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A report for the Alliance to Save Our Antibiotics

Summary
Scientists and leading figures are increasingly warning of a serious health crisis in future, where some
infectious diseases will no longer be treatable, if we do not urgently start using antibiotics more sparingly
and intelligently. Antibiotic resistance is developing faster than new antibiotics are being developed, as
finding new antibiotics is becoming increasingly difficult and expensive.
Despite previous attempts to reduce use, surveys have shown that many doctors still prescribe antibiotics
far more often than necessary, a high proportion of patients still believe that antibiotics are effective
against viruses, and a significant number of patients do not even complete a full course of antibiotics,
sometimes saving tablets for later self-medication.
On farms, many antibiotics are used routinely for disease prevention or for the treatment of avoidable
outbreaks of disease. Increasing use of antibiotics that are critically important in human medicine is also a
serious concern. Some government officials and the intensive livestock industries are reluctant to reduce
antibiotic use significantly, because this might increase production costs. As a result, those representing the
interests of intensive livestock farmers and drug companies generally argue that the use of antibiotics does
not contribute to the problem of antibiotic resistance in humans to any appreciable extent. Some
governments, including the British government, accept industry arguments and claim there is no conclusive
evidence that farm antibiotic use contributes to the human resistance problem.
In reality, increasing resistance levels are driven by antibiotic use in all sectors: in humans in the community
and in hospitals, on farms and in companion animals. Although resistance in human infections is mainly
caused by human antibiotic use, for a range of bacteria, farm-animal use contributes significantly and for
some infections is the main source of resistance. This fact has been established by decades of research and
is now fully accepted by organisations like the World Health Organisation and the European Food Safety
Authority. This briefing sheet summarises some of the most important findings.
Antibiotic-resistant bacteria pass between humans, between animals and between humans and animals in
both directions much more frequently than once realised. Copies of antibiotic-resistance genes can also
move between bacteria, and this exchange can occur in the human gut, so in some cases the bacteria
causing a human infection will not be of farm-animal origin, but the resistance will be.
This complexity means there are few completely conclusive results in antibiotic-resistance science.
Nevertheless, the overall weight of scientific research has led to a consensus that:



for some bacterial infections, such as Campylobacter and Salmonella, farm antibiotic use is the
principal cause of resistance in human infections.
for other infections, like E. coli and enterococcal infections, farm antibiotic use contributes, or has
contributed, significantly to the human resistance problem.
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the emergence of resistance to critically important antibiotics, in particular of ESBL resistance in E.
coli and Salmonella, is a major development which has occurred in recent years, which has been
driven by inappropriate use of these antibiotics in both human and veterinary medicine.
livestock-associated strains of MRSA infecting humans are also a developing problem, which results
from the high use of certain antibiotics in farm animals.
some other emerging antibiotic resistant infections in humans may in part be due to farm antibiotic
use, but while research is ongoing, there is currently insufficient evidence to draw clear
conclusions.

