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ABSTRACT

The antimicrobial resistance data among zoonotic and indicator bacteria in 2011, submitted by 26 European
Union Member States, were jointly analysed by the European Food Safety Authority and the European Centre
for Disease Prevention and Control. Data covered resistance in zoonotic Salmonella and Campylobacter isolates
from humans, food and animals, and in indicator Escherichia coli and enterococci isolates from animals and
food. Data on methicillin-resistant Staphylococcus aureus in animals and food were also presented. Resistance in
isolates from humans were mainly interpreted using clinical breakpoints, while animal and food isolate
resistance was interpreted using epidemiological cut-off values. Resistance was commonly found in isolates
from humans, animals and food, although disparities in resistance were frequently observed between Member
States. High resistance levels were recorded to ampicillin, tetracyclines and sulfonamides in Salmonella isolates
from humans, while resistance to third-generation cephalosporins and fluoroquinolones remained low. In
Salmonella and indicator Escherichia coli isolates from fowl, pigs, cattle and meat thereof, resistance to
ampicillin, tetracyclines and sulfonamides was also commonly detected, while resistance to third-generation
cephalosporins was low. Moderate to high resistance to (fluoro)quinolones was observed in Salmonella isolates
from turkeys, fowl and broiler meat. In Campylobacter isolates from human cases, resistance to ampicillin,
ciprofloxacin, nalidixic acid and tetracyclines was high, while resistance to erythromycin was low to moderate.
High resistance to ciprofloxacin, nalidixic acid and tetracyclines was observed in Campylobacter isolates from
fowl, broiler meat, pigs and cattle, whereas much lower levels were observed for erythromycin and gentamicin.
Among the indicator enterococci isolates from animals and food, resistance to tetracyclines and erythromycin
was commonly detected. The report also presents for the first time results on multi-resistance and co-resistance
to critically important antimicrobials in both human and animal isolates. Very few isolates from animals were
co-resistant to critically important antimicrobials.
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About EFSA

The European Food Safety Authority (EFSA), located in Parma, Italy, was established and funded by the
European Union (EU) as an independent agency in 2002 following a series of food scares that caused the
European public to voice concerns about food safety and the ability of regulatory authorities to protect
consumers. EFSA provides objective scientific advice on all matters, in close collaboration with national
authorities and in open consultation with its stakeholders, with a direct or indirect impact on food and feed
safety, including animal health and welfare and plant protection. EFSA is also consulted on nutrition in
relation to EU legislation. EFSA’s work falls into two areas: risk assessment and risk communication. In
particular, EFSA’s risk assessments provide risk managers (EU institutions with political accountability, i.e.
the European Commission, the European Parliament and the Council) with a sound scientific basis for
defining policy-driven legislative or regulatory measures required to ensure a high level of consumer
protection with regard to food and feed safety. EFSA communicates to the public in an open and transparent
way on all matters within its remit. Collection and analysis of scientific data, identification of emerging risks
and scientific support to the Commission, particularly in the case of a food crisis, are also part of EFSA’s
mandate, as laid down in the founding Regulation (EC) No 178/2002° of 28 January 2002.

About ECDC

The European Centre for Disease Prevention and Control (ECDC), an EU agency based in Stockholm,
Sweden, was established in 2005. The objective of ECDC is to strengthen Europe’s defences against
infectious diseases. According to Article 3 of the founding Regulation (EC) No 851/2004° of 21 April 2004,
ECDC’s mission is to identify, assess and communicate current and emerging threats to human health
posed by infectious diseases. In order to achieve this mission, ECDC works in partnership with national
public health bodies across Europe to strengthen and develop EU-wide disease surveillance and early
warning systems. By working with experts throughout Europe, ECDC pools Europe’s knowledge in health so
as to develop authoritative scientific opinions about the risks posed by current and emerging infectious
diseases.

About the report

Based on Article 33 in the Regulation (EC) 178/2002, EFSA’s Zoonoses Unit is responsible for examining
data on zoonoses, antimicrobial resistance and food-borne outbreaks collected from the Member States in
accordance with Directive 2003/99/EC® and for preparing the European Union Summary Report from the
results. Regarding antimicrobial resistance data from 2011, this European Union Summary Report was
produced in collaboration with ECDC and the Animal Health and Veterinary Laboratories Agency (AHVLA),
United Kingdom and the University of Hasselt in Belgium, contracted by EFSA.
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Summary

Zoonoses are infections and diseases that are transmissible between animals and humans. Infection can be
acquired directly from animals, or through the ingestion of contaminated foodstuffs. The severity of these
diseases in humans can vary from mild symptoms to life-threatening conditions. The zoonotic bacteria that
are resistant to antimicrobials are of special concern since they might compromise the effective treatment of
infections in humans. In order to follow the occurrence of antimicrobial resistance in zoonotic bacteria
isolated from animals and food in the European Union, information is collected and analysed from the
European Union Member States.

In 2011, 26 Member States submitted information on the occurrence of antimicrobial resistance in zoonotic
bacteria to the European Commission and the European Food Safety Authority, and 21 Member States
submitted information to the European Centre for Disease Prevention and Control. In addition, three other
European countries provided information. Assisted by its contractors, the Animal Health and Veterinary
Laboratories Agency in the United Kingdom and the University of Hasselt in Belgium, the European Food
Safety Authority and the European Centre for Disease Prevention and Control analysed the data, the results
of which are published in this European Union Summary Report on antimicrobial resistance. Information on
resistance was reported regarding Salmonella and Campylobacter isolates from human cases, food and
animals, whereas data on indicator Escherichia coli and indicator enterococci isolates related only to animals
and food. Information was reported by some Member States on the occurrence of methicillin-resistant
Staphylococcus aureus in animals and food; the antimicrobial susceptibility of methicillin-resistant
Staphylococcus aureus isolates was additionally reported by two countries. Data on antimicrobial resistance
in isolates from human cases were mainly interpreted by using clinical breakpoints, while the quantitative
data on antimicrobial resistance in isolates from food and animals were interpreted using harmonised
epidemiological cut-off values that detect microbiological resistance.

