lower concentrations
of antibiotic, resistant strains will be at an
advantage, as their growth will be inhibited
less than that of susceptible strains. There is
therefore a potentially much larger selective
window of antibiotic concentrations favouring
the growth of resistant bacteria (Figure 1).
Notably, low-level exposure to antibiotics can
also trigger increased rates of mutation and
plasmid exchange, increasing the likelihood
that resistance will develop.
Much attention has focused on over-prescription
and misuse of antibiotics in medical practice.
Although important, this emphasis has
overshadowed the widespread use of antibiotics
outside human medicine. Antibiotics are widely
used in numerous contexts, increasing the
risk that resistance will develop. Crucially,
mechanisms of resistance developed against
one antibiotic may give resistance to others,
including those used in human medicine. Given
the alarming depletion of our antibiotic arsenal,
there is an urgent need to assess the extent and
implications of antibiotic use outside medicine.

Traditional
selective window

Growth rate

This figure is reproduced
from Erik Gullberg, Sha Cao,
Otto G. Berg, Carolina Ilbäck,
Linus Sandegren, Diarmaid
Hughes & Dan I. Andersson
(2011). Selection of Resistant
Bacteria at Very Low Antibiotic
Concentrations PLOS
Pathogens 10.1371/journal.
ppat.1002158

A crucial factor in the spread of antibiotic-resistant
bacteria is the concentration of antibiotic that
organisms are exposed to. The concentration of
antibiotic that is required to inhibit the visible
growth of targeted bacteria is known as the
‘minimum inhibitory concentration’ (MIC); the
concentration required to kill bacteria is known as
the ‘minimum bactericidal concentration’ (MBC).
The MIC and MBC will be higher for a resistant
strain than for a susceptible strain.

A concentration that falls between the MIC for a
susceptible strain and that of a resistant strain
is a ‘window of opportunity’ in which resistant
forms can multiply but susceptible forms cannot.

MSC

MIC susc

MIC res

Antibiotic concentration
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Use as livestock
growth promoters

An unexpected spin-off from early antibiotic
production was the discovery that industrial
waste products had growth-promoting effects
on poultry. This led to the widespread use of
antibiotics in feed or water to accelerate the
growth and increase the size of animals bred for
food. How antibiotics enhance growth is unclear.
Fewer gut bacteria may lead to reduced break
down of nutrients in the gut, increased nutrient
absorption, lower bacterial toxin levels, or smaller
numbers of sub-clinical infections.
Importantly, the dosing of antibiotics in growth
promotion is not controlled and if large groups of
animals are treated, some animals will receive
doses that favour the selection of resistant
organisms in their gut. These resistant bacteria
may readily contaminate the environment.

In 1999, the US
National Academy of
Sciences calculated
that a ban of antibiotic
growth promoters
would have minimal
impact on the US
livestock industry
and consumers
(adding US $4.84–
9.72 to household
bills each year).

These concerns were recognised early, and in
1969 the landmark Swann Report recommended
that antibiotics used in humans should not be
used as livestock growth promoters. Nevertheless,
similar compounds were used in animals, leading
to the development of resistance that also
affected antibiotics used in human medicine.
Following the development of cross-resistance,
several compounds were withdrawn from the EU
market. Use of growth-promoting antibiotics was
further curtailed in 2006, with the implementation
of an EU regulation banning the use of all
antibiotics (with minor exceptions) as animal
growth promoters.
Even so, some countries, including the USA,
continue to allow the use of antibiotics for growth
promotion. Remarkably, more antibiotics are used
in the USA for livestock growth promotion than in
human medicine.
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Arguments for continued use of antibiotics as
growth promoters have focused on the potential
economic impact of a ban and a possible effect
on animal welfare. Following concerns about the
use of avoparcin and the emergence of resistance
to a related important human antibiotic,
vancomycin, as well as similar apprehensions
with other antibiotics, Denmark discontinued
use of all growth promoters in the 1990s. Data
collected by the Danish Poultry Council found
that this did not decrease total farm production
or increase the death rate of broiler chickens.
Although use of antibiotics for therapeutic
purposes may have risen in Denmark, no such
increases have been seen in nearby countries
such as Norway, and rose only initially in Sweden
before falling markedly. Reduced use of growth
promoters may have encouraged more attention
on hygiene, vaccination and nutritional intake
to enhance yields.
In 1999, the US National Academy of Sciences
calculated that a ban of antibiotic growth
promoters would have minimal impact on the
US livestock industry and consumers (adding
US$4.84–9.72 to household bills each year).
Similarly, a 2002 WHO report suggested that the
ban on antibiotic growth promoters in Denmark
had only a small effect on pig production and no
negative impact on poultry production. Hence
there are few strong economic arguments for
continued use of antibiotic growth promoters,
and alternatives – such as better hygiene,
vaccination and improved feedstuffs –
can be used to boost yields instead.
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Veterinary use

Antibiotics are also widely used in veterinary
medicine to treat sick animals, to control the
spread of disease, and to prevent infections.
Few antibiotic classes are specific to human
or veterinary medicine, so the emergence of
resistance can potentially have implications
across both forms of medicine.