The lack of major success over past decades in developing new antibiotics means that it has become ever
more important that we preserve the antibiotics that we have by using them only when they are genuinely
needed in order to reduce overall use.
On many highly intensive pig and poultry farms, the approach is to increase hygiene and ‘biosecurity’ to
reduce the spread of disease. However, the widespread use of some disinfectants, can also select for
antibiotic-resistant bacteria. A more effective method for reducing disease and the need for antibiotic use
in farm animals is to reduce livestock density. This is already a component of both Danish and Belgian
attempts to reduce farm antibiotic use. Keeping animals in healthier conditions, where possible with
greater access to the outdoors, can reduce disease still further. Selecting appropriate animal breeds, with a
much greater focus on their resistance to infection and less on maximum productivity, will also contribute
to a healthier animal population, needing fewer antibiotics.
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Introduction
This review seeks to provide a balanced view of the relative contribution of human and veterinary use of
antibiotics to the growing problem of antibiotic resistance in order to support calls for further action.
The Chief Medical Officer in the United Kingdom, Dame Sally Davies, recently warned Parliament that the
rise of antibiotic resistance could cause a national emergency comparable to a catastrophic terrorist attack,
pandemic flu or major coastal flooding. She told MPs of an ‘apocalyptic scenario’ where people going for
simple operations in 20 years' time die of routine infections ‘because we have run out of antibiotics’. She
said that she would ask the Cabinet Office to add antibiotic resistance to the national risk register in the
light of an annual report on infectious disease she will publish in March, and that there would also be a new
cross-government strategy and action plan to tackle this issue published in early spring [1].
This is a welcome, if somewhat overdue, acknowledgement from the UK Government of an issue which has
been highlighted many times in recent years by scientists and leading figures around the globe.
Finding new antibiotics is becoming increasingly difficult and more expensive. Only three genuinely new
antibiotic classes have been developed over the last 30 years. As a result, antibiotic resistance is developing
faster than new antibiotics are being developed.
At present, most antibiotic resistant infections can still be treated, but where infections are resistant to the
antibiotics of choice, length of hospital stay is increased, patient recovery is slower, and costs to health
services and taxpayers increase dramatically. In addition, hospital doctors are increasingly having to turn to
a small number of more toxic antibiotics which have been little used in the past because they can cause
serious side effects.
For some serious live-threatening infections such as E. coli, no new antibiotics are currently close to
development, and treatment failures are already occurring [2]. It has been estimated that in the European
Union alone 25,000 people die each year in from antibiotic-resistant infections and this figure could rise
significantly in future [3].
In veterinary medicine the issue is currently less critical, but serious treatment problems are developing
here too due to rising levels of resistance in many bacteria. Outbreaks of swine dysentery have already
occurred which were resistant to all veterinary [4].
Understandably, attention tends to focus on the continuing overuse of antibiotics in human medicine,
where considerable improvements could still be made in many countries. Research in the UK shows that
almost half the people who visit their GPs with coughs and colds still expect to be given antibiotics, and that
GPs can be concerned that a refusal to prescribe antibiotics will harm the doctor-patient relationship [5][6].
A Health Protection Agency survey found that a quarter of people who are prescribed antibiotics don’t
finish them, and a Welsh study concluded that approximately 1.6 million unnecessary prescriptions were
made each year in the UK [5][7]. Infections in people who have taken antibiotics in the last six months are
twice as likely to be resistant, so reducing unnecessary antibiotic use would have major benefits [5].
The situation in some developing countries is even more alarming. Antibiotics, including those which should
be reserved for second- or third-line treatment of serious infections are on general sale, sometimes
produced illegally and not full strength. Often the poor cannot afford to pay for a complete course, so they
buy just a few tablets which are insufficient to kill off all the infectious bacteria, leaving the more resistant
ones to proliferate. Then, due to the high level of international travel today, new types of antibiotic
resistance in one country can spread worldwide within just a few years [8].
For a wide range of human diseases it is clear that the use and overuse of antibiotics in human medicine,
and not farm animals or companion animals, is the cause of increasing resistance. This includes, for
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example, the spread of multi-resistant tuberculosis and the emergence of resistance to the antibiotics of
last resort, the carbapenems (as these are not licensed for use in farm animals).
Because of this, however, there is a tendency amongst some sections of the intensive livestock industry and
even some governments, to dismiss the contribution from veterinary use almost entirely. In the UK, a Defra
advisory committee has considered how cross-departmental government action could be used to counter
media stories suggesting that farm antibiotic use could cause problems for people [9].
In a recent Parliamentary debate in the UK on the link between farm antibiotic use and resistance in human
medicine, the Parliamentary Undersecretary for Health, Anna Soubry MP, correctly said that:
‘There is scientific consensus that the use of antimicrobials1 in human medicine is the main driving force for
antimicrobial-resistant human infections’ [10].
However, this is not the whole story. While antibiotic use in animals may not be the main driver of
resistance in humans, use in farm animals (and to a lesser extent use in companion animals) is a very
important contributor. For some human diseases it is actually the main cause of resistance. Despite this,
the Minister continued by saying:
‘There is no conclusive scientific evidence that food-producing animals form a reservoir of infection in the
UK. Food is not considered to be a major source of infections resistant to antibiotics.’
The Minister made it clear that her notes were in part provided by Defra, where the Veterinary Medicines
Directorate (VMD), a largely industry-funded executive agency of Defra, is responsible for antimicrobial
resistance. The statement was clearly a reflection of VMD’s position statement on antibiotic resistance
which fails to recognise explicitly that farm antibiotic use contributes to resistance problems in humans
[11]. In this respect, Defra’s position is increasingly out of step with a broader European perspective as
reflected by reports from the European Food Safety Authority (EFSA) and the World health Organisation
(WHO) [3][12].
Although absolute proof of cause and effect in this field can be extremely difficult to establish because so
many of the same antibiotics are used in both veterinary and human medicine, scientists have established a
clear link between antibiotic use in farm animals and resistance in humans.
In particular, the scientific evidence shows that:
1. for some major human bacterial infections, such as Salmonella and Campylobacter, farm animals
are the most important source of antimicrobial resistance.
2. for certain other human infections, such as E. coli and enterococci, there is strong evidence that
farm animals are an important source of antibiotic resistance.
3. for some infections, like MRSA, there is evidence that in the UK the farm use of antibiotics currently
makes a small contribution to treatment problems in human medicine. But based on the
experiences in some other countries, this contribution may increase significantly unless we take
decisive action very quickly.
4. for a further small number of antimicrobial-resistant infections, such as Neisseria gonorrhoeae,
there is as yet no evidence of any link with farm antimicrobial use at all, yet there is a solid
theoretical case that the horizontal transmission of resistance genes of farm-animal origin could
contribute to the rise of potentially untreatable cases in humans. This would be such a serious and
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Antimicrobials are substances which kill or inhibit the growth of micro-organisms such as bacteria, fungi or protists.
Antimicrobials can be synthetic or naturally produced by other micro-organisms. Antibiotics were originally defined as
antimicrobials which are naturally produced, although the two terms are often now used interchangeably.
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quite possibly irreversible development that precautionary action without waiting for evidence
would be wise, even if the probability of the worst-case scenario is only moderate.
5. for many other infections, such as multi-drug resistant tuberculosis and the wide range of
infections caused by antibiotic-resistant strains of Streptococcus pneumonia, the use of antibiotics
on farms plays no part in the resistance problem in human medicine.
Antibiotic-resistant bacteria of farm-animal origin can pass to humans in a number of ways, principally
on food, but also by direct contact and through the environment. Resistant bacteria can and also pass
from humans to farm animals. Here they can multiply and acquire additional resistance genes, then
pass back to humans.
In each case, the resistant farm-animal bacteria can contribute to higher levels of resistance in human
infections in two main ways:



they can directly cause an infection in humans, and this infection will be antibiotic-resistant.
they can colonise the human gut (and potentially other sites such as the nares) without causing an
infection, and pass on copies of their resistance genes (‘horizontally’) to bacteria already living in
the human gut. The human-adapted bacteria receiving the resistance genes may subsequently,
possibly at a much later date, cause an infection, if they get into the wrong part of the body (e.g. a
urinary-tract infection). In this case, the pathogen will be of human origin, but its resistance will
originate (either wholly or partly) from the farm use of antibiotics.