The reporting of antimicrobial resistance data at isolate-based level by an important number of Member
States has allowed the first analysis at the European Union level of multi-resistance and co-resistance
patterns to critically important antimicrobials in both human and animal isolates, which is a new feature of the
present report. Also, for certain bacterial species, antimicrobial resistance data could be analysed at the
production-type level, such as broilers and laying hens of Gallus gallus, which allows the analysis of the data
to be fine-tuned.

Antimicrobial resistance was commonly detected in isolates of Salmonella and Campylobacter from human
cases as well as from food-producing animals and food in the European Union. This was also the case for
indicator (commensal) Escherichia coli and enterococci isolated from animals and food. For many of the
antimicrobials, the levels of resistance varied greatly between different Member States.

In the European Union, the occurrence of resistance in Salmonella isolates from cases of salmonellosis in
humans was high for ampicillin, tetracyclines and sulfonamides and moderate for nalidixic acid and
streptomycin, with high levels of multi-drug resistance observed in some countries. However, resistance to
the critically important antimicrobials for human medicine, cefotaxime (a third-generation cephalosporin) and
ciprofloxacin (a fluoroquinolone), was relatively low, although for ciprofloxacin reported resistance levels
were higher in countries where epidemiological cut-off values were used as the interpretive criteria. Co-
resistance to ciprofloxacin and cefotaxime among Salmonella isolates was low. The resistance levels also
differed substantially between serovars, with higher resistance to ciprofloxacin and nalidixic acid observed in
Salmonella Enteritidis than in Salmonella Typhimurium and the opposite for the other antimicrobials. There
was a high level of resistance to ampicillin, ciprofloxacin, nalidixic acid and tetracyclines among
Campylobacter isolates from human cases, with high and very high levels of multi-drug resistance observed
in some countries. However, relatively low resistance was recorded to erythromycin, which is the clinically
most important antimicrobial for treatment of campylobacteriosis in humans. In addition, co-resistance to
ciprofloxacin and erythromycin was low among Campylobacter jejuni isolates.

The high proportions of Salmonella, Campylobacter and indicator Escherichia coli isolates exhibiting
resistance to fluoroquinolones (ciprofloxacin) remain of concern. In Salmonella spp. isolates of food and
animal origin, the highest occurrence of resistance to ciprofloxacin was noted in turkeys, fowl (Gallus gallus)
and broiler meat, where the proportion of resistant isolates varied between 29 % and 50 % in the reporting
Member State group. Ciprofloxacin resistance was recorded more often in broilers than in laying hens. Three
Member States demonstrated a significant increasing trend for ciprofloxacin and nalidixic acid resistance and
one a decreasing trend for both antimicrobials in Salmonella species from Gallus gallus over the period 2005
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to 2011. Considering the indicator Escherichia coli isolates, the levels of ciprofloxacin resistance observed in
isolates from broilers and pigs were 53.1 % and 8.3 %, respectively. Furthermore, high to extremely high
resistance to fluoroquinolones was commonly observed in Campylobacter isolates from Gallus gallus and
broiler meat, as well as from pigs and cattle, at levels ranging from 36 % to 78 %.

Resistance to the third-generation cephalosporin cefotaxime was observed in Salmonella isolates from
Gallus gallus, turkeys, pigs, cattle and meat derived from broilers, at very low or low levels varying between
0% and 3 %, as well as in indicator Escherichia coli isolates from Gallus gallus, pigs and cattle at levels
ranging from <1 % to 6.4 %. Resistance to erythromycin was detected in Campylobacter isolates from
Gallus gallus, poultry meat and pigs at levels of 2 % to 25 %.

Among Salmonella isolates from meat and animals, resistance to tetracyclines, ampicillin and sulfonamides
was reported at levels of 7 % to 61 % and it was higher in isolates from pigs and turkeys than in those from
broilers, laying hens and cattle. Resistance to ciprofloxacin and nalidixic acid was higher in Salmonella
isolates from broilers and turkeys (33-50 %) than it was in isolates from laying hens, pigs or cattle (1-13 %).
In isolates of Campylobacter from meat and animals, resistance was commonly detected to tetracyclines at
levels up to 75 %, whereas much lower resistance was reported to gentamicin (levels lower than 7 %).

Among indicator Escherichia coli from broilers and pigs, resistance to tetracyclines, ampicillin and
sulfonamides was commonly reported at levels of 37 % to 57 %, resistance levels being lower in laying hens
(14 % to 18 %). In the case of cattle, levels of resistance to these antimicrobials fell within the range 20 % to
74 % in younger age groups, mainly fattening veal calves, but values were much lower in older cattle, mainly
adult cows. In general, resistance levels were lower among isolates from cattle and layers than in isolates
from broilers and pigs.

Among indicator enterococci, resistance to tetracyclines and erythromycin was common in isolates from
Gallus gallus, pigs and cattle at levels of 23 % to 79 %, the resistance being the lowest for isolates from
cattle. Resistance to vancomycin continued to be detected, albeit at very low levels (maximum 0.7 %), in
enterococcal isolates from animals.

Multi-resistance (reduced susceptibility to at least three antimicrobial classes according to epidemiological
cut-off values) was high in Salmonella isolates from broilers, turkeys and pigs and in indicator
Escherichia coli isolates from broilers and pigs in those countries reporting isolate-based data. However, co-
resistance to the clinically important antimicrobials ciprofloxacin and cefotaxime was detected in very few
isolates of Salmonella species and indicator Escherichia coli. Multi-resistance was generally low in
Campylobacter jejuni isolates from broilers, and co-resistance to ciprofloxacin and erythromycin was either
not detected or recorded at low levels.

