Why the use of fluoroquinolone antibiotics in poultry should be banned
Summary
Fluoroquinolones are antibiotics classified by the World Health Organization as ‘critically important in human
medicine’ due to their importance for treating infections such as Campylobacter, Salmonella and E. coli.
There have long been concerns that their introduction to veterinary medicine (in 1993 in the UK, and earlier
in some EU countries) might undermine their effectiveness in human medicine. As a result, in 1998, a report
on antimicrobial resistance published by the House of Lords Science and Technology Committee
recommended that fluoroquinolones no longer be permitted for mass medication in farm animals, and be
restricted to individual treatments only. Such a ban would effectively have meant the antibiotics could not
have been used in poultry, since they are only used for mass medication in that species.
However, in 2016, mass medication of poultry with fluoroquinolones is still permitted in the UK and most of
the EU, although it was banned in the US in 2005, and is also is not permitted in any Nordic country or in
Australia.
Furthermore, the latest data on resistance rates in human infections, which are at record levels for
Campylobacter in the UK and the EU, shows that concerns that resistance would be transmitted from farm
animals have been realised.
International regulatory and advisory bodies are clear that most fluoroquinolone resistance in human
Campylobacter and Salmonella infections is coming from farm-animal antibiotic use. Evidence for resistance
transmission from farm animals to humans is particularly strong in the case of Campylobacter and the use of
the antibiotics in poultry.
The European Food Safety Authority and the European Centre for Disease Prevention and Control recently
reported that resistance rates in EU countries was either “high”, “very high” or “extremely high”, and said
that it was their assessment that “a large proportion of human campylobacteriosis infections comes from
handling, preparation and consumption of broiler meat”. They said “this is a compelling example of how
antimicrobial resistance in food and animals may impact the availability of effective antimicrobial agents for
treating severe human Campylobacter infections”.
However, in the UK, industry bodies representing the pharmaceutical industry, farmers and veterinarians
have frequently challenged these scientific conclusions and have lobbied against proposals for a ban on the
use of fluoroquinolones in poultry. They have claimed that the bans on the use of fluoroquinolones in
countries like the United States and Denmark have failed because they have not reduced resistance rates in
humans.
This report will show that these claims are based on an incorrect and incomplete analysis of the available
data. We will show that the US ban on fluoroquinolones in poultry has in fact been a major public-health
success story, as the rate of resistance in human Campylobacter infections (22%) is now much lower than
the average for the EU (60%). This is despite much higher levels of use of quinolone antibiotics in human
medicine in the US compared with most EU countries.
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In contrast, the UK is the lowest user of fluoroquinolone antibiotics in human medicine in Europe, and per
person uses less than a third of the quantity used in the US, yet it has a fluoroquinolone resistance rate in
human Campylobacter which is far higher than the US (48% in England).
Data collected and published voluntarily by the British Poultry Council suggests that poultry consumption of
fluoroquinolones was significantly reduced in 2015 compared with 2014, which is a welcome development.
The UK’s consistently below-average resistance rate, when compared with other EU countries, is likely to be
due to its below-average consumption of the antibiotics in farm animals, and in particular in poultry. The
UK’s resistance rate is nevertheless increasing, and is at record levels, due to ongoing use of
fluoroquinolones in poultry.
Industry advocates have claimed that increases in fluoroquinolone resistance in human Campylobacter
infections in Denmark in recent years (to 35%), despite no use of the antibiotics in Danish poultry, show that
it is human fluoroquinolone use which is to blame. We will, however, show that large increases in recent
years in the importation of poultry meat into Denmark from countries that use fluoroquinolones in poultry
are by far the most likely explanation for the trend.
The Danish experience shows that international action to ban fluoroquinolone use in poultry is required if
the antibiotics are to remain available for treating future Campylobacter infections.
This report will also present data showing that countries which no longer use fluoroquinolones in poultry
(Australia, Denmark, Finland, Iceland, Norway, Sweden and the US) all have much lower levels of resistance
in human Campylobacter infections than every EU country that uses the antibiotics in poultry and which
provide data on resistance to the EU.
Nearly 20 years after the House of Lords recommendation, and with such clear evidence that
fluorouqinolone use in poultry is undermining the effectiveness of a critically important antibiotic in human