Tracing the origin of the resistance tends to be much easier in the first scenario, as when foodborne
bacteria cause immediate outbreaks of infection in a significant number of people at once, scientists can
frequently trace the source of the infection to a particular food, often meat.
In the second scenario, establishing the origin of the resistance tends to be more difficult and can involve
molecular studies examining resistance genes and associated genes such as plasmids2, rather than just
comparing bacterial strains. The Minister said in the Parliamentary debate that ‘The majority of resistant
strains affecting humans are different from those affecting animals’, but differences in strains does not
always mean that the resistance is not of farm-animal origin, due horizontal gene transmission.
A factor complicating the detective work is that human antibiotic use can add to the resistance profile3 of
some bacteria, which may already be resistant to certain antibiotics due to earlier farm antibiotic use. The
fact that some of the resistance in this case will be due to human use does not detract from the fact that a
large amount of resistance to vitally important medical antimicrobials in these bacteria is initially coming
from the use of similar, or identical, drugs in livestock production.
Companion animals can also be a source of resistant bacteria which infect humans, and there is a significant
amount of resistance which can be transmitted from humans to animals as well. Transmission is often by
direct contact, and this is a particular problem with MRSA which can be easily passed on in this way [13].
Although overall antibiotic use is much lower in companion animals than in the high-consuming farm
species like pigs and poultry [14], efforts should nevertheless be made to ensure that unnecessary use is
avoided.
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A plasmid is a small loop of DNA, which is separate from the bacterium’s chromosome, and which can carry
antibiotic-resistance genes. Copies of resistance plasmids, sometimes with more than one resistance gene can be
transferred between bacteria, making the recipient bacteria resistant to all the corresponding antibiotics.
3
The resistance profile is the list of antibiotics to which a bacterium is resistant.

5

The WHO has summarised the situation by saying:
‘Since this resistance has no ecological, sectoral or geographical borders, its appearance in one sector or
country affects resistance in other sectors and countries. National authorities, veterinarians, physicians,
patients and farmers all have key roles in preserving the power of antibiotics. The prevention and
containment of antibiotic resistance therefore requires addressing all risk factors for the development and
spread of antibiotic resistance across the full spectrum of conditions, sectors, settings (from health care to
use in food-animal production) and countries’ [3].
In addition to the genuine scientific difficulties in establishing certainty on the origin of some antibiotic
resistance, it is important to recognise that commercial interests may influence the debate. In the UK, the
Responsible Use of Medicines in Agriculture Alliance (RUMA), an alliance representing the interests of the
pharmaceutical and intensive-farming industries which is opposing attempts to ban the routine
preventative use of antibiotics in farming, has dismissed the claim that the overuse of antibiotics in
intensive farming adds to the serious public-health threat from antibiotic resistance as a ‘myth’, despite the
wealth of evidence to the contrary [15].
Furthermore, although government scientists have produced many high-quality studies over the past
decades examining the farm resistance issue, government officials recognise that implementing significant
restrictions on antibiotic use in farming could increase costs. A report published last year by Defra and
Department of Health scientific advisors and officials argued against taking too many measures at an EU
level, saying this could put EU farmers at a commercial disadvantage leading to more imports [16].
They warned that costs might increase because, they claimed, fewer animals might survive, but also
because ‘livestock have to be kept more extensively or in better buildings to minimise risks of becoming
infected, such as avoiding pneumonia by building better designed, well-ventilated buildings’. The report
concluded that ‘Unless consumers are prepared to pay a premium for food produced by means designed to
lower the risk of transmitting antimicrobial resistance (while not compromising animal welfare) the
potential for unintended consequences of certain measures that may be used to control antimicrobial
resistance is high’.
As a result, despite accepting that improving the conditions in which animals are reared can result in
significant improvements in antibiotic use, Defra officials largely continue to support the status quo. It is
not difficult to imagine, then, how these considerations may also have influenced the partly incorrect
scientific advice Defra gave to the Health Minister, which downplayed the contribution of farm antibiotic
use to the human resistance problem.