Several statistically significant national trends in resistance levels in isolates from animals and food were
observed. Among Salmonella isolates more decreasing than increasing trends were found, whereas, in the
case of Campylobacter, the statistically significant national trends were mostly increasing.
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1. INTRODUCTION

The antimicrobial agents used in food-producing animals in Europe are frequently the same, or belong to the
same classes, as those used in human medicine. Antimicrobial resistance is the main undesirable side effect
of antimicrobial use in both humans and animals and results from the continuous positive selection of
resistant bacterial clones, whether these are pathogenic, commensal or even environmental bacteria. This
will modify the population structure of microbial communities, leading to accelerated evolutionary trends with
unpredictable consequences for human health. The use of antimicrobials can differ in humans and food-
producing animals, in terms of both the methods of administration and the quantities administered; there are
important variations between and within food-producing animal species, as well as between countries.

Bacterial resistance to antimicrobials occurring in food-producing animals can spread to people not only via
food-borne routes but also by routes such as water or environmental contamination as well as through direct
animal contact. Campylobacter, Salmonella and some strains of Escherichia coli (E. coli) are examples of
zoonotic bacteria which can infect people by the food-borne route. Infections with bacteria which are
resistant to antimicrobials may result in treatment failures or necessitate the use of second-line antimicrobials
for therapy. The commensal bacterial flora can also form a reservoir of resistance genes which may transfer
between bacterial species, including transference to organisms capable of causing disease in both humans
and animals (EFSA, 2008a).

The monitoring of antimicrobial resistance in zoonotic and commensal bacteria in food-producing animals
and food thereof is a prerequisite for understanding the development and diffusion of resistance, providing
relevant risk assessment data, and evaluating targeted interventions. Resistance monitoring entails specific
and continuous data collection, analysis and reporting that quantitatively follow temporal trends in the
occurrence and distribution of resistance to antimicrobials, and should also allow the identification of
emerging or specific patterns of resistance.

1.1. AMR monitoring and reporting at EU level

According to Directive 2003/99/EC on the monitoring of zoonoses and zoonotic agents, Member States
(MSs) are obliged to monitor and report antimicrobial resistance in Salmonella and Campylobacter isolates
from animals and food. In addition, Commission Decision 2007/407/EC’ lays down detailed requirements on
the harmonised monitoring and reporting of antimicrobial resistance of Salmonella isolates from various
poultry populations and pigs, sampled under the corresponding national control and monitoring programmes
of Salmonella. The monitoring and reporting of antimicrobial resistance data from the indicator organisms
E. coli and enterococci is voluntary.

Decision 2119/98/EC® on setting up a network for the epidemiological surveillance and control of
communicable diseases in the EU, as complemented by Decision 2000/96/EC° with amendment
2003/542/EC™ on the diseases to be progressively covered by the network, established the basis for data
collection on human diseases from MSs. The decisions foresee that data from the networks shall be used in
the EU Summary Reports. Consequently, the European Centre for Disease Prevention and Control (ECDC)
has provided data on zoonotic infections in humans, as well as their analyses, for the Community Summary
Reports since 2005. Starting in 2007, data on human cases have been reported from The European
Surveillance System (TESSy), maintained by ECDC.

This EU Summary Report 2011 includes data related to the occurrence of antimicrobial resistance both in
isolates from animals and foodstuffs, collected in the framework of Directive 2003/99/EC, and in isolates from
human cases, derived from the networks under Decision 2119/98/EC. This report is a joint collaboration
between the European Food Safety Authority (EFSA) and ECDC with the assistance of EFSA’s contractors,
the Animal Health and Veterinary Laboratories Agency (AHVLA) in the United Kingdom and the University of

Decision 2007/407/EC: Commission Decision of 12 June 2007 on a harmonised monitoring of antimicrobial resistance in Salmonella
in poultry and pigs. OJ L153, 14.6.2007, pp. 26—29.

Decision 2119/98/EC of the European Parliament and of the Council of 24 September 1998 setting up a network for the
epidemiological surveillance and control of communicable diseases in the Community. OJ L268, 3.10.1998, pp. 1-7.

Decision 2000/96/EC on communicable diseases to be progressively covered by the Community network under Decision
No 2119/98/EC of the European Parliament and of the Council. OJ L180, 11.7.2009, pp. 22-23.

1% Decision 2003/542/EC Commission Decision of 17 July 2003 amending Decision 2000/96/EC as regards the operation of dedicated
surveillance networks. OJ L185, 24.7.2003, pp. 55-58.
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Hasselt in Belgium. MSs, other reporting countries, the European Commission (EC) and the relevant
European Union Reference Laboratories (EU-RL) were consulted while preparing the report. The efforts
made by MSs, the reporting non-MSs as well as by the EC in the reporting of zoonoses data and in the
preparation of this report are gratefully acknowledged.

The main issues when comparing antimicrobial resistance data originating from different countries are the
use of different laboratory methods and different interpretative criteria of resistance. These issues have been
addressed by the development of the EFSA’s guidelines for harmonised monitoring and reporting of
resistance in food-producing animals and food thereof. The resistance monitoring performed under these
guidelines utilises epidemiological cut-off values (ECOFFs) which separate the naive, susceptible wild-type
bacterial populations from isolates that have developed reduced susceptibility to a given antimicrobial agent
(Kahlmeter et al., 2003). The ECOFFs may differ from breakpoints used for clinical purposes, which are
defined against a background of clinically relevant data, including therapeutic indication, clinical response
data, dosing schedules, pharmacokinetics and pharmacodynamics. In the EU Summary Reports on
antimicrobial resistance from 2004 to 2010, ECOFFs were applied to minimum inhibitory concentration (MIC)
data to define resistant Salmonella, Campylobacter, indicator E. coli and indicator enterococci isolates from
animals and food. The use of harmonised methods and ECOFFs ensured the comparability of data over time
at country level and also facilitated the comparison of the occurrence of resistance between MSs. The same
methods and principles have been applied in this 2011 Summary Report on antimicrobial resistance.