medicine, the UK government and the EU must finally act to ban the use of these antibiotics in poultry and
for all mass medication.
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1. Usefulness of fluoroquinolones is being undermined by resistance
Fluoroquinolones are one of the few classes of antimicrobials which have activity against the full range of
pathogens which cause bacterial gastroenteritis (most commonly Campylobacter, Salmonella, Shigella or E.
coli). This means that they have often been used for empiric treatment in human medicine, when the
pathogen is not yet known, before laboratory tests are carried out [1]. Their importance for treating
Campylobacter, Salmonella and E. coli infections has led the the World Health Organization classifying them
as ‘critically important in human medicine’.
Unfortunately, in some countries, fluoroquinolone resistance in Campylobacter has risen to very high or
extremely high levels, which means that the antibiotics are being abandoned for empiric treatment.
A recent study by scientists from the Royal Liverpool University Hospital said that the record level of
resistance found in 2014 (49.9%) had led to a change from using fluoroquinolones to using a macrolide
antibiotic for empiric therapy[2].
Macrolides, however, are not as well tolerated as fluoroquinolones and do not have as wide a range of
activity [1].
According to a 2009 document jointly published by the European Centre for Disease Prevention and Control
(ECDC) and advisory committees from the European Food Safety Authority (EFSA), the European Medicine
Agency (EMA) and the European Commission:
“The health impact of infection with quinolone-resistant Campylobacter is of concern, because these
infections are associated with longer duration of illness, and a greater risk of invasive disease or death.
Adverse clinical events are increased 6-fold within 30 days of infection and 3-fold within 90 days, when
patients were infected with quinolone-resistant compared to quinolone-susceptible strains” [3].
In a report published in 2016, EFSA and the ECDC said “Resistance to fluoroquinolones in some Member
States was extremely high; in such settings, the effective treatment options for human enteric
Campylobacter infection may be significantly reduced” [4].
2. Resistance in human infections is linked to farm use
Increasing fluoroquinolone resistance in human Campylobacter infections is generally attributed to the use
of these antibiotics in farm animals, and in particular poultry.
One reason for this, as explained by the European Medicines Agency’s (EMA) Committee for Medicinal
Products for Veterinary Use (CVMP), is that “food-producing animals, especially poultry, very commonly
have campylobacters in high numbers as commensals in their gastro-intestinal flora” whereas “it needs to be
emphasised that in humans campylobacters are only present in the patients gut during an infection with the
organism” [5]. According to the CVMP, this means that, in food animals, “During treatment of infectious
diseases like colibacillosis, resistant mutants [of Campylobacter+ are readily selected”, but on the other hand
“In humans fluoroquinolone-resistant mutants will be selected only during treatment of campylobacteriosis
with fluoroquinolones. Since in human therapy fluoroquinolones are predominantly used for other infectious
diseases, its relative contribution to the resistance levels of Campylobacter jejuni will be less significant.”
There are two other main reasons why it is generally accepted that most antibiotic resistance, including
fluoroquinolone, in human campylobacter infections comes from farm-animal use, and in particular poultry
use of the antibiotics:
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Most human campylobacter infections are of food-animal origin. According to the Food Safety
Authority, about 80% of campylobacter infections in the UK are acquired from contaminated poultry
[6]. Some other estimates put poultry’s contribution to human infections at lower levels, at
between 38% and 77%, and link cattle to about 20% of human cases [7][8]. Many of the studies
linking human Campylobacter infections with poultry have studied the genetics of the
Campylobacter found in human infections, and compared it with the bacteria found in poultry, other
farm animals and other sources. They have used different methods such as “Multi-locus sequencing
typing”, “Pulsed-field gel electrophoresis” and fla-typing, and these consistently show that poultry is
the main source of human infections, particularly in urban areas [8].
According to the FAO, WHO and OIE, “Even in countries without surveillance on antimicrobial use in
food animals, temporal associations have been demonstrated between the first approved use of an
antimicrobial agent in food animals and an increase in antimicrobial resistance. In the United States,
for example, there was a marked increase in the proportion of domestically-acquired Campylobacter
infections that were fluoroquinolone-resistant following the first approved use of fluoroquinolones
in food animals in 1995. Similar temporal associations were observed in several European countries
including the United Kingdom and the Netherlands. Similar associations between resistance
development in Salmonella and approval of use of antimicrobial agents in food-producing animals
have been described” [9].