1. Human infections where farm antibiotic use is the main source of
resistance: Salmonella and Campylobacter
Salmonella is a food-poisoning infection which often causes outbreaks where a number of people are
infected at the same time. Because of this it is generally easy to establish the cause, and there is now a
large scientific consensus that most antibiotic resistance in human infections is of farm-animal origin.
Campylobacter infections tend to be more sporadic, making it more difficult to trace their origin precisely.
Nevertheless meat, particularly poultry, is known to be a major source of infection, and the emergence of
resistance in human infections to certain particularly important antibiotics, such as the fluoroquinolones,
followed the introduction of these antibiotics to farming, providing strong evidence of a link [12].
EFSA concluded in its 2008 report, which reviewed the evidence on foodborne antimicrobial resistance,
that:
‘Resistant Salmonella and Campylobacter involved in human disease are mostly spread through foods’ [12].
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The WHO similarly said in its 2011 report on foodborne antibiotic resistance:
‘Resistance in the foodborne zoonotic bacteria Salmonella and Campylobacter is clearly linked to antibiotic
use in food animals, and foodborne diseases caused by such resistant bacteria are well documented in
people. Of special concern is resistance to so-called critically important antibiotics for human medicine. For
example, the use of fluoroquinolones in food animals has led to a corresponding antibiotic resistance in
Salmonella and Campylobacter species, thus causing infections in people. Also, antibiotic resistance in
Salmonella has been associated with more frequent and longer hospitalization, longer illness, a higher risk
of invasive infection and a twofold increase in the risk of death in the two years after infection’ [3].

2. Human infections where farm antibiotic use is an important source of
resistance: E. coli and enterococci
With infections caused by E. coli which cause extra-intestinal infections (such as urinary-tract and bloodpoisoning infections) and by enterococci which cause kidney and wound infections, the situation is more
complicated than for Salmonella and Campylobacter because farm-animal strains can frequently contribute
to resistance in human infections by transferring copies of resistance genes to human-adapted E. coli and
enterococci in the human gut, rather than by directly causing infections.
In the case of E. coli, farm-animal strains, especially those originating with poultry, can also cause infections
directly. This may also occur for enterococci, but there is less evidence of this happening.
However, despite the greater scientific difficulties in establishing the source of resistance for these two
types of bacteria, in both cases, there is now clear evidence that farm-animal antibiotic use does contribute
significantly to levels of antibiotic resistance in human infections.
2.1 E. coli
Headline coverage of antibiotic resistance in E. coli infections inevitably focuses on the most serious
emerging forms resistance: extended-spectrum beta lactamase (ESBL) resistance which renders the
bacteria resistant to modern cephalosporins, which have for many years been the most important
antibiotics for treating cases of blood poisoning, and resistance to carbapenems, the drugs of last resort
which doctors had until recently managed to hold in reserve, but are now often forced to use in lifethreatening cases, because of the growing risk that modern cephalosporins will not be effective.
Resistance to other antibiotics may sometimes be seen as less important because these resistances have
been around for longer, however, we have only reached the current critical situation where we are already
seeing some untreatable E. coli infections because we have allowed a large number of antibiotics over the
years to be used far too freely in both human and veterinary medicine, in the latter case most frequently
on a routine basis at sub-therapeutic levels over prolonged periods, the very conditions most likely to cause
resistance to become a problem. It is important, therefore, to examine the evidence that a significant
proportion of the resistance to these earlier antibiotics in human infections has been caused by the farm
use of antibiotics, before we look at the particular case of ESBL resistance.
Certain scientists, including some funded by the pharmaceutical industry, have used the fact that some
studies have found differences in the strains of E. coli which colonise the intestines of farm animals and
those which infect humans, to argue that resistance in farm-animal E. coli is largely irrelevant to human
health [17].
However, this view is now disputed by many scientists, as evidence mounts that a very significant
proportion of the resistance in E. coli causing urinary-tract and blood-poisoning infections in humans is of
farm-animal origin [18][19][20]. There is now compelling evidence that food animals are a reservoir for
antibiotic-resistant E. coli, colonising or infecting humans, and also a reservoir for resistance genes which
7