The antimicrobial susceptibility data reported to EFSA for the year 2011 for Campylobacter, Salmonella,
indicator E. coli and indicator enterococci isolates from animals and food were analysed and all quantitative
data were interpreted using ECOFFs. This report also includes results of phenotypic monitoring of resistance
caused by extended-spectrum beta-lactamases (ESBLs) in Salmonella and indicator E. coli, conferring
resistance to third-generation cephalosporins, as well as the first investigation at the EU level of the
occurrence of complete susceptibility and multi-resistance in data reported at isolate level. A list of the
antimicrobials included in this evaluation of multi-resistance can be found in Chapter 11-Materials and
methods. The majority of antimicrobial resistance data reported to EFSA by MSs comprised data collected in
accordance with EFSA’s monitoring guidelines; quantitative disc diffusion data constituted only a small
percentage of the total data and were analysed in the report as qualitative data only. This has circumvented
the problem that ECOFFs are not available for the different disc diffusion methods used by MSs.

The report also encompasses resistance in Salmonella and Campylobacter isolates from human cases of
salmonellosis and campylobacteriosis, respectively. These data were reported as qualitative data, mostly
interpreted using clinical breakpoints, by MSs to TESSy. An important general feature of this report is that
human data are largely based on susceptibility testing of clinical isolates, whereas animal data are based
mainly on the testing of isolates from healthy animals, where testing has been performed in accordance with
EFSA’s recommendations. The data on zoonotic bacteria from humans have largely been collated and
collected using clinical breakpoints. Such data are therefore not always directly comparable with data from
food-producing animals and food, which have been analysed using ECOFFs. Indeed, the use of ECOFFs in
animal and food isolates generally conveys the picture of ‘microbiological resistance’ levels in these isolates
higher than ‘clinical resistance’ levels recorded in human isolates, where clinical breakpoints have been
used. These issues are discussed further in the chapters on Campylobacter and Salmonella. Universal
adoption and understanding of the distinction between clinical breakpoints and ECOFFs would enable
clinicians to choose the appropriate treatment based on information relevant to the individual patient, yet
would recognise that epidemiologists need to be aware of small changes in bacterial susceptibility, which
may indicate emerging resistance and allow for appropriate control measures to be considered. ECOFFs,
clinical breakpoints and related concepts regarding antimicrobial resistance/susceptibility are presented in
detail hereafter.
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1.2. Epidemiological cut-off values and clinical breakpoints

The European Committee on Antimicrobial Susceptibility Testing (EUCAST) has defined clinical breakpoints
and epidemiological cut-off values. A micro-organism is defined as clinically resistant when the degree of
resistance shown is associated with a high likelihood of therapeutic failure. The micro-organism is
categorised as resistant by applying the appropriate clinical breakpoint in a defined phenotypic test system,
and this breakpoint may alter with legitimate changes in circumstances (for example, alterations in dosing
regime, drug formulation, patient factors).

A micro-organism is defined as wild-type for a bacterial species when no acquired or mutational resistance
mechanisms are present to the antimicrobial in question. A micro-organism is categorised as wild-type for a
given bacterial species by applying the appropriate ECOFF value in a defined phenotypic test system. This
cut-off value will not be altered by changing circumstances (such as alterations in frequency of antimicrobial
administration). Wild-type micro-organisms may or may not respond clinically to antimicrobial treatment. A
micro-organism is defined as non-wild-type for a given bacterial species by the presence of an acquired or
mutational resistance mechanism to the antimicrobial in question. A micro-organism is categorised as non-
wild-type for a given bacterial species by applying the appropriate ECOFF value in a defined phenotypic test
system; non-wild-type organisms are considered to show ‘microbiological resistance’ (as opposed to ‘clinical
resistance’). Clinical breakpoints and ECOFFs may be the same, although it is often the case that the
ECOFF is lower than the clinical breakpoint.

Comparative advantages and disadvantages of the use of clinical breakpoints versus ECOFFs (see box
hereafter) have been taken into account in the detailed specifications for harmonised monitoring schemes on
antimicrobial resistance in animals and food devised by EFSA. These guidelines have been published
(EFSA, 2007, 2008a) and the terminology used is that devised by EUCAST (Kahlmeter et al., 2003). As far
as possible, ECOFFs have been used in this report, as recommended in the guidelines, to determine non-
wild-type organisms also termed ‘microbiologically resistant’ organisms, and to ensure that results from
different MSs are comparable. Hereafter in this report, ‘microbiologically antimicrobial-resistant’ organisms
are referred to as ‘resistant’ for brevity.