Herds and flocks of animals are generally treated
collectively, with antibiotics provided in food
or water. This makes it very hard to control the
dose given to individual animals, raising the
risk that animals experience sub-optimal levels
of antibiotic and increasing the likelihood that
antibiotic-resistant bacteria will be selected for.

Ideally, individual animals would be treated
according to the specific infection they have
acquired. However, individual treatment is
generally restricted to pets, horses, and cows
and calves, while the lack of rapid tests often
makes it hard for veterinarians to know the exact
cause of infections.

Bee-keeping

One underappreciated use of antibiotics is in
bee-keeping to control disease outbreaks as
an alternative to the burning of infected hives.
For example, oxytetracycline has been used in
several countries to treat or prevent foulbrood,
bacterial infections of bee larvae that can
destroy entire bee colonies. Increased levels of
oxytetracycline resistance have been seen in
countries using these control measures, raising
fears about the transfer of antibiotic resistance
genes to bacteria that cause disease in people.
Indeed, resistance genes seen in bee-infecting
bacteria have also been identified in bacteria
found in humans. The presence of almost identical
resistance genes in both bee bacteria and those
found in cheese, meats and other foodstuffs also
suggests that resistance genes may be able to
spread via intermediate organisms to humaninhabiting bacteria.

Numerous other antibiotics have been used
to treat bee infections (despite many being
banned). Honeybees do not metabolise antibiotic
compounds, which may therefore be present at
surprisingly high levels in honey. Potentially,
this could lead to the inadvertent consumption
of antibiotics by humans and generate subtherapeutic levels of antibiotics in the human
gut, again selecting for resistant bacteria. In the
EU, infected hives are generally sterilised and
burned, reducing unnecessary use of antibiotics.
Additional types of antibiotics have been
associated with prophylactic use for treatment of
beehives in Asia.
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Antibiotic use
in aquaculture

Aquaculture (farming of fish and other marine
life) is a huge global business, particularly in Asia.
Industrial scale farming is generally stressful to
fish, impairing their immune systems and leaving
them more vulnerable to infections. This has been
used to justify widespread prophylactic use of
antibiotics in aquaculture.

encounter terrestrial environments and their
associated microbial ecosystems – creating
conditions that facilitate the spread of resistance
genes. Although most Asian countries ban the
use of some antibiotics in aquaculture, those that
are used can enter water systems and potentially
promote the development of antibiotic resistance.

Moreover, poor sanitary conditions encourage
the growth of pathogenic bacteria, while high fish
densities promote the rapid spread of antibiotic
resistance on a farm. Resistant microbes can
also be rapidly disseminated through water to
other farms and to wild animals. As in animal
husbandry, alternative measures such as less
crowded pens, better sanitary conditions, and
isolation of diseased fish could reduce the risk of
infection and need for antibiotics.

Interestingly, ornamental fish may be a further
significant factor in the spread of antibiotic
resistance. Recently, antibiotic resistance
genes have been isolated from Aeromonas
spp in ornamental fish. Aeromonas has been
considered a particular risk owing to its ability to
form biofilms – thin mats of bacteria growing as
a collective, which can be difficult to kill – and
because it possesses a range of mobile elements
carrying antibiotic resistance genes. One such
plasmid closely resembles a genetic element
found in human-colonising E. coli, suggesting the
two can exchange genetic material. An Aeromonas
plasmid may also have been transferred (with
associated antibiotic resistance genes) to a
range of human pathogenic bacteria, including
Salmonella enterica, Yersinia pestis (the cause of
plague) and Vibrio cholerae.