can transfer to E. coli which can cause infections in humans. This accumulating evidence has led one leading
Australian scientist to warn that, with resistant E. coli, ‘We are what we eat’ [18].
The transfer of antibiotic resistance genes from farm-animal E. coli to human E. coli in the human gut was
shown to occur in a study published in 1969 [21]. Since then a number of studies have confirmed the
finding, including a study carried out on a Danish pig farm which found that while the E. coli from the pigs,
the pig farmers and the environment were all genetically different they carried the same resistance plasmid
[22]. Danish government scientists believe that taken together, these studies show that:
‘The transfer of resistance genes between E. coli of animal and human origin in the intestine of humans is
very likely’ [19].
Some of the strongest evidence that resistance genes in human E. coli can originate in farm animals comes
from occasions when an antibiotic has been used in veterinary medicine but not in human medicine. The
antibiotic nourseothricin was used in pigs in the former East Germany in the 1980s, but no equivalent
antibiotic was used in humans during the same period.
Resistance to the antibiotic was first detected in porcine E. coli, two years after the introduction of the
antibiotic, and later resistance was found in E. coli from pig farmers. In subsequent years, resistance was
found in E. coli and other pathogens, such as Salmonella and Shigella (the cause of dysentery in humans),
from people in the wider community. One scientist from the UK’s Veterinary Laboratories Agency
commented that:
‘These observations strongly support the premise that resistance genes present in the commensal flora of
animals can spread to bacteria which can colonize or infect humans’ [23].
EFSA has come to a similar conclusion, saying:
‘Some categories of food may often be contaminated with E. coli, including resistant isolates, and these
bacteria reside long enough in the intestines of humans to be able to transfer resistance genes to the
residential flora. It is therefore highly probable that food is a vehicle for spread of resistance genes between
different ecosystems’ [12].
While most scientists have refrained from claiming their research provides conclusive proof, this is largely
because it is not possible to observe under experimental conditions all components of resistance gene
transfer and subsequent infection at one time. As such, conclusions have to be based on deduction. The
small element of uncertainty introduced by words like ‘highly probable’ should not be taken to indicate that
the incidence of such gene transfer is not frequent or that the implications of this are not significant.
Although there are differences from country to country it is important to realise that many of the findings
from research in other countries are relevant to the situation in the UK. Some British research has also
found evidence of resistance to important antibiotics in human E. coli infections originating in farm animals.
In the 1980s and 1990s, for example, government scientists working for the Public Health Laboratory
Service (PHLS) produced some strong evidence that resistance to aminoglycoside antibiotics, which have
been important for treating E. coli infections, was passing from farm animals to humans. By 1994, they said
that their findings:
‘support the view that resistance to gentamicin and apramycin in clinical isolates of E. coli results from the
spread of resistant organisms from animals to man, with subsequent inter-strain or inter-species spread, or
both, of resistance genes on transferable plasmids’ [24].
Given this, and other similar statements by scientists from the Health Protection Agency and the Veterinary
Laboratories Agency over the years, it is disappointing that the British Government appears to be so
reluctant to acknowledge the significance of farm-animal-to-human transmission of antimicrobial
resistance, or to take effective action to limit it.
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In addition to the mounting evidence that resistance genes from farm animal E. coli can spread to humanadapted E. coli, there is also evidence that farm-animal E. coli, particularly E. coli from poultry, can directly
cause infection in humans [18][19]. Two studies carried out in Spain and the United States, for example,
have found strong evidence that poultry are a source of antibiotic-resistant human E. coli infections
[25][26]. The scientists used genetic methods to compare human and poultry E. coli and found that human
resistant E. coli were genetically similar to resistant poultry E. coli and that resistant poultry E. coli were
also genetically similar to sensitive poultry E. coli. However, the human resistant E. coli were genetically
unrelated to the human sensitive E. coli.
Both sets of scientists concluded that it appeared that the E. coli had evolved to become resistant in
poultry, before being transferred to humans. The scientists working in the United States said:
‘Many drug-resistant human fecal E. coli isolates may originate from poultry, whereas drug-resistant
poultry-source E. coli isolates likely originate from susceptible poultry-source precursors’ [26].
The WHO, commenting on the evidence, has concluded:
‘Resistant E. coli can spread from animals to people through the food-chain’ [3].
Direct evidence of the effect of food on levels of antibiotic-resistant E. coli in humans has been provided by
a French study. This involved feeding six volunteers a near-sterile diet for an average of 17 days, after an
earlier control period of 21 days. During the control period, they were fed their usual diet, and for the
sterile-diet period their food was heated to 105ᵒC for one hour, which was shown to be sufficient to
destroy any E. coli bacteria on the food.
The day after the sterile diet began, the number of E. coli in the volunteers which were resistant to
ampicillin, streptomycin, and tetracycline fell significantly, and it reached a minimum in just three days. For
the antibiotic tetracycline, for example, the number of resistant bacteria fell by an average factor of 500.
On the other hand, there was a much smaller fall in the number of sensitive E. coli (average factor of 3),
which was not statistically significant. The scientist concluded that most resistant E. coli in the human gut
come from food [27].
Although estimating the size of the precise contribution of farm-animal antibiotic use to resistance in
human E. coli infections has proved more difficult than for Salmonella and Campylobacter for the reasons
detailed above, evidence gathered in recent years has suggested that it is likely to be very significant.
An international study by Australian, Canadian and Danish scientists used data from 11 European countries
on levels of antibiotic resistance in human and farm-animal E. coli, and antibiotic use in humans. They
found strong and statistically significant correlations between resistance to several antibiotics, including
critically important antibiotics such as fluoroquinolones and modern cephalosporins, in human E. coli, and
resistance to the same antibiotics in poultry and pig E. coli. They also found that antibiotic use in humans
was only correlated with antibiotic resistance in humans for two of the four classes of antibiotics examined.