CLINICAL BREAKPOINTS (CLINICAL RESISTANCE)

The clinician, or veterinarian, choosing an antimicrobial agent to treat humans or animals with a bacterial
infection requires information that the antimicrobial selected is effective against the bacterial pathogen.
Such information will be used, together with clinical details such as the site of infection, ability of the
antimicrobial to reach the site of infection, formulations available and dosage regimes, when determining
an appropriate therapeutic course of action. The in vitro susceptibility of the bacterial pathogen can be
determined and clinical breakpoints used to ascertain whether the organism is likely to respond to
treatment. Clinical breakpoints will take into account the clinical behaviour of the drug following
administration and assume that a clinical response will be obtained if the drug is given as recommended
and there are no other adverse factors which affect the outcome. Conversely, if the clinical breakpoint
indicates resistance, then it is likely that treatment will be unsuccessful. Frequency of dosing is one
factor that can affect the antimicrobial concentration achieved at the site of infection. Therefore, different
dosing regimes can lead to the development of different clinical breakpoints, as occurs in some countries
for certain antimicrobials where different therapeutic regimes are in place. Although the rationale for the
selection of different clinical breakpoints may be clear, their use makes the interpretation of results from
different countries in reports of this type problematic, as the results are not directly comparable between
those different countries.
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EPIDEMIOLOGICAL CUT-OFF VALUES (MICROBIOLOGICAL RESISTANCE)

For a given bacterial species, the pattern of the Minimum inhibitory concentration (MIC) distribution or the
inhibition zone diameter distribution (i.e. the frequency of occurrence of each given MIC or zone diameter
plotted against the MIC value or zone diameter obtained) can enable the separation of the wild-type
population of micro-organisms from those populations which show a degree of resistance. The wild-type
susceptible population is assumed to have no acquired or mutational resistance and commonly shows a
normal distribution.

When bacteria acquire resistance by a clearly defined and efficacious mechanism, such as the
acquisition of a plasmid bearing a gene which produces an enzyme capable of destroying the
antimicrobial, then the MIC or zone diameter distribution commonly shows two major sub-populations,
one a fully susceptible normal distribution of isolates and the other a fully resistant population which has
acquired the resistance mechanism. Resistance may be achieved by a series of small steps, such as
changes in the permeability of the bacterial cell wall to the antimicrobial or other mechanisms which
confer a degree of resistance. In this case, there may be populations of organisms which occur lying
between the fully susceptible population and more resistant populations. The epidemiological cut-off
value indicates the MIC or zone diameter above which the pathogen has some detectable reduction in
susceptibility. Epidemiological cut-off values are derived by testing an adequate number of isolates to
ensure that the wild-type population can be confidently identified for a given antimicrobial. The clinical
breakpoint, which is set to determine the therapeutic effectiveness of the antimicrobial, may fail to detect
emergent resistance. Conversely, the epidemiological cut-off value detects any deviation in susceptibility
from the wild-type population, although it may not be appropriate for determining the likelihood of
success or failure for clinical treatment.

The EUCAST ECOFFs which should be applied to interpret the results obtained by MSs are quoted in
Commission Decision 2007/407/EC. However, since this Decision was adopted, there have been some
minor changes to a few of the ECOFFs for some antimicrobials. This occurs because, as more data are
collected relating to more bacterial isolates, the normal distribution of the wild-type population can in some
cases be better defined. This 2011 EU Summary Report interprets the antimicrobial resistance data in
accordance with the current Decision. The Decision is currently undergoing review by the EC, notably on the
basis of the technical specifications proposed for harmonised monitoring of antimicrobial resistance in
animals and food recently issued by the EFSA (EFSA 2012a, b, c), and the expected revision in the future
will update a number of the ECOFFs to be used.
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1.3. Developments in the harmonised monitoring of antimicrobial resistance

The EFSA, at the request of the EC, has prepared detailed specifications for the harmonised monitoring of
antimicrobial resistance in food-producing animals. These were developed by an expert working group,
established under the Task Force on Zoonoses Data Collection, which recommended guidelines for the
monitoring of antimicrobial resistance in Salmonella and Campylobacter (EFSA, 2007) and also in indicator
E. coli and enterococci'! (EFSA, 2008a). These guidelines include detailed protocols on sampling strategies,
the method of susceptibility testing, the antimicrobials to be tested and the criteria for categorising isolates as
susceptible or resistant, as well as making recommendations on quality control and reporting. The guidelines
have been developed for use in all 27 EU MSs and have been progressively implemented. Information
collected using these guidelines has formed the majority of the data on antimicrobial resistance in bacteria
from animals and food published in previous reports.

The EFSA, at the further request of the EC, has reviewed and revised the detailed specifications for the
harmonised monitoring of antimicrobial resistance in food-producing animals in 2012, again assembling an
expert working group to carry out the tasks. The working group also focused on refining and developing the
monitoring of multiple antimicrobial resistance (which has been facilitated by the collection of data which can
be related to an individual isolate), while two further working groups have produced recommendations
describing in detail the detection and characterisation of beta-lactamase and carbapenemase resistance and
the monitoring of MRSA. Three reports have been produced (EFSA 20123, b, c) (see box below).

DEVELOPMENTS IN THE MONITORING OF ANTIMICROBIAL RESISTANCE

EFSA has published three reports (EFSA, 2012a, b, c) describing proposals and aims for developing and
enhancing the future monitoring of antimicrobial resistance. A brief synopsis of these reports is presented
below.

TECHNICAL SPECIFICATIONS FOR THE ANALYSIS AND REPORTING OF DATA ON ANTIMICROBIAL
RESISTANCE IN THE EUROPEAN UNION SUMMARY REPORT (EFSA, 2012a)

This report describes proposals to improve the harmonisation, analysis and reporting of data on
antimicrobial resistance in animals and food collected from the MSs, based on a critical review of the
EU Summary Reports which have been previously issued. It reinforces the use of epidemiological cut-off
values in the monitoring programmes and makes proposals to complement the harmonised panel of
antimicrobials used for susceptibility testing. A logistic regression modelling approach is recommended to
assess trend significance, and this has been adopted in the current report. It suggests that weighted
indicators of resistance should be designed at EU level, accounting for prevalence of bacteria, occurrence
of resistance and monitoring design at national level. It considers it essential that resistance data should
no longer be reported in an aggregate fashion but at isolate level in order to address the phenomenon of
multi-resistance. It provides a definition and an approach to the analysis of multi-resistance as well as a list
of important co-resistance patterns.