Antibiotics are generally given as part of feed
but may not be wholly consumed by animals
on a farm. Both unmetabolised antibiotics and
antibiotic-resistant bacteria have been shown to
be disseminated large distances from farms by
water currents. Hence even sites some distance
from farms can harbour levels of antibiotics and
promoting the selection of resistance.
There is some evidence that antibiotic
resistance genes arising in aquaculture have
been transferred to bacteria that infect people.
The human pathogen Salmonella Typhimurium
DT104, for example, has been found to carry
resistance genes that appear to have arisen
in fish pathogens. In addition, an outbreak of
antibiotic-resistant cholera in Latin America in
the 1990s was found to be caused by the transfer
of genes from bacteria that were selected for by
extensive use of antibiotics in the Ecuadorean
shrimp industry.
Fishing practices, mixing of freshwater and
seawater at treatment plants, and close proximity
of aquaculture and traditional agriculture all
create opportunities for aquatic bacteria to
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Aeromonas could thus be an important route
by which antibiotic resistance genes selected
for following antibiotic use in aquaculture are
transferred to human pathogens. Aeromonas
itself has also been reported to cause infections
in people.
Various other approaches could be used as
alternatives to antibiotics in aquaculture,
including vaccination or innovative methods
such as phage therapy, probiotics or disruption
of signalling between bacteria to prevent biofilm
formation. Vaccination is already widely used in
countries such as Norway, where it has been used
to manage outbreaks of furunculosis, a condition
linked to Aeromonas infection.
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Transmission to
humans

A key question is whether antibiotic-resistant
bacteria arising in animals can be transmitted
to humans. Evidence is accumulating that such
transfer is possible, through pets or livestock. A
Dutch study, for example, found a high incidence
of a particularly problematic antibiotic resistance
gene encoding an ESBL in bacteria isolated from
humans and retail chicken meat. In addition, a
potentially deadly lineage of MRSA (ST398) was
found to be highly prevalent in both pig farmers
and their pigs.
Interestingly, copper-resistant bacteria have been
identified in humans. Since human diets contain
little copper, there are unlikely to be strong
selective pressures favouring the spread of such
genes in humans. However, copper is widely used
as a growth promoter in livestock, suggesting

Use of antibiotics
in horticulture

that copper-resistant bacteria arose in livestock
before being transmitted to people. Notably, genes
conferring resistance to copper and other metals
are found alongside antibiotic resistance genes on
plasmids, so selection for metal resistance may
also promote the spread of antibiotic resistance.
Ingestion of meat and seafood products is one
possible route by which antibiotic-resistant
bacteria may find their way into humans. Shellfish
are problematic in this regard as they typically
concentrate pathogenic bacteria from human
and animal sewage discharge. Evidence is also
growing that antibiotic resistance genes can be
transferred to microbes within the human gut.
Furthermore, people can also pick up antibioticresistant bacteria during international travel

Although not used as widely as in animal farming,
antibiotics are used to control some plant
pathogens. Streptomycin, for example, was long
used to treat fire blight, infection with Erwinia
amylovora affecting apple and pear orchards.
Streptomycin-resistant Erwinia were first seen in
Florida in the 1960s and have since spread widely
across North America. Resistant strains have also
been identified in Europe, Israel and New Zealand.

kasugamycin for use in horticulture, other
countries permit or have permitted more
extensive use of antibiotics. Of particular concern
is use in Latin America of gentamicin – a key
antibiotic in human medicine used to treat serious
infections. To avoid the potential for environmental
contamination, the US Environmental Protection
Agency banned the import of plant agricultural
produce treated with gentamicin.

There is also evidence for gene transfer
between Erwinia and animal pathogens. One of
its streptomycin resistance genes contains a
distinctive genetic insert, which is also found in
a pig-infecting strain of E. coli. This gene has also
been found in the human pathogen Campylobacter
jejuni, which is known to be able to infect pigs.

Consumption of food produce could expose
microbes in the human gut to antibiotic-resistant
bacteria, antibiotic resistance genes and
antibiotic residues. Use of manure containing
antibiotic residues or antibiotic-resistant bacteria
is another possible route of dissemination.
Recently, culinary herbs exported from SouthEast Asia have been found to harbour multidrugresistant bacteria containing up to ten antibiotic
resistance genes.

Although the USA licenses only streptomycin,
oxytetracycline and, in special cases,
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Industrial use
of antibacterials

Although it has
been claimed that
antibiotics are
rendered inactive by
brewing practices,
a 2008 US study
found evidence for
antibiotics in brewing
grain by-products.