They concluded that:
‘In addition to the contribution of antimicrobial usage in people, a large proportion of resistant E. coli
isolates causing blood stream infections in people are likely derived from food animal sources’ [20].
ESBL E. coli
A major cause for concern regarding resistance in E. coli has been the emergence over the past decade, in
both humans and farm animals, of extended-spectrum beta-lactamases (ESBL) resistance. This is caused by
a large family of enzymes which render the bacteria resistant to modern cephalosporins, which are very
important treatments for patients who have to be hospitalised with resistant E. coli infections. Defra and
HPA scientists, and many others, believe that the emergence of these bacteria in farm animals, in the UK
and throughout Europe, is partly linked to the increasing use of modern cephalosporins and
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fluoroquinolones in farming, two antibiotic classes classified as critically important in human medicine by
the WHO [28].
A review of the scientific evidence by Defra and Department of Health scientists in the UK, which was
published last year recognised only a minor role for farm animals in the emergence of this, but did
conclude:
‘It is thought that emergence of ESBL bacteria in food producing animals may present a risk of resistant
strains being transmitted to humans through the food chain’ [28].
In view of the potential importance to human health of the emergence of ESBL E. coli in farm animals, it is
welcome news that a three-year collaborative research project is to be undertaken by four universities, the
AHVLA, Health Protection Scotland and the HPA to provide further evidence of ‘the risk to public health
posed by ESBLs in bacteria from non-human sources, including the food chain’ [29]. However, based on the
existing evidence, it would not be justifiable to delay taking effective action to limit the rise of ESBLs in farm
animals until this project has been completed.
Many of the ESBL resistant infections in humans are nowadays acquired in the community. According to the
Defra/DH ESBL report published last year:
‘Whilst initially confined to enterobacteriaceae causing hospital acquired infection, the emergence and
spread particularly in the community of Escherichia coli (E. coli) strains producing CTX-M ESBLs is a very
serious challenge to effective therapy of infections caused by all Gram negative bacteria4’ [28].
Not only is the emergence of these bacteria in the community a serious development regarding therapy, it
may also be important evidence of a farming connection. In 2005, the HPA published a report on the spread
of ESBL E. coli, and the author of the report, Dr Georgina Duckworth said:
‘The findings in our report show evidence of people carrying these bacteria in their gut. If this is found to be
commonplace in the general population this may point towards the food chain being a potential source’
[30][31].
At the time of the publication of the HPA report, one study had found that 1.4% (8 of 565) of communitybased patients had ESBL E. coli bacteria in their faeces, whereas just 0.25% (1 of 394) of hospital-based
patients had the bacteria [32]. More recent research, carried out in Birmingham, found that 11.3% of
community patients (GP patients or outpatients) had ESBL E. coli in their faecal matter [33]. This is a very
large increase over earlier findings, and perhaps pointing towards the food chain as a possible source, as Dr
Duckworth had suggested. However, it has to be recognized that the Birmingham study may not accurately
reflect the national situation and that further more comprehensive surveys are needed.
A key point to note here is that modern cephalosporins are not normally prescribed by GPs, not least
because, with only one exception, they are not available in tablet form. They are also not prescribed by
veterinary surgeons for companion animals, so where ESBL carriage is found in members of the public who
have not been treated with these antibiotics in hospitals, food or farm animals are likely to be the source of
the resistance in a significant proportion of cases.
While the evidence for ESBL resistance coming from animals is a major cause for concern, it should also be
pointed out that the main epidemic strain of ESBL E. coli in humans in the UK, called ST131, is not thought
to have a significant farm-animal link. There is, nevertheless, evidence that farm animals may be a source
for some of the other ESBL E. coli strains causing infection in humans, as well as of various ESBL plasmids.
In the Netherlands, where more research has been carried into ESBL E. coli in farm animals than has been
the case in the UK (and where levels of ESBL E. coli in farm animals are also higher than in the UK), the
evidence is even stronger. Scientists there, including Dutch government scientists, found that a very high
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All bacteria are classified as Gram-positive or Gram-negative. E. coli, like Salmonella and Campylobacter, are Gramnegative, whereas Staphylococcus aureus and enterococci are Gram-positive.
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proportion (94%) of retail poultry was contaminated with ESBL E. coli, and that 39% of these bacteria
belonged to strains causing human infections. They said that:
‘These findings are suggestive for transmission of ESBL producing E. coli from poultry to humans, most likely
through the food chain’ [34].
Other Dutch scientists also found a proportion (80%) of retail poultry had ESBL bacteria and that the
predominant ESBL genes in poultry meat and in human rectal samples were identical. They said:
‘These findings suggest that the abundant presence of ESBL genes in the food chain may have a profound
effect on future treatment options for a wide range of infections caused by gram-negative bacteria’ [35].
Further Dutch research published this month confirmed that 40% of human ESBL E. coli were ‘chicken-meat
isolates’. The scientists said that:
‘Therefore, chicken meat is a likely contributor to the recent emergence of ESBL E. coli in human infections in
the study region. This raises serious food safety questions regarding the abundant presence of ESBL E. coli in
chicken meat’ [36].
EFSA has also concluded that genetic similarities between certain ESBL plasmids found in farm animals and
in humans ‘strongly suggests an animal reservoir for this ESBL gene variant’ [45]. These particular ESBL
plasmids are very common in human infections in some countries, but less common in the UK.
2.2 Enterococci
For enterococci, there is less evidence that farm-animal strains cause infection directly in humans, but they
can transfer their resistance genes to human enterococci. EFSA says:
‘While the direct clinical infection in humans by VRE [vancomycin-resistant enterococci] from food sources
apparently is rare although not totally excluded as a possibility, the reservoir of VRE in food-producing
animals presents a definite risk of resistance genes being transferred to virulent human strains through food
and other routes’ [12].
Avoparcin was an antibiotic growth promoter, widely used in pigs, poultry and cattle in the UK and
throughout Europe. It is chemically very closely related to vancomycin, an extremely important hospital
antibiotic for treating MRSA and enterococcal infections.