E. coli and enterococci (i.e. Enterococcus faecium and E. faecalis) can be used as indicator organisms of, respectively, the Gram-
negative and Gram-positive commensal intestinal flora. These three bacteria are commonly isolated from animal faeces; and most
resistance phenotypes present in the animal populations are present in these species. In addition, the effects of use patterns of
antibiotics in a given country and animal species, as well as trends in the occurrence of resistance, can be studied more accurately in
indicator organisms than in food-borne pathogens because all food animals generally carry these indicator bacteria.
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TECHNICAL SPECIFICATIONS ON THE HARMONISED MONITORING AND REPORTING OF ANTIMICROBIAL
RESISTANCE IN SALMONELLA, CAMPYLOBACTER AND INDICATOR ESCHERICHIA COLI AND
ENTEROCOCCUS SPP. BACTERIA TRANSMITTED THROUGH FOOD (EFSA, 2012b)

These recommendations introduce the concept of a threshold for animal populations and meat derived
therefrom, to determine whether monitoring of those populations and the meat produced from them
should be mandatory or optional. The volume of production will affect the degree of exposure of
consumers and the threshold attempts to prioritise the types of production which should be monitored,
based on consumer exposure. The antimicrobials for inclusion in the monitoring programme have been
broadened to include additional substances which either are important from the public health perspective
or provide additional information for epidemiological purposes, for example providing an insight into
resistance mechanisms involved. Thus, carbapenems are extremely important antimicrobials in human
medicine and constitute one of the antimicrobial options of last resort in certain multi-drug-resistant
bacterial infections. A carbapenem has been included in the recommended monitoring programme,
which is tiered, so that resources can be targeted cost-effectively. Analytical methods are suggested for
the characterisation of Salmonella and E. coli isolates which are resistant to third-generation
cephalosporins, in particular to distinguish between ESBL and AmpC enzyme-producing organisms, on
both phenotypic and molecular grounds. The recommendations also suggest protocols for the specific
monitoring of ESBL-producing E. coli using selective procedures, rather than utilising randomly selected
E. coli from non-selective culture plates. The recommendations include the inclusion of teicoplanin in the
monitoring of enterococci, since the genotype relating to glycopeptide resistance may be inferred from
the susceptibility to vancomycin and teicoplanin. The dilution range for ciprofloxacin is deliberately
recommended to be wide, since multiple resistance mechanisms can contribute to fluoroquinolone
resistance and these mechanisms may be acquired in a step-wise fashion. The recent emergence of
Salmonella Kentucky with high-level resistance to ciprofloxacin (above or equal to 8 mg/L) illustrates the
value of this recommended measure.

TECHNICAL SPECIFICATIONS ON THE HARMONISED MONITORING AND REPORTING OF ANTIMICROBIAL
RESISTANCE IN METHICILLIN-RESISTANT STAPHYLOCOCCUS AUREUS (EFSA, 2012c)

This report contains proposals to improve the harmonisation of monitoring of the prevalence, genetic
diversity and antimicrobial resistance of methicillin-resistant Staphylococcus aureus (MRSA) from food-
producing animals and food derived from those animals by the EU MSs. The primary route of zoonotic
transmission of MRSA is considered to be the occupational contact of livestock professionals with
colonised animals; the role of food as a source of human colonisation or infection with MRSA is presently
considered to be low. The sampling recommendations therefore prioritise food-producing animal
populations previously described as reservoirs of MRSA and to a lesser extent meat produced from
these animals. Monitoring of broiler flocks, fattening pigs and dairy cattle, as well as fattening veal calves
and fattening turkey flocks in those countries where the domestic production exceeds 10,000,000 tons
slaughtered/year is recommended every third year on a rotating basis. It is proposed that breeding
poultry flocks and breeding pigs, as well as meat and raw milk products, should be monitored on a
voluntary basis. The report puts forward cost-effective methods whereby MRSA monitoring could be
carried out at the same time as other monitoring (for example the National Salmonella Control
Programmes) and describes harmonised analytical methods for the identification, typing and further
characterisation of MRSA. The use of a microdilution method applied to a harmonised set of
antimicrobials and interpreted using EUCAST epidemiological cut-off values for antimicrobial
susceptibility testing of MRSA is recommended. Full support is given to the collection and reporting of
isolate-based data, in order to enable more in-depth analyses to be conducted, in particular regarding the
occurrence of multi-resistance. Ongoing evolution and development of the situation relating to MRSA in
animals may occur and is exemplified by the recent description of MRSA ST49 in Switzerland (Overesch
et al., 2011) (see Chapter 8 for more information).
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2. MAIN FINDINGS
2.1. Main findings of the European Union Summary Report on antimicrobial resistance 2011

e In 2011, MSs reported qualitative data on antimicrobial resistance in Salmonella and Campylobacter
isolates from human cases mostly interpreted by using clinical breakpoints to define the resistant
isolates. In contrast, quantitative data (minimum inhibitory concentrations (MICs) and/or inhibition
zone diameter (1ZD) results) on antimicrobial resistance, reported for isolates from food and animals,
were interpreted by using epidemiological cut-off values. Epidemiological cut-off values are often
lower than clinical breakpoints, and this can result in more isolates being classified as resistant,
depending on the MIC distribution.

e Antimicrobial resistance was regularly observed in isolates of Salmonella and Campylobacter from
human cases as well as from food-producing animals and food in the EU. This was also the case for
indicator (commensal) Escherichia coli (E. coli) and enterococci isolated from animals and food. For
many of the antimicrobials, the levels of resistance varied greatly between different MSs and animal
production types.

e Fluoroquinolones, such as ciprofloxacin, and third-generation cephalosporins, such as cefotaxime,
are considered critically important antimicrobials in the treatment of severe salmonellosis in humans.
Likewise, fluoroquinolones and macrolides, such as erythromycin, are considered critically important
for treating severe Campylobacter infections. Therefore, special attention was paid to resistance
against these substances in the analyses of the data.

e Resistance at the EU level in Salmonella spp. isolates from human cases was high (between 20 %
and 30 %) to ampicillin, tetracyclines and sulfonamides. In contrast, resistance to the critically
important antimicrobials ciprofloxacin and cefotaxime was relatively low (on average <10 % and
<1 %, respectively). Higher resistance levels to ciprofloxacin were reported by the few countries
using epidemiological cut-off values as interpretative criteria in human data.

e Multi-resistance (defined as reduced susceptibility to at least three antimicrobial classes) was high in
human Salmonella isolates in some countries; however, there were low levels of co-resistance to
ciprofloxacin and cefotaxime. Furthermore, more than half of all Salmonella isolates were
susceptible to the complete range of antimicrobials tested.

