

POSTNOTE
Number 446 October 2013

Antibiotic Resistance in the Environment
Overview

Disease causing bacteria are becoming increasingly
resistant to antibiotic drug treatment. Diseases once
controlled by antibiotics are re-emerging as serious
risks to human health. This POSTnote outlines the
hazards posed by resistant bacteria, the sources of
resistance in the environment and measures that may
reduce these risks globally.

Background
Antibiotics have revolutionised health care. For example,
penicillin has saved tens of millions of lives since its
discovery.1 However, the life-saving role of antibiotics is
threatened by the emergence of antibiotic-resistant ‘superbugs’.2-4 The G8 science ministers meeting in 2013
highlighted antibiotic resistance as one of the top threats
facing humanity.5 The difficulty in tackling the global spread
of resistance was also highlighted in a World Health
Organisation (WHO) report which suggested that no single
factor, or isolated intervention, would prove successful in
reducing the threat.6

Antibiotic Resistant Bacteria
Antibiotic resistance is a natural phenomenon that has been
present in bacteria in the environment for millennia.7,8
However, the accumulation of manufactured antibiotics in
the environment creates the conditions for proliferation of
resistant bacteria,9,10 through the processes explained in
Box 1. Resistance is most likely to arise and persist in
locations regularly exposed to antibiotics and with poor
sanitation.16-21 The main factors contributing towards
resistance vary between countries, for example key
problems include self-prescription in India,22 unregulated
pollution in developing countries, such as Cuba,23 and
antibiotic use in animal growth promotion in the USA.88

 The presence of resistant bacteria in the
environment has been rising because of
increased antibiotic use in humans and
animals.25-28
 Resistant bacteria from human and animal
origin enter aquatic and terrestrial
environments. Manufactured antibiotics
entering the environment create conditions for
the proliferation of resistant bacteria.
 Resistant bacteria can be passed between
humans, animals and the environment. It is
difficult to quantify the risks associated with
each of these routes because of the
complexity involved.
 The current rise in antibiotic resistant bacteria
is a global problem that would require
international action to reverse.25

Once resistance is present it can be passed between
distantly related species of bacteria and quickly disseminate
around the globe.25 The environmental spread of resistance
is primarily governed by two factors:
 the release of substances into the environment that
promote resistance
 the release of antibiotic resistant bacteria directly into the
environment.16-21
Box 1. How Antibiotic Resistance Develops and Spreads
Antibiotic exposure promotes resistance by favouring mutations that
confer antibiotic resistance in bacteria. These genetic changes can
decrease cell wall permeability, preventing antibiotics from entering
the bacteria; produce ‘efflux-pumps’ which actively remove antibiotics
from the bacteria; and produce enzymes that destroy antibiotics (see
below). Once resistance has arisen the use of antibiotics promotes the
proliferation of resistant bacteria. The genes conferring resistance can
then be transferred between bacterial species through a process
called horizontal-gene transfer.
Resistant Enzymes
Of major concern is the emergence of two enzymes called NDM-1
(New Delhi metallo-beta-lactamase-1)11 and CTX-M beta-lactamase.
NDM-1 provides resistance to the antibiotics cephalosporin and
carbapenem and CTX-M provides resistance to cephalosporins. The
genes responsible for producing these two enzymes have successfully
transferred between different bacterial species.12-14 It has been
suggested that if NDM-1 were transferred to a highly contagious
bacterium there could be a pandemic against which modern antibiotics
would be ineffective.15
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In many countries antibiotic use in human medicine has
been recognised as a major factor contributing towards the
rise in resistance (POSTnote 416),13,15,24 especially in
developing nations where drugs regulation is poor and overthe-counter medication is readily available. 6,22 However,
scientific evidence suggests that environmental factors are
also contributing towards the rise in antibiotic resistance.1621,25-27,72
These factors include (1) antibiotics and resistant
bacteria accumulating in the waste water treatment process,
(2) the release of biocides, antibiotics and resistant bacteria
into the environment, (3) the use of antibiotics in agriculture
and (4) the direct animal to human transmission of resistant
bacteria.

Environmental Sources of Resistance
There has been an increase in resistance to antibiotics in
soil bacteria since antibiotics started to be manufactured in
the 1940s.28 There are two reasons for this:25-27
 Resistance is present within bacteria in the environment
through exposure to naturally occurring antibiotics.
However, the proportion of bacteria with resistance is
increased through exposure to manufactured antibiotics.
 Antibiotics and resistant bacteria from human and animal
origin directly enter terrestrial and aquatic environments,
such as soil, marine areas and surface waters.
Figure 1 provides a simplified summary of the complex
pathways involved in the environmental spread of
resistance.