Naturally occurring compounds with antibacterial
properties are used in food preservation. Lactic
acid-producing bacteria (LAB) are common, do not
appear to cause harm, and have a preservative
role in some foods. As well as antimicrobial
compounds such as lactic acid, acetic acid and
hydrogen peroxide, LAB also produce bacteriocins
– proteins that limit the growth and spread of
other bacterial species. It is not entirely clear how
bacteriocins function, but they may interfere with
the bacterial cell wall or cell membrane.
Since LAB are already common in food,
bacteriocins are likely to be safe for human
consumption, although just one, nisin, is widely
used at present. Produced by Lactococcus lactis,
nisin is added to dairy products and canned food
to inhibit growth of pathogens such as Listeria
monocytogenes. However, L. monocytogenes can
develop resistance to bacteriocins, possibly due
to changes in its cell surface.
There has been some interest in the clinical use
of bacteriocins, and activity against a range of
pathogens has been demonstrated including
Staphylococcus aureus and Streptococcus
pneumoniae, additionally, an in vitro study
showed promising signs against Mycobacteria
spp. However, there is no reason to assume that
clinical use would not select for resistant strains.
Antibiotics have also been used by the brewing
industry, to prevent bacterial contamination
during the brewing process (for example by LAB,
which converts sugars to lactic acid rather than
ethanol). The grains produced in brewing form a
nourishing feed known as ‘dried distillers’ grains
with soluble (DDGS) or ‘brewers’ grains’. These are
fed to farm animals, providing a route by which
animals can be exposed to antibiotic residues.
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Although it has been claimed that antibiotics are
rendered inactive by brewing practices, a 2008
US study found evidence for antibiotics in brewing
grain by-products.
A third industrial use of antibiotics is in products
to prevent biofouling – the build-up of bacterial
biofilms and then larger organisms such as
barnacles on boat hulls. Biofouling reduces
the efficiency of boat travel, increasing fuel
costs. Traditional antifouling paints included a
bactericide, tributyltin, but concerns about its
environmental impact led to a ban on its use on
boats shorter than 25m.
In response, some boat owners resorted to
mixing tetracycline, obtained from veterinarians,
with antifouling paint (although the scale of
this misuse is not known). The toxicity of
tetracycline in aquatic ecosystems is unlikely
to be a major problem, but its potential to select
for antibiotic-resistant biofilm-causing bacteria
is a cause for concern.

NON-HUMAN USES OF ANTIBIOTICS:
TIME TO RESTRICT THEIR USE?

Domestic uses

In the home, numerous products are available
to kill potentially harmful bacteria. Many
contain triclosan, a synthetic compound with
antibacterial, antifungal and antiviral properties.
As well as cleaning products, it has also been
incorporated into solid products such as fabrics
and children’s toys.
Triclosan is active against many types of
bacteria (Gram-positive and Gram-negative)
but microbes can develop resistance, through
a range of mechanisms. Notably, triclosan
targets the bacterial FabI protein, and mutations
in the corresponding fabI gene can confer
triclosan resistance. The experimental antibiotic
diazoborine also targets FabI, raising concerns
that triclosan use could promote resistance that
also affects diazoborine or antibiotics targeting
proteins similar to FabI such as the drug isoniazid
used to treat TB.
Furthermore, efflux pumps – proteins that eject
molecules from a cell – also confer resistance to
triclosan in a range of important microorganisms.
Several efflux pumps are known to eject
antibiotics and provide a selective advantage
to bacteria. Development of triclosan-resistant
bacteria would therefore not only compromise
the use of this product but could also render
organisms less susceptible to a wide range of
antibiotics that are used in human medicine.
Concerns have also been raised about the use
of quaternary ammonium compounds (QACs),
detergents and antimicrobial chemicals used in
a range of products, including facial cleansers,
sun creams and mouthwashes, and sterilising
agents for healthcare surfaces. QAC resistance
genes are carried on mobile genetic elements
that also harbour antibiotic resistance genes, so
widespread use of QACs could lead to the spread of
both QAC and antibiotic resistance.
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Pollution of the
water supply