The first evidence that the widespread use of this antibiotic on farms was leading to resistance problems
was produced by British scientists working at the University of Oxford: they isolated vancomycin-resistant
enterococci (VRE) from pig herds and from uncooked chickens [37]. Soon after, German scientists found
that VRE could be isolated from pigs, poultry and from humans in the community [38][39]. In contrast, in
the United States, where avoparcin had never been licensed as a growth promoter, VRE was not found in
people in the community, nor in farm animals [39][40][41].
Concerns about VRE being transmitted from farm animals to humans were a major reason for the EU ban
on the growth promoters. Avoparcin was the first growth promoter to be banned throughout Europe in
1997, after first having been banned in Sweden in the 1980s, in Denmark in 1995 and then in Germany in
1996.
In hindsight, the ban appears to have had the desired effect, according to data collected in some countries
(the UK and many other countries did not collect the data which would have enabled the ban’s effect to be
evaluated). In Germany, the incidence of VRE on poultry meat fell from 100% in 1994 to 25% in 1997, and in
faecal samples taken from people in the community it fell from 12% in 1994 to just 3% in 1997 [39][42]. In
Denmark, VRE prevalence in poultry fell from 82% in 1995 to less than 5% in 1998 [43], and in the
Netherlands VRE prevalence fell sharply between 1997 and 1999: from 80% to 31% for broilers, from 34%
to 17% for pigs and from 12% to 6% for humans [44].
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Referring to some of these findings, the WHO said in their 2011 report that:
‘Data have shown that this intervention resulted in reduction of vancomycin-resistant enterococci in food
animals and the general population’.[3]
3. Human infections where there is compelling evidence that farm antimicrobial use in the UK
contributes to a small, but likely increasing, proportion of resistance
MRSA are strains of Staphylococcus aureus with resistance to beta-lactam antibiotics, and often resistance
to other antibiotics as well. Strains of MRSA have emerged in farm animals in recent years, and unlike many
strains of Staphylococcus aureus of farm-animal origin, these livestock-associated MRSA strains can
colonise and multiply on most species, including humans. The most common of these, MRSA ST398, was
first detected in the Netherlands in 2005 [46].
The spread of MRSA ST398 throughout Europe’s pig population in particular (it is also present in poultry
and cattle), is recognised to have led to a growing number of these infections in humans. This strain now
accounts for approximately 39% of human cases of MRSA in the Netherlands [47]. Although farmers and
those in direct contact with livestock are those most at risk, MRSA ST398 can also sometimes pass from
human to human. Consumers of meat contaminated with MRSA are not thought to be at great risk, but
further research is needed to clarify this.
Most MRSA infections in humans in the UK currently have nothing to do with agriculture, but the recent
detection of a small number of cases of MRSA ST398 and other types of MRSA in British cattle is cause for
concern [48]. Livestock-associated MRSA have already caused infections in humans in the UK, and
experience from abroad suggests that, for MRSA ST398 in particular, there is a real danger that it will
spread widely in livestock unless changes in farm antimicrobial use are introduced urgently.
Several further types of MRSA are now emerging in pigs in Europe, North and South America, and Asia, and
some of these are epidemic human strains which are thought to have transferred initially from humans to
animals [49][50][51]. If these strains become widespread on farms, there is a real danger that livestock will
become a very important reservoir of human MRSA infections.
It is worth noting how quickly the livestock-associated MRSA problem has emerged. Less than ten years
ago, MRSA had never been detected in pigs, and the very small number of cases found in other farm
animals were believed to have been incidental transfers from humans. More recently, MRSA has been
found in abattoir studies in 61% of Spanish pigs, in 60% of Germany pigs and 39% of Dutch pigs
[52][53][54]. The emergence of this problem, like the emergence of the highly resistant ESBL E. coli, is
believed by scientists to be particularly linked to the increased use in farming of modern cephalosporins,
which are classified by the WHO as critically important antibiotics in human medicine [55][56].
4. Human infections for which there is currently no evidence that the farm use of antibiotics is
contributing to resistance, but where theoretical considerations suggest this could happen
Modern cephalosporins are first-line treatments for gonorrhoea, and Health Protection Agency scientists
have warned that any emergence of resistance to these antibiotics would be a ‘catastrophic development’
[57].
As mentioned above, resistance to modern cephalosporins, in the form of ESBL resistance, already occurs in
E. coli from humans and farm animals, and HPA scientists are worried that this resistance could transfer in
the genitourinary tract from E. coli to Neisseria gonorrhoeae. They say that at the moment, in the UK, most
cases of ESBL E. coli occur in older patients in the community. However, they point out that studies from
abroad, in Canada and Hong Kong, are finding significant levels of ESBL E. coli in women of all ages. The
scientists say:
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‘Rising rates of E. coli with CTX-M ESBLs [a type of ESBL resistance]in the genitourinary tracts of sexually
active women raise the alarming possibility that these enzymes might “escape” into sexually transmitted
bacterial pathogens, specifically Neisseria gonorrhoeae’ [57].
Since it is known that the presence of ESBL E. coli in farm animals and on food is contributing to the
presence of these bacteria in the human gut, the use of these antibiotics on farms is increasing the risk that
ESBL genes will eventually spread from E. coli to Neisseria gonorrhoeae.
5. Increasing farm use of critically important antibiotics in human medicine
Modern cephalosporins (3rd and 4th generation cephalosporins) and fluoroquinolones are two of the most
important classes of antibiotics used in human medicine, and have been classified by the WHO as critically
important in human medicine.
The increasing use of these antibiotics in agriculture over the past decade is widely recognised to have
contributed to the emergence of a range of highly resistant bacteria in farm animals, such as ESBL E. coli,
ESBL Salmonella, fluoroquinolone-resistant Campylobacter and MRSA.
Statistics in the UK from the Veterinary Medicines Directorate show that, after fluoroquinolone use was cut
significantly in 2000 following warnings in a report by the House of Lords Committee on Science and
Technology in 1998 and a report by the Advisory Committee on the Microbiological Safety of Food in 1999,
the use of both fluoroquinolones and modern cephalosporins has increased in most years since then. See
the table below in kgs of active ingredient compiled by the Soil Association from data provided by the
Veterinary Medicines Directorate.
Modern
cephalosporins
Fluoroquinolones