Waste Water
Antibiotics and resistant bacteria from human sources have
been detected in all stages of the sewage treatment
process, including in treated water released to the
environment29-31 and sludge applied to farmland.32,33 For
example, the fluoroquinolone group of antibiotics, despite
degrading in the environment once exposed to sunlight,
have been detected on farmland.21,34-35 Laboratory studies
identified human sewage sludge applied as fertiliser as the
main source.35 The highest concentrations of antibiotics and
resistant bacteria have been recorded in effluent released
from hospitals and drug manufacturing sites in developing
countries (Box 2).36,37
Figure 1. Links Between the Sources of Resistance16
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Box 2. Antibiotics in Waste Effluent
Hospitals and drug manufacturing sites often have the highest
concentrations of antibiotics in their effluent, especially in developing
countries where the majority of drugs are manufactured. One waste
treatment plant in India, receiving effluent from 90 drugs
manufacturing companies, was found to release 45 kilograms of the
drug ciprofloxacin into the nearby river each day.36 This equates to
45,000 daily doses. There is also evidence of untreated waste being
disposed of directly into water bodies in India. Concentrations of
penicillin and other antibiotics similar to those shown to promote
resistance have been identified in rivers in China.37 These sources of
antibiotic pollution are of global concern.
Biocides
Whereas antibiotics are types of medication designed to kill
bacteria, biocides are substances used to control a wide
range of micro-organisms, including fungi, viruses and
algae, in different environments. They are used as
antiseptics, disinfectants and preservatives. They are
present in a range of consumer, healthcare, food and
industrial products. There is evidence that microbial
exposure to biocides can give rise to resistance to
antibiotics.61,62 This has been demonstrated within
laboratory settings for a number of biocides, notably
triclosan,61,63 but environmental studies remain scarce.
Triclosan is a commonly used biocide present in deodorant,
toothpaste and cleaning products.
Biocides can reach much higher concentrations than
antibiotics in wastewaters and in some river water. In some
waste effluent the concentration is as high as that shown to
promote resistance in the laboratory.61-64 There is also
evidence that heavy metals such as calcium and zinc, which
are often detected in high concentrations in waste effluent
and sludge, may have the ability promote antibiotic
resistance in the environment.65-67

Agriculture
Globally around 70% of antibiotic use is in agriculture.86
Antibiotics are used to treat individual animals, prevent
disease (prophylaxis, regulated in the UK) and to promote
rapid growth (banned in the EU since 2006). In the UK, the
veterinary use of antibiotics is not monitored.38 However, it
is estimated that 30% of antibiotics are used in veterinary
medicine,39 87% of which is in food-producing animals.40
A proportion of antibiotics provided to livestock enters the
environment via urine and faeces.9,10,16,41,42 The quantity of
antibiotics excreted and their persistence in the environment
is drug dependently. For some types of antibiotic up to 90%
of a dose can be excreted in urine and 75% in faeces.84,85
Field studies on experimental farms have confirmed that
crops, such as wheat, lettuce and carrot can take up
substantial amounts of antibiotics by the roots.43,84 However,
there is a lack of studies on the fate of antibiotics once in the
environment and subsequent hazards posed to humans.
There is greater understanding of the link between antibiotic
use and resistant bacteria in the environment. Farms in the
USA have been shown to have increased numbers of
resistant bacteria within their lagoons when antibiotic use is
increased.41 Lagoons are then used for crop irrigation and
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could provide a direct route for contaminating food with
resistant bacteria.41,42 Assessing the risk from resistant
bacteria on UK farms would require relevant studies and
monitoring.
Resistant Bacteria in Livestock
Resistant bacteria are being transmitted from livestock to
humans both directly and via contaminated food.43-55,84,85
Transmission from humans to animals (from owners to pets)
also occurs.87 A 2008 European Food Safety Authority
(EFSA) report stated that:44
 the main source of resistant Salmonella and
Campylobacter in humans is food, such as poultry
 animal-derived products are a potential source of MRSA
in humans
 cattle is a major source of resistant E. coli that may
colonize humans via contaminated meat. E. coli bacteria
in the faeces of cattle in the UK and elsewhere have been
shown to contain the CTX-M beta-lactamase enzyme
giving rise to resistance to critically important
antibiotics73,74
 there is potential for food handlers to contaminate food
during preparation, as already detected for MRSA and
resistant Shigella
 avoparcin (an antibiotic of last resort) used in livestock,
particularly pigs, was linked to increased resistance to a
chemically similar drug, vancomycin, in the lifethreatening human pathogen, Enterococcus faecalis.73
Avoparcin was banned for use in farming in the EU in
1997.
There is also evidence of direct animal to human
transmission of resistant bacteria. For example, MRSA is
usually acquired from human-to-human contact in clinical
environments or from visiting countries with a high incidence
of MRSA.45 However, livestock-associated MRSA can be
responsible for human cases, as has been shown in
Germany.46-48 There is also evidence of cattle-to-human
transmission in Denmark and the UK,49-52 where cattle
farmers are twenty times as likely to carry MRSA as other
members of the public.53 Further evidence of resistant
bacteria being passed from animals to humans comes from
a study in the USA, where farm workers on intensive farms
carried significantly more bacteria with resistance to multiple
antibiotics than workers on antibiotic free farms.54 There is
also evidence that resistant bacteria can be inhaled in dust
particles released from intensively reared animals.75 A
recent review by the World Economic Forum suggested that
resistant bacteria in livestock may potentially cause
shortages of food due to untreatable infections in livestock.55