Very similar arguments and evidence also points to a farm-animal origin for most fluoroquinolone resistance
in human Salmonella infections.
This report will not attempt to produce a review of the scientific evidence linking fluoroquinolone use in
poultry with resistance in human infections. A large number of scientific papers have been published on the
topic over many years, and reviews of the evidence by bodies such as EFSA and the WHO are already
available [10][11]. Instead this report will focus on the validity or otherwise of industry statements claiming
that there is little or no link between poultry antibiotic use and resistance in human infections.
3. The view of national and international authorities
Because a large proportion of human Campylobacter and Salmonella are of food origin, scientists have long
suspected that the introduction of fluoroquinolones into might lead to resistance to the antibiotics in these
infections.
In the UK, a few years after the introduction of fluoroquinolones to farming in November 1993, evidence
began to appear that resistance was transferring to human Salmonella infections. Graph 1 was produced by
Public Health Laboratory Scientists (PHLS) and has been widely reproduced by the WHO and others as
evidence of the impact of fluoroquinolones in farming [3][11].
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Graph 1 Fluoroquinolone resistance in Salmonella typhimurium DT104 in farm animals and
humans following licensing of fluoroquinolones in farming in 1993

Based on this and other evidence, as early as 1998 a report by the House of Lords was recommending that
fluoroquinolones no longer be permitted for mass medication (which would effectively mean that they
couldn’t be used in poultry, since the antibiotics are only used for mass medication in poultry). The House of
Lords report said:
““Potent agents important to human medicine, such as the fluoroquinolones, deserve extreme economy of
use in veterinary practice. It is right for large animals and companion animals to receive such agents on an
individual basis for short-term therapy; but mass-treatment of herds of pigs and flocks of poultry with
such agents cannot be best practice from the point of view of human public health” [emphasis added] [12].
In 2000, a report published by the Advisory Committee on the Microbiological Safety of Food said:
“The trend data we have seen appear to indicate a contribution of veterinary usage of quinolones to
resistance in human isolates of Campylobacter. The picture we see with respect to fluoroquinolone
resistance in salmonellas also points to a veterinary contribution to this resistance, as illustrated by the
trends in the data for DT104. Campylobacter and S. Typhimurium DT104 both occur in poultry, and these
pathogens are likely to have been exposed to similar antibiotics. Given the propensity for Campylobacter
and certain salmonellas to develop quinolone resistance, it seems reasonable to conclude that veterinary
usage of fluoroquinolones will have made a significant contribution to quinolone resistance in isolates of
Campylobacter and Salmonella from humans. Given the levels of resistance being seen in some other
countries, particularly for Campylobacter, it is important that fluoroquinolones retain efficacy in the
treatment of human and animal infections” [13].
According the House of Lords report, the PHLS data relating to fluoroquinolone resistance in Salmonella
Typhiumurium DT104 was passed on to the FDA in the US, which took it seriously. The House of Lords report
said: “in 1997, a telephone call from the PHLS Laboratory of Enteric Pathogens alerted FDA to the emergence
of ciprofloxacin resistance in S. typhimurium DT104 in the United Kingdom. Since then, FDA has issued no
more approvals for fluoroquinolones for animals; meanwhile, resistance to fluoroquinolones has been found
6