¢ In food and animal isolates, the highest occurrence of resistance to ciprofloxacin was noted in
Salmonella spp. isolates from fowl (Gallus gallus), broiler meat and turkeys (from 28.7 % to 50.4 %
at the MS group level). The further sub-division of the Gallus gallus species into production types
revealed higher overall resistance to ciprofloxacin in Salmonella spp. isolates from broilers (35.1 %)
than in those from laying hens (12.7 %). In cattle, pigs and pig meat, low resistance levels were
observed (from 1.7 % to 7.4 %).

e Resistance to cefotaxime (a third-generation cephalosporin) was observed in Salmonella spp.
isolates from Gallus gallus, turkeys and pigs and in the meat derived from broilers and pigs, but at
low or very low levels (0.4 % to 3.3 %), when all reporting MSs were considered. However, even low
levels of resistance to this critically important antimicrobial are important, and increases in resistance
to cefotaxime compared with 2010 data were observed in some MSs. Resistance to cefotaxime was
not detected in Salmonella strains isolated from cattle in the reporting countries in 2011.

e Resistance to tetracyclines, ampicillin and sulfonamides was frequently reported among
Salmonella spp. isolates from meat and animals (from 7.1 % to 60.5% at MS group level).
Resistance to these antimicrobials was higher in isolates from pigs, turkeys and cattle (29.1 % to
60.5 %) than in isolates from Gallus gallus (17.8 % to 25.3 %).

e Multi-resistance (reduced susceptibility to at least three antimicrobial classes according to
epidemiological cut-off values) was high in Salmonella spp. isolates from animals in some countries
reporting isolate-based data; however, co-resistance to the clinically important antimicrobials,
ciprofloxacin and cefotaxime, was at very low to low levels.
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The resistance among Campylobacter spp. isolates from human cases was high to very high
(between 30 % and 50 %) for ampicillin, ciprofloxacin, nalidixic acid and tetracyclines. Low
resistance levels (average 3.5 %) were observed to the clinically important antimicrobial,
erythromycin. Multi-resistance in human Campylobacter isolates was high or very high in some
countries. Levels of co-resistance to the clinically important antimicrobials, ciprofloxacin and
erythromycin, were on average low among Campylobacter jejuni (C. jejuni) isolates and moderate
among Campylobacter coli (C. coli) isolates.

Extremely high resistance to ciprofloxacin (a fluoroquinolone) was commonly observed in C. coli
isolates from broilers (Gallus gallus) and broiler meat (76.6 % and 77.7 %, respectively), with
somewhat lower levels in C. jejuni (57.2 % and 59.2 %, respectively). High levels were also reported
for isolates from pigs and cattle (35.5 % to 38.8 %). Important differences were observed between
animal species and MSs.

Resistance to erythromycin was detected at low levels in Campylobacter isolates from broilers
(Gallus gallus) and poultry meat (1.6 % to 9.8%), except for C. coli in broilers, in which moderate
resistance was detected (15.5 %). The highest level of resistance to erythromycin at the reporting
MS group level was observed in C. coli isolates from pigs (24.5 %), while the level of erythromycin
resistance in isolates of C. jejuni from cattle across reporting MSs was very low (0.8 %).

Resistance to nalidixic acid and tetracyclines was common among Campylobacter isolates from
meat and animals (from 32.4 % to 74.6 %), whereas resistance to gentamicin was low (from 0.8 % to
7.2 %). As for Salmonella, levels of resistance to nalidixic acid followed closely those observed for
ciprofloxacin.

Multi-resistance (reduced susceptibility to at least three antimicrobial classes according to
epidemiological cut-off values) was generally low in C. jejuni isolates from broilers and meat thereof,
and co-resistance to the clinically important antimicrobials, ciprofloxacin and erythromycin, was, in
the same isolates, either not detected or recorded at low levels. Multi-resistance and co-resistance
levels were generally higher in C. coli isolates from broilers.

Among indicator (commensal) E. coli isolates from animals, resistance to tetracyclines, ampicillin,
streptomycin and sulfonamides was commonly reported in Gallus gallus and pigs (from 36.6 % to
57.0 %), moderate levels being reported in cattle (from to 13.3 % to 20.2 %). Resistance to
ciprofloxacin and nalidixic acid was highest among E. coli isolates from Gallus gallus (40.5 % and
33.7 %, respectively), while levels were low in pigs and cattle (4.8 % to 8.3 %). Cefotaxime
resistance was low in all species (0.9 % to 6.4 %), and highest in isolates from Gallus gallus (6.4 %),
considering all reporting MSs. At the MS level, resistance to cefotaxime in indicator E. coli showed
wider variation in some species or production types, for example between 0 % and 20.8 % in
broilers. In general, resistance to third-generation cephalosporins in E. coli was higher than that
observed in Salmonella spp. for the same species of animals, which is consistent with the hypothesis
that E. coli may provide a reservoir of cephalosporin resistance genes for organisms such as
Salmonella.