1999
220

2000
220

2001
310

2002
410

2003
410

2004
500

2005
672

2006
739

2007
854

2008
887

2009
976

2010
1,463

2011
1166

2290

1230

1320

1370

1360

1410

1460

1620

1951

1928

1849

2232

2085

While these are relatively small amounts in comparison to the quantities of some antibiotics used in
farming, it is important to realise that these are very potent antibiotics, and the weight of the active
ingredient of one dose is very low in comparison to most other antibiotics (the European Medicines Agency
says that one dose of fluoroquinolones, for example, typically weighs 30 to 70 times less than a dose of
tetracyclines [58]).
The increase in the use of these antibiotics is therefore a significant concern, particularly as it appears to be
happening throughout most of Europe (in fact the situation in some other European countries is
significantly worse in this respect compared to the UK) [58].
6. The need for action
In addition to action on inappropriate antibiotic use, overall farm antibiotic use must be reduced. This is
widely recognised as the most likely strategy which will slow, or even reverse, the growth of antibiotic
resistance.
The European Union has already taken some welcome action aimed at reducing the veterinary use of
critically important antibiotics, particularly the modern cephalosporins. However, much more remains to be
done [59]. Industry initiatives tend to promote ‘biosecurity’ and hygiene, which can have some benefits.
However, British research has shown that disinfectants can also ‘co-select’ for antibiotic resistance [60].
Some of the most important elements of a truly effective strategy would be:
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1. A legally binding timetable for the phased ending of all routine prophylactic, non-therapeutic use of
antibiotics.
Although the European Medicines Agency has clarified that, for products licensed through Europe’s
centralised procedure, routine prophylactic use is not permitted if no signs of disease are present [61], it is
clear that many within the industry continue to believe this practice is both acceptable, and at times
desirable [62].
2. The ban on the use of modern cephalosporins in poultry must be fully implemented, and a ban should
be also be introduced on their use in pigs and for dry-cow therapy in cattle.
The European Commission’s has taken an important decision that Member States must add a statement to
the Summary of Product Characteristics for modern cephalosporins to make it clear that the products must
not be used in poultry. Based on past experiences the Commission will need to verify that statements are in
fact added to SPCs throughout Europe, so that the ban comes into force as soon as possible.
Danish, Dutch and French pig producers have already introduced voluntary bans on the use of modern
cephalosporins [63]. Very recently published research found that the occurrence of ESBL E. coli in Danish
pigs at slaughter fell from 11.8% in 2010 to 3.6% in 2011 after the voluntary ban was introduced in July
2010. The decline in resistance for pigs tested on farms was even larger, from 11% in 2010 to 0% in 2011
[64].
Dutch dairy farmers have also already introduced a voluntary ban on the use of modern cephalosporins for
dry-cow therapy. According to the Dutch Chief Veterinary Officer, these voluntary bans have contributed to
a 92% reduction in the Dutch farm use of these antibiotics between 2009 and 2012 [65].
3. Modern cephalosporins should no longer be permitted to be used off-label
The risk of ESBL resistance and MRSA transferring from farm animals to humans is too great to permit use
of these antibiotics in animals which is not fully regulated.
4. A ban on the use of fluoroquinolones in poultry
Fluoroquinolones are critically important antibiotics in human medicine because of their importance for
treating infections such as Campylobacter, Salmonella and E. coli. Poultry are recognised as an important
source of these infections in humans, and in the case of Campylobacter are by far the most important
source. The United States banned the use of these antibiotics in poultry for that reason [66] and an
advisory committee to the French Prime Minister has added its voice to calls for such a ban in Europe [63].
5. New legislation aimed at ensuring that farm animals are kept in healthier, less intensive conditions,
wherever possible with access to the outdoors.
It is essential that a farm-animal health and welfare strategy should be recognised as a key tool in helping
to address the rise of antibiotic resistance. Improving animal health through increased animal welfare,
better system design and the selection of breeds that are less susceptible to disease can dramatically
reduce the need for antibiotics. There are a number of studies finding significantly lower use of antibiotics
and correspondingly lower levels of antibiotic-resistant bacteria in organically farmed animals, and both the
Belgian [67] and Danish [63] Governments are beginning to require reductions in livestock stocking density
in order to reduce the use of antibiotics.
6. Improved surveillance of antibiotic use and antibiotic-resistant bacteria in farm animals
The European Commission has already taken some important initiatives in this regard, both in relation to
antibiotic sales data and to the surveillance of antibiotic resistance . However, it is crucial that sales data be
provided by antibiotic class in each animal species. Without this it has little value in monitoring the
relationship between antibiotic use and resistance levels. It is also vital that the Commission uses its
powers to ensure that all Member States routinely monitor levels of antibiotic resistance in farm animals
and on retail meat for E. coli, Campylobacter, Enterococci, Salmonella and Staphylococcus aureus.
Cóilín Nunan and Richard Young, March 2013.
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