in Campylobacter, though none as yet in Salmonella. FDA are using DNA fingerprinting to see whether
resistance in Campylobacter can be traced to poultry and sarafloxacin. In discussion at FDA, during our visit
to the USA (see Appendix 6), we were taken aback to be asked why the United Kingdom continues to
approve fluoroquinolones for animal use, when the USA has stopped doing so on information from the
PHLS” [12].
A rapid increase in fluoroquinolone resistance in human Campylobacter infections in the 1990s in the US,
and several epidemiological and microbiological studies linking human Campylobacter infections with
poultry led the FDA to propose in October 2000 to withdraw the approval of fluoroquinolones in poultry
[14].
One pharmaceutical company producing fluoroquinolones for poultry, Abbott Laboratories, accepted the
FDA’s position and withdrew their product. The other, Bayer Corporation, opposed the FDA and requested a
hearing. The Animal Health Institute, the trade association representing pharmaceutical companies selling
veterinary medicines in the US, also supported Bayer in challenging the FDA. Eventually, in July 2005, the
FDA’s Commissioner final decision was announced, and from September 2005 all fluorouquinolones were
withdrawn from use in poultry in the US [14].
The FDA said in its final decision:
“The FDA's Center for Veterinary Medicine (CVM) began proceedings to withdraw use of this animal drug in
poultry because of scientific data that showed that the use of enrofloxacin in poultry caused resistance to
emerge in Campylobacter, a bacterium that causes foodborne illness. Chickens and turkeys normally harbor
Campylobacter in their digestive tracts without causing poultry to become ill. Enrofloxacin does not
completely eliminate Campylobacter from the birds' intestinal tracts, and those Campylobacter bacteria that
survive are resistant to fluoroquinolone drugs. These resistant bacteria multiply in the digestive tracts of
poultry and persist and spread through transportation and slaughter, and are found on chicken carcasses in
slaughter plants and retail poultry meats” [15].
The WHO has long been clear that the use of fluoroquinolones in food animals was contributing to resistance
in human infections. In 1997 a WHO report stated:
“Following the introduction of fluoroquinolones for use in poultry there has been a dramatic rise in the
prevalence of fluoroquinolone-resistant Campylobacter jejuni isolated in live poultry, poultry meat and from
infected humans. Moreover, prior to any use in poultry, no resistant strains were reported in individuals with
no previous exposure to quinolones. Fluoroquinolone-resistant C. jejuni has been associated with
therapeutic failures in humans” [16].
In a 2011 report, the WHO said:
“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. Treatment
failures, increased hospitalization and a higher risk of death have been reported for multiresistant
Salmonella Typhimurium definitive phage type (DT)104 that exhibits quinolone resistance” [11].
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Although the European Union has not banned the use of fluoroquinolones in poultry (individual member
states such as Denmark, Finland or Sweden do not use the drugs in poultry), various EU bodies have also
drawn the conclusion that use in poultry results in resistance in human Campylobacter and Salmonella. In
2008, a European Food Safety Authority (EFSA) report said:
“Resistant Salmonella and Campylobacter involved in human disease are mostly spread through foods. With
regards to Salmonella, contaminated poultry meat, eggs, pork and beef are prominent in this regard. For
Campylobacter, contaminated poultry meat is prominent.”
EFSA also said “A major source of human exposure to fluoroquinolone resistance via food appears to be
poultry” [1].
In 2016, a joint report by EFSA and the European Centre for Disease Prevention and Control said:
“Very high to extremely high resistance levels to ciprofloxacin were reported in human Campylobacter
isolates from all reporting Member States (although lower in Norway). Five of 13 MSs reported ciprofloxacin
resistance in > 80% of isolates and one country in 97.7%; in such settings, effective treatment options for
human enteric Campylobacter infection are significantly reduced. Given the high levels of resistance to
fluoroquinolones in broilers and the assessment that a large proportion of human campylobacteriosis
infections comes from handling, preparation and consumption of broiler meat (EFSA BIOHAZ Panel,
2010a), this is a compelling example of how AMR in food and animals may impact the availability of
effective antimicrobial agents for treating severe human Campylobacter infections. High levels of
tetracycline resistance were also observed (46.4% for C. jejuni and 53.8% for C. coli)” [17]. [emphasis added]
4. Industry opposition to banning fluoroquinolone use in poultry and claims that bans have not