Aquaculture
Aquaculture in the UK has seen significant reductions in
antibiotic use. Currently less than 1% of antibiotics are sold
for use in aquaculture.56 However, developing nations
continue to use high levels of antibiotics. A review on global
antibiotic use in aquaculture identified:57
 prophylactic use of medically important antibiotics, such
as tetracycline
 that genes for resistance have arisen in aquaculture and
been transmitted to animal and human pathogens
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 that fish pathogens are one potential route for E. coli
transmission to humans
 that a strain of resistant Salmonella identified in human
populations around the world is believed to have
originated from aquaculture systems in the Far East.58
In the UK, vaccines and legislation have reduced antibiotic
use, but a large proportion of consumed fish are imported
from non-EU countries. For example, 40% of fish produced
in China is bought by EU countries.16 Unregulated antibiotic
use in aquaculture systems in China, and other developing
nations, may have global implications for animal and human
health.57

Wildlife
Recent scientific publications suggest that wild animals
could be involved in the environmental spread of resistant
bacteria.9,10,16 A study conducted in a remote location in
Finland found a near absence of resistant bacteria in faeces
of wild animals (moose, deer and vole),60 while a study
conducted in the Wirral, UK, found high levels of resistant
bacteria in the faeces of forest rodents.59 This suggests that
UK wildlife is being exposed to antibiotics and resistant
bacteria of human origin,16 indicating that wildlife could be
vectors in the environmental spread of resistance.9,10 This is
likely to vary between locations.

Policy in the UK
An overview of UK and international policy is summarised in
Box 3. At present, there are no discharge standards for
antibiotics and resistant bacteria entering the environment.
The Priority Substances listed in Annex X of the Water
Framework Directive, which sets safe discharge standards
for hazardous substances entering the environment, does
not include antibiotics or the majority of biocide compounds
(however, see Biocidal Product Regulation EU 528/2012).78
The Department of Health (DH) has recently published a
five-year cross Government Antimicrobial Resistant Strategy
and Action Plan, which covers use of antibiotics in both
human and animal medicine.72 While the report has been
welcomed by groups such as the RCVS (Royal College of
Veterinary Surgeons), it has been criticised for not
addressing the scale of the problem by farming groups such
as the Soil Association.81 There have been a number of
Box 3. Antibiotic Regulation in Agriculture and Food in the UK
In the UK, the use of medicines in agriculture and aquaculture is
regulated by the Veterinary Medicines Directorate (VMD). Antibiotics
should only be administered by registered veterinary surgeons. Once
medication has been administered there is a period during which the
animal cannot be slaughtered for food or its products enter the food
chain. Best practice guidelines are available from the Responsible
Use of Medicines in Agriculture Alliance (RUMA). The safety levels of
antibiotics and bacteria in food for human consumption are monitored
by the Food Standards Agency (FSA).
International Regulation
The World Organisation for Animal Health (OIE) is the
intergovernmental body for improving animal health worldwide. Among
other roles it advises on animal medication policy, antibiotic use and
controlling the spread of resistance
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68

campaigns by groups such as the Soil Association,
Farmers Weekly,69 Sustain70 and the Sustainable Food
Trust71 calling for reductions in antibiotic use and an end to
antibiotic use in healthy animals. Additionally, the poultry
industry has introduced self-imposed restrictions in antibiotic
use.