Human activities can lead to environmental
contamination with antibiotics or antibioticresistant bacteria. Antibiotics may not be fully
metabolised by the human body, for example,
and a large percentage of an initial dose may be
excreted in faeces or urine. This is also a route
by which antibiotic-resistant bacteria can be
disseminated. The slow rate of degradation of
some antibiotics and use of sewage as fertiliser
can lead to the accumulation of antibiotics to
levels that create selective pressures promoting
the spread of resistance. This is particularly true
of some synthetic antibiotics – oxolinic acid, for
example, takes 5 months to degrade by 20%.
Although water treatments vastly reduce the
number of bacteria in drinking water, it
may favour the growth of antibiotic-resistant
strains. Potentially, mechanisms that enable
organisms to survive treatments such
as chlorination may also enable them to
withstand antibiotics.
Contamination of water supplies is a route by
which antibiotics and antibiotic-resistant bacteria
can be widely disseminated. Water samples in
cities such as New Delhi, India, have been found
to contain important antibiotic resistance genes,
probably as a result of contamination of water
supplies by human faeces. Such findings reinforce
the need for clean water supplies and effective
sewage systems.
Water systems are prone to the development of
biofilms, which for a variety of reasons tend to
be less susceptible to antibiotics. Biofilms allow
bacteria to persist in the presence of antibiotics,
and water treatment may be less effective at
killing bacteria in biofilms, again facilitating the
spread of antibiotic-resistant organisms.
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Effluent discharge from wastewater treatment
plants may also play an important role in
the spread of resistance. Numbers of several
antibiotic-resistant bacteria have been found to be
higher downstream of such plants, and resistance
genes found in domestic and wild animals have
been suggested to reflect animals’ consumption
of effluent water.
Antibiotic-resistant bacteria have been identified
in UK rivers, including the River Thames. These
may originate from water treatment plants,
sewage systems compromised by heavy rainfall,
or run-off from farms. Contamination of coastal
waters provides a further route for human
exposure, directly via bathing or indirectly through
consumption of contaminated shellfish.
Pharmaceutical production facilities are a
further potential source of environmental
contamination with antibiotics. In India,
significant levels of antibiotics have been
detected in wastewater treatment plants
handling water from 90 pharmaceutical facilities
– suggesting that there is a minimum of 45
kg of antibiotics being discharged every day.
Furthermore, human sewage was also found in
this antibiotic-rich effluent, potentially exposing
human pathogens to antibiotics at levels
promoting the spread of resistance.
Many factors therefore contribute to
contamination of water supplies with antibiotics
and antibiotic-resistant bacteria (Figure 2). More
attention needs to be given to the management of
water to minimise contamination with antibiotics,
exposure of bacteria to the selective pressures of
antibiotics, and the spread of resistant strains.
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Figure 2. The routes of transfer of antibiotic compounds and antibiotic-resistant bacteria into the environment and to and from humans.
Box sizes do not reflect relative contribution of each route.

11

NON-HUMAN USES OF ANTIBIOTICS:
TIME TO RESTRICT THEIR USE?

Conclusion

The discovery of antibiotics was one of the
most influential moments in human history.
Antibiotics have transformed human medicine,
and their bactericidal powers have been exploited
in multiple other applications. Unfortunately, we
have come to take antibiotics for granted, and
their over-use has undermined the very features
that have made them such powerful contributors
to human health and wellbeing.
We now need to value antibiotics more highly,
and recognise that for the foreseeable future
they are a finite and diminishing resource whose
use must be carefully managed. While improved
‘antibiotic stewardship’ in medical practice is
essential, use of antibiotics outside medicine
needs to be rigorously examined and reduced to
the barest minimum. We have produced a series
of recommendations to address unnecessary use
outside human medicine (Box 1). Implementation
of these recommendations would promote more
judicious use of antibiotics – essential if we are
to continue benefiting from modern medical
practices in the future.
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Recommendations

Animal husbandry and aquaculture
• A global ban on the use of all antibiotic growth
promoters in animals.
• Increased monitoring of aquaculture and 		
animal husbandry welfare practices to 		
minimise the need for therapeutic drugs.
• Increased investment in research into
minimising stress and disease in aquaculture
and farm animals, to limit the need for
therapeutic drug use.
• Withdrawal of certain antibiotics from
veterinary medicine, with specific classes of
antibiotics reserved for human use.
• No use of any new classes of antibiotic in both
animals and humans.
• Aquaculture facilities to be positioned distant
from wild fish populations, to prevent
dissemination of bacteria and resistance genes.
• Increased research into diagnostics in animals
and fish, to promote targeted treatment and
prevent overuse of antibiotics.
• Increased use of vaccination to prevent
disease, with increased funding for new
vaccine development.

Brewing
• Increased monitoring of antibiotic residues
in alcohol production, with appropriate
penalties when antibiotics are found.
Boat and hull paint
• Increased monitoring of antibiotic residues on
boat hull surfaces, with appropriate penalties if
residues are found.
Domestic use
• Withdrawal of triclosan from all domestic
applications globally.
• Better disposal of triclosan waste.
Water supply and pollution
• Greater investment in sewage and water
distribution systems, especially in low-income
countries, to prevent antibiotic-contaminated
water leeching into the environment.
• Development of improved methods to remove
antibiotic residues, antibiotic-resistant
bacteria and antibiotic resistance genes from
wastewater treatment plant effluent and
drinking water sources.

Bee-keeping
• Global application of EU guidelines, limiting
antibiotic use for treatment.
Horticulture
• A ban on antibiotic use in horticulture, with
more research on containment systems and
other means of control of plant pathogens.
Food preservation
• More research to assess whether bacteriocin
use promotes cross-resistance to antibiotics
used in human medicine, potentially followed
by a ban on their use outside medicine.
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