worked
Despite the widely held consensus view that fluoroquinolone use in poultry is contributing to resistance in
human Campylobacter and Salmonella infections, only a small number of countries do not use the antibiotics
in poultry (this includes at least the United States, Australia, Denmark, Finland, Iceland, Norway and
Sweden). Campaigners have long called for fluoroquinolone use to be banned in poultry [18][19], but the
failure of most countries to act has likely been influenced by industry lobbying on the issue.
Just as Bayer Corporation and the Animal Health Institute opposed the ban in the United States, industry
organisations in the UK have opposed banning fluoroquinolone use in poultry and repeatedly sought to
question the scientific validity of the view that the use of the antibiotics in poultry leads to resistance in
human infections.
UK bodies representing the farming and pharmaceutical industries and veterinarians, such as RUMA, NOAH
and the BVA have generally focused on highlighting the apparent lack of effect on resistance in human
Campylobacter infections of the bans on fluoroquinolones in poultry in countries like the US and Denmark.
In 2012, the BVA President Peter Jones said:
“We know from the USA and Denmark that banning or restricting the use of certain antimicrobials in certain
species has not reduced the incidence of resistance to certain organisms in humans” [17].
In its 2013 submission to the House of Commons Science and Technology Committee, the BVA said:
“In Denmark, severe restrictions on the use of fluoroquinolones in animals were put in place in the mid1990s. However, although Campylobacter jejuni resistance to these fluoroquinolones in domestic human
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cases declined somewhat in the early 2000s, this was followed by a marked increase towards the end of the
decade” [20].
The BVA also said in the same document:
“In the USA, the fluoroquinolone enrofloxacin was banned in poultry in 2005. However, data shows that
resistance in man has continued to rise.”
Similarly, in RUMA’s submission to the same committee it said:
“Actions have been taken in some member states to limit antibiotic use in animals to reduce resistance in
humans. Latest reports from Denmark confirm the trends over the past few years and show that
Campylobacter resistance to fluoroquinolones in man acquired domestically continues to rise despite severe
restrictions on the use of this antimicrobial in veterinary medicine” [21].
NOAH said in a 2010 briefing on the fluoroquinolones:
“In the United States, the Food and Drug Administration (FDA) have withdrawn the use of fluoroquinolones
in poultry. The scientific basis for this action has been challenged by various institutions representing the
poultry veterinarians and the manufacturer. They are convinced, as are many scientists and officials, that the
responsible use of fluoroquinolones for the therapy of life-threatening animal diseases does not result in a
danger to public health” [22].
In his 2013 oral evidence to the Science and Technology Select Committee, John Fitzgerald, RUMA Secretary
General, said:
“My colleague has just given me information about the USA, where they banned enrofloxacin in poultry in
2005. They are looking at the issues as well, because there were problems about fluoroquinolone resistance
in Campylobacter in man. The evidence – the data – shows that since they introduced the ban, resistance in
man has continued to rise. Again, science would suggest that you have done one thing, but are not
necessarily getting the result that you hoped you were going to get.*…+ There may be issues in the way that
fluoroquinolones are used in man in the United States that may have led to the increase” [23].
Referring to the increase in fluoroquinolone resistance in human Campylobacter infections in Denmark, Phil
Sketchley of NOAH said during the same oral hearing:
“We have to address the facts. I am sure that the initiatives in Denmark were done with good intention – to
reduce, hopefully, the incidence of resistance – but sadly that has not proven to be the case. The facts are
now showing the opposite.”
5. The US ban has been a clear success
Industry claims that the US ban on fluoroquinolones in poultry in September 2005 has not had the desired
effect on the levels of resistance in human Campylobacter are based on a poor reading of the data.
The US had no fluoroquinolone resistance in human Campylobacter prior to the introduction of
fluoroquinolones into US farming in 1995 [24]. Graph 2 shows that resistance in human infections quickly
emerged thereafter (and similar increases in resistance were seen in other countries after they introduced
fluoroquinolones to farming).
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Graph 2 Emergence of fluoroquinolone resistance in human Campylobacter in the US after
fluoroquinones introduced to US farming in 1995 [24]

It is also interesting to note the large increase in fluoroquinolone resistance in the UK after the licensing of
fluoroquinolones for use in farming in 1993. Some cases of resistant Campylobacter did occur prior to 1993,
but British scientists, including government scientists, believed these cases to be mainly due to foreign travel
and the importation of poultry meat into the UK from EU countries, such as the Netherlands, which had
already licensed fluoroquinolones for use in poultry (in 1987 in the case of the Netherlands) [25].
Since the US ban on fluoroquinolones in poultry in 2005, there has been no significant further increase in
resistance rates. Table 1 shows the rates of resistance found in human Campylobacter jejuni in the US
since 2005.
Table 1 Resistance (%) to ciprofloxacin in human Campylobacter jejuni in the US 2005 to 2013
[26]
2005
2006
2007
2008
2009
2010
2011
2012
2013
21.6
19.6
26
22.6
23.1
22
24.1
25.3
22.3
As Table 1 shows, there has been little change in resistance in humans since 2005 and resistance in 2013 was
still about 22%, as it was in 20051.
In contrast, in the UK and in most European countries, resistance in humans is still increasing and is at much
higher levels than in the US. Table 2 summarises the average rate of resistance in reporting EU Member
States, according to annual reports published by EFSA and ECDC2.

1

The exact figure each year should not be given too much importance, given that only about 150 to 300 isolates are
tested per year, whereas it is estimated that about 2 million cases of Campylobacter infection occur in the US each year
[27].
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Table 2 Average resistance (%) to ciprofloxacin in human Campylobacter jejuni in EU reporting
countries 2009 to 2014, with number of reporting countries in brackets [26]

2005
37

2006
44.2

2009
53.3 (10)

2010
51.6 (11)

2011
52.5 (12)

2012
54.1 (14)

2013
54.6 (13)

2014
60.2 (13)

So while it is true that banning fluoroquinolone use in poultry has not reduced resistance in human
Campylobacter in the US, it certainly appears to have ensured that there has not been the large increase
seen in Europe, where most countries still use fluoroquinolones in poultry.
Furthermore, the lack of a fall in resistance in humans in the US may simply be due to the fact that
fluoroquinolone-resistant Campylobacter can be more biologically ‘fit’ than fluoroquinolone-sensitive
Campylobacter (that is it competes well with fluoroquinolone-sensitive Campylobacter in the absence of
fluoroquinolones, and its growth rate is not reduced as happens with some resistant bacteria), which means
that removal of the antibiotic will not necessarily be followed by a reduction in resistance [29] .
In more recent years, however, the level of resistance in US retail poultry has fallen begun to fall (in 2013,
resistance fell to an all-time low of just 11% [26], compared with an EU average of 65% in 2014 [4]), and this
may result in falls in resistance in humans in years to come.
6. Increasing fluoroquinolone resistance in human Campylobacter in Denmark is due to
increases in importation of retail poultry meat
Fluoroquinolones have not been used in chickens in Denmark since 2010, and only extremely small
quantities were used in 2008 and 2009 [30], and low amounts in earlier years. Despite this, fluoroquinolone
resistance in human Campylobacter infections in Denmark has continued on an upwards trend3. See
Graph 3.

2

The Member States reporting each year are not always the same, so the average is not exactly comparable from year
to year. On the other hand, between 2009 and 2014 between 6,000 and 12,000 isolates are tested each year, so the
resistance rates found are statistically significant.
3
Only a relatively small number of isolates are tested each year (circa 100), so some of the changes from year to year is
due to random variation, but the increasing trend seems clear.
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Graph 3 Fluoroquinolone resistance in human Campylobacter jejuni infections in Denmark [31],
with trendline added
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As section 3 shows, the BVA, RUMA and NOAH have suggested that this means the removal of
fluoroquinolones from Danish poultry production has not benefited resistance rates in humans. The BVA
blames “overprescribing of these compounds in humans” in Denmark [21].
However, there are several reasons why imported poultry is likely to be the main cause of the increasing
resistance in humans.
Firstly, as the annual Danish government DANMAP reports make clear, there is much more campylobacter in
imported poultry meat than in Danish-produced poultry meat: only about 10-20% of Danish poultry meat is
contaminated by campylobacter [32], whereas the contamination rate in the UK, for example, is about 59%
[33], meaning that imported poultry will contribute disproportionately to the number of human
Campylobacter infections.
Secondly, as Graph 4 shows, fluoroquinolone resistance is much higher in imported retail poultry meat in
Denmark than Danish-produced poultry meat4, and is also increasing. And finally, as shown by Graphs 5 and
6, imported poultry meat has increased very significantly in recent years and now makes up a large
proportion of total Danish consumption.

4

It is worth noting that fluoroquinolone resistance in Danish poultry meat continued to increase until 2012, even after
an end to the use of the antibiotics in Danish poultry. This is most likely because Denmark imports significant numbers
of grandparent birds from the UK, either directly or via Sweden, and that these birds were often been treated with
fluoroquinolones. It has been shown that fluoroquinolone resistance can be passed on to the parent birds and broilers
from the grandparent birds for E. coli [34], and it is possible that this might have been happening for Campylobacter as
well.
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Graph 4 Resistance to fluoroquinolones (%) in Campylobacter jejuni in Danish-produced and
imported poultry meat in Denmark [31]
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Graph 5 Imports of poultry meat to Denmark [35]

Graph 6 Production of poultry meat in Denmark [35]
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Given the large increases in the importation of poultry meat into Denmark in recent years, and the fact that
the Campylobacter on imported poultry is much more fluoroquinolone resistant than that on Danishproduced poultry meat, it is entirely to be expected that the rate of fluoroquinolone resistance in human
Campylobacter infections in Denmark would go up, in spite of the lack of fluoroquinolone use in Danish
poultry.
Far from providing evidence that fluoroquinolone resistance does not pass from poultry to humans, as
suggested by industry groups, the Danish data provides further evidence that the resistance does transfer.
Furthermore, it should be noted that at 35%, fluoroquinolone resistance in humans in Denmark is much
lower than the EU average of 60%.
7. Countries with no fluoroquinolone use in poultry have much lower levels of resistance in
human Campylobacter
Industry groups have tried to downplay the positive effect on resistance in humans from removing
fluoroquinolones in poultry. However, in reality those countries which have banned or have never used
fluoroquinolones in poultry have much lower levels of resistance in human Campylobacter infections than
those countries which continue to use the drugs in poultry.
We know of seven countries which do not use fluoroquinonlones in poultry: Australia, Denmark, Finland,
Iceland, Norway, Sweden and the United States. All of these countries have, by international standards, low
levels of fluoroquinolone resistance in human Campylobacter infections. See Table 3.
Table 3 Fluoroquinolone (ciprofloxacin) resistance in human Campylobacter in countries that
do not use fluoroquinolones in poultry [36][37][38][39][4][40][26]

Australia
Denmark
Finland
Iceland
Norway
Sweden
United States

2% ( isolates collected in 2001-2002)
35% (isolates collected in 2014)
11.6% (isolates collected in 2012)
6% (isolates collected in 2013)
29.7% (isolates collected in 2014)
14% (isolates collected in 2014)
22.3 % (isolates collected in 2013)

On the other hand, data from a recent EFSA/ECDC report provides resistance rates in humans in 13 EU
countries which use fluoroquinolones in poultry. See Table 2. On average, resistance was 60.2%, and all
countries had resistance rates above 50%, with five countries having a rate above 80%.
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Table 4 Fluoroquinolone (ciprofloxacin) resistance in human Campylobacter jejuni in 13
European countries in 2014 [4]

It is worth noting that the three countries with the highest reported resistance rate in humans in Table 4,
Lithuania (87.4%), Spain (87.4%) and Portugal (97.9%) all have particularly high usage of fluoroquinolones in
farming, using per Population Correction Unit (an EMA measure of the size of the total livestock population)
respectively 3.5, 4.8 and 7.3 times more than the UK does [43].
The UK did not provide data for this recent report, but in the report published in 2015, the British resistance
rate in human Campylobacter jejuni infections was reported at 46.9% [41] and recently obtained data from
Public Health England shows that resistance in England was 48% in 2015 [42]. This below-average resistance
rate is consistent with the UK’s below-average use of fluoroquinolones and other quinolone antibiotics in
farming compared with other EU countries (see [43]).
Unfortunately, data on fluoroquinolone use in poultry is not available in most countries (as data is not
broken down by species).
However, in 2012, the British Poultry Council (BPC) committed to voluntarily ceasing all preventative use of
fluoroquinolones in day-old chicks [44]. Furthermore, usage data voluntarily collected by the BPC since 2012
suggests that fluoroquinolone use in British chickens by BPC members has been cut to just 20kg in 2015, and
that total usage by BPC members, including usage in turkeys, ducks and geese, was half a tonne [45] (BPC
membership includes approximately 90% of poultry meat produced in the UK from chickens, turkeys, ducks
and geese, but does not cover the other 10% or egg producers or game birds).
This usage level, particularly in chickens, is likely to be significantly lower than in most EU countries, which is
consistent with the UK having one of the lowest, and perhaps the lowest resistance rate in human
Campylobacter infections of all countries which use the antibiotics in poultry.
However, the resistance rate in the UK is still significantly higher than in countries that do not use
fluoroquinolones in poultry [46]. See Graph 7.
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Graph 7 Fluoroquinolone resistance in human Campylobacter jejuni infections

It is worth noting that the UK is the lowest user of fluoroquinolone antibiotics in human medicine in Europe,
see Graph 8. Even countries like Finland and Sweden consume significantly more fluoroquinolones in human
medicine than the UK does (94% and 49% more respectively in 2014), and yet have much lower levels of
fluoroquinolone resistance in Campylobacter infections in humans than the UK (12% for Finland, 14% for
Sweden), because they do not use the antibiotics in poultry.
Graph 8 Consumption of fluoroquinolones in human medicine in European countries in 2014
[47]

The comparison is particularly striking when we compare human antibiotic consumption in the US with
consumption in the UK. The only data we have available for the US is for all quinolone consumption
(fluoroquinolones are quinolones, but not all quinolones are fluoroquinolones) for 2010. There is a large
amount of cross-resistance between fluoroquinolones and other quinolones, large differences in quinolone
consumption in human medicine should be having an impact on fluoroquinolone resistance if it is primarily
human antibiotic use which influences resistance levels. Graph 9 includes as many countries as possible that
we have resistance data for (see Graph 7). We can see that the US is a very high consumer of quinolones in
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human medicine, and consumes more than three times per person what the UK consumes, yet it has much
lower resistance levels in human Campylobacter infections.
Graph 9 Consumption of quinolone antibiotics in human medicine in 2010 with US data
compared with European countries [48]

8. NFU’s invalid criticism of graph showing that fluoroquinolone resistance in human Salmonella
infections is linked to farm antibiotic use
As mentioned above in Section 2, the introduction of fluoroquinolones to farming in 1993 in the UK led to a
subsequent emergence of fluoroquinolone resistance in Salmonella Typhimurium DT104 in humans and farm
animals. Salmonella typhiumurium DT104 was a widespread strain of Salmonella, which was frequently
multi-resistant (meaning resistant to three or more families of antibiotics), but which had been
fluoroquinolone sensitive in both humans and farm animals prior to 1993.
This data was collected by the PHLS and widely quoted, including by the WHO and the ECDC [11][3][11], as
evidence that the use of fluoroquinolones in farming was likely to be having an impact on resistance levels in
human medicine and, as mentioned in Section 2, it even motivated the FDA to put an end to licensing new
fluoroquinolone products for poultry and to investigate the situation further.
However, in 2012, the NFU published a document which claimed that the graph was essentially misleading
because it did not include earlier years [49]. According to the NFU, had earlier years been included, it would
have shown that Salmonella typhimurium DT104 was increasing before fluoroquinolones were licensed in
1993, and that resistant strains occurred before DT104. The NFU published the two graphs below (see Graph
10) and said that the WHO graph only covered the period between the two red lines in the second graph.
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Graph 10 NFU graph purporting to show that WHO graph was misleading

The reason the NFU’s objection is wrong is that it is confusing fluoroquinolone-resistant Salmonella with
multi-resistant Salmonella. Multi-resistant Salmonella are Salmonella which are resistant to at least three or
four antibiotics from different antibiotic families (e.g. tetracyclines, ampicillin, streptomycin, trimethoprim),
but multi-resistant does not necessarily mean resistant to any fluoroquinolones. It is true that the
Salmonella typhimurium DT104 epidemic began before the introduction of fluoroquinolones to farming, and
it is also true that there had previously been epidemics of other multi-resistant strains of Salmonella, but
these Salmonellae were not fluoroquinolone resistant.
The NFUs second graph simply shows the rise and fall of several strains of multi-resistant Salmonella, but is
not a depiction of fluoroquinolone resistance. The first WHO graph shows that fluoroquinolone resistance in
the then widespread strain DT104 only began after fluoroquinolones were introduced to farming.
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9. Recommendations
Fluoroquinolones are critically important antibiotics in human medicine which are used for treating severe
and invasive infections. Their use in all farm animals, not just poultry, should therefore be kept to an
absolute minimum.
In addition to their current use for mass medication in poultry, fluoroquinolones can be commonly used in
cattle and pigs for controlling diseases like diarrhoea [50] which are frequently caused by inappropriately
early weaning or stressful husbandry conditions. Overuse in other farm-animal species can also contribute to
higher levels of resistance in human Salmonella, E. coli, and Campylobacter infections [10][11].
Fluoroquinolones should not be used as a production tool, but only as life-saving antibiotics for treating
individual animals. Fluoroquinolones should therefore:
-

be banned for all mass medication
be restricted to use in individual sick animals. Fluoroquinolones should not be used preventatively,
even in individual animals.
be restricted to use in situations where sensitivity testing, or knowledge of recent sensitivity testing
results, indicates that non-critically important antibiotics are unlikely to work
be restricted to on-label use, ie. only used in species where the antibiotics are licensed.
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