Multi-resistance was high in indicator (commensal) E. coli isolates from animals in some countries
reporting isolate-based data; however, co-resistance to the clinically important antimicrobials,
ciprofloxacin and cefotaxime, was generally reported at very low to low levels.

Among indicator (commensal) enterococci, resistance to tetracyclines and erythromycin remained
common in isolates from broilers (Gallus gallus), pigs and cattle (from 22.9 % to 78.9 %), with the
lowest levels of resistance occurring in isolates from cattle (22.9 % to 35.6 %). Vancomycin
resistance continued to be detected in some animal species, but at very low levels (0.4 % to 0.7 %),
although none of the meat samples tested yielded bacteria resistant to this antimicrobial.

Several statistically significant national trends in resistance levels in isolates from animals and food
were observed. Among Salmonella spp. isolates, more decreasing than increasing trends were
found, whereas, in Campylobacter isolates, the statistically significant national trends were mostly
increasing.

More countries reported data for indicator (commensal) E. coli and enterococci in 2011 than in 2010.

EFSA Journal 2013;11(5):3196 17



~ efsam

Euvcﬁean Food Salcziﬂ Authority

e C EU summary report on antimicrobial resistance in zoonotic and indicator bacteria
] from humans, animals and food 2011

2.2. Zoonotic and indicator agent-specific summaries

Salmonella

The Salmonella spp. data presented in this report comprise results for all reported Salmonella serovars
which have been amalgamated to represent the overall occurrence of antimicrobial resistance in Salmonella
within the various animal and food categories. The differences in the distribution and prevalence of particular
serovars and phage types of Salmonella in different countries and in different animal species, and their
associated patterns of resistance, may explain some of the differences in the levels of antimicrobial
resistance observed as well as in those of multi-resistance. The spread of particularly resistant clones, and
the occurrence of resistance genes within these clones, can be exacerbated by the use of antimicrobials in
human and animal population and the selective pressure this exerts. Other factors, such as foreign travel by
humans, animal movements, farming systems, animal husbandry and the pyramidal structure of some types
of animal primary production can also influence the spread of resistant clones.

In addition to the amalgamated data for Salmonella spp., resistance data for the most important Salmonella
serovars for public health, Salmonella Enteritidis (S. Enteritidis) and S. Typhimurium, were analysed
separately. A selection of other serovars of public health importance were also analysed in a specific chapter
of the report.

In humans

In 2011, 19 MSs and one non-MS provided information on antimicrobial resistance in Salmonella isolates
from cases of salmonellosis in humans.

The reported data represented 26.6 % of the confirmed salmonellosis cases reported in the EU in 2011.
Resistance in human Salmonella isolates was high for ampicillin (26.6 %), tetracyclines (27.1 %) and
sulfonamides (21.5 %) and moderate for streptomycin (18.4 %) and nalidixic acid (15.3 %), and high levels of
multi-resistance were observed in some countries (24.1 % overall). For these first four antimicrobials this
was largely due to the high to extremely high resistance levels observed among S. Typhimurium and
monophasic S. Typhimurium isolates. However, more than half of all isolates tested were susceptible to the
complete range of antimicrobials in the human data collection. In addition, the resistance to the clinically
important antimicrobials ciprofloxacin and cefotaxime was relatively low (9.1 % and 0.8 %, respectively),
albeit reported level of resistance to ciprofloxacin were, as expected, markedly higher in countries using
epidemiological cut-off values or similar values for interpretation of resistance results than in those using
clinical breakpoints, with the exception of Italy. Co-resistance to ciprofloxacin and cefotaxime among isolates
was very low (0.3 %). Resistance to quinolones (ciprofloxacin and nalidixic acid) was generally higher in
S. Enteritidis isolates than in S. Typhimurium isolates.

Among other prevalent serovars, S. Kentucky isolates exhibited very high or extremely high resistance to all
tested antimicrobials, when compared with all non-typhoidal Salmonella isolates, except for cefotaxime.
There was notably higher resistance to ciprofloxacin, nalidixic acid, sulfonamides and tetracyclines in
S. Infantis isolates than in all non-typhoidal Salmonella isolates. Conversely, S. Newport isolates had a
comparatively low level of resistance to all antimicrobials. It is important to note that for some serovars,
sufficient data for making separate country estimates was often available from only one or two countries.
When assessed by geographical region, Salmonella spp. isolates acquired within the EU/EEA countries
exhibited greater resistance to ampicillin and streptomycin, while the highest level of resistance to six of the
antimicrobials tested was observed in isolates acquired from Asia.

In animals and food

In 2011, information on antimicrobial resistance in Salmonella isolates from animals and food was reported
by 20 MSs and one non-MS.

Among Salmonella spp. isolates from Gallus gallus, the resistance level to tetracyclines, ampicillin and
sulfonamides in all reporting MSs was at moderate level, 17.8 %, 18.9 % and 25.3 %, respectively.
Resistance to ciprofloxacin and nalidixic acid was higher (28.7 % and 27.9 %, respectively), for all reporting
MSs. In general, there were large variations in the levels of resistance to these antimicrobials between
different reporting MSs. The occurrence of resistance to cefotaxime in all reporting MSs was low, at 1.5 %.
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For the first year, data were presented at production type level, where possible, throughout the report. In
2011, 13 MSs reported quantitative data from broilers, and in general the levels of resistance in this
production type were slightly higher than those reported when all Gallus gallus production types were
considered. Twelve MSs reported quantitative data from laying hens in 2011, and in contrast to the data from
broilers, the levels of resistance in this production type were lower than those reported when all Gallus gallus
were considered.

Multi-resistance levels (reduced susceptibility to at least three different antimicrobial classes using
epidemiological cut-off values) were generally high in Salmonella spp. isolates from broilers and low in those
from laying hens. Co-resistance to ciprofloxacin and cefotaxime was very low