Alleviating the Risk of Resistance
In the past, resistance to antibiotics was less of a problem
because the emergence of resistant bacteria was followed
by the development of new antibiotics. However in recent
decades fewer new classes of antibiotics have been
developed and none are currently in production (Box 4)
(POSTnote 311).77,79
A number of reports and scientific publications have
considered the risk of antimicrobial resistance and provided
recommendations on increased monitoring and other
courses of action.3-6,16,72,76,80

Antibiotics and Biocides
Use in Humans
Campaigns have already reduced the inappropriate use of
antibiotics in human medicine. However, further reductions
are required and recent reviews have suggested: 3-6,16,72,76,80
 Antibiotics of last resort should only be used when
necessary. This reduces the likelihood of resistance
developing and will help reserve critically important drugs.
While this is often the case in the UK it is not adhered to
in many developing countries.
 Access to and use of surveillance data should be
improved. 72
 There should be increased development of alternative
therapies, i.e. bacteriophages (virus that kill bacteria). 72
 Improving public education on appropriate antibiotic use.
 Use of degradable antibiotics that do not persist in the
environment is increased.
 Pharmaceutical products are soured from ethical
companies which do not pollute the environment with
antibiotics.
 Increased focus on the Biocidal Product Regulation (BPR,
Regulation EU 528/2012 effective from Sept 2013) that
requires evidence that a biocidal product will not give rise
to microbial resistance. 78 The EU will also fund research
on the role of biocides on the spread of resistance.89
Use in Agriculture
Antibiotic use on British farms is already lower than many
non-EU countries, including the USA. However, countries
such as Denmark and Sweden have substantially lower
antibiotic use than in the UK and the French government
has introduced plans to reduce antibiotic use over the next
five years.80,82 It has been argued that reductions in
antibiotic use could be achieved in agriculture without
effecting animal health through: 3-6,16,72,76,80
 Improved animal husbandry and reduced crowding, which
reduce disease outbreaks and thus reliance on antibiotics
(see POSTnotes 391 and 404, and DH 5-year strategy).

Box 4. Antibiotic Drug Development
Development of antibiotics has been impeded by a range of factors.
These include the low return on investment for development of
antibiotics compared to drugs used to treat chronic illnesses and the
increased difficulty in discovering new antibiotics once easier ones
have been identified. Regulatory burdens have also made the
development of new drugs both time consuming and expensive. This
is particularly problematic for small pharmaceutical companies with
limited funds.
It has been suggested that drug development could be incentivised by
increased financial return through extended patents, new regulatory
framework based around non-clinical (animal) trials combined with
human studies rather and the use of smaller patient numbers. These
changes would reduce the time and cost of developing new drugs.
Collaborations between academic institutions and pharmaceutical
companies could also increase the rate of drug development.
 Improved access to and use of surveillance.72
 Improved treatment of animal waste before being applied
to farmland to remove antibiotics and bacteria.
 Composting of manures and aeration of slurry greatly
reduce bacteria numbers.
 Educating farmers to reduce antibiotic use and provide
support to achieve this (available through RUMA).
 Minimising prophylactic use of antibiotics. Prophylactic
use is believed to be an ongoing source of resistance by
organisations such as the Soil Association.
 Increased research into antibiotic alternatives in food
production, such as bacteriophages.
 Reserving medically important antibiotics for human
medicine (POSTnote 433). There have been campaigns
to reserve fluoroquinolones, which are recognised as vital
for human use by the WHO. However, the need for this
has been disputed by the Veterinary Medicines
Directorate (Box 3).

Improved Waste Treatment
The waste treatment process has not been designed to
prevent antibiotics and resistant genes from being released
into the environment. A number of improvements to the
waste treatment process have been suggested.30 These
include catalytic oxidation of pharmaceutical compounds.
This is a new area of research using iron and hydrogen
peroxide to break down antibiotics and compounds such as
triclosan.83 Alternatively, established natural and artificial
wetlands have been shown to breakdown high levels of
antibiotics and bacteria in their root structures. Over 90% of
veterinary drugs can be removed by wetlands.
It has also been suggested that establishment of hospital
wastewater treatment plants and additional investment in
the infrastructure of treatment plants could reduce
antibiotics and resistant bacteria entering the environment.
There are currently no limits for the concentration of
antibiotics entering the environment; however global safe
discharge standards have been proposed.25
Endnotes
For references please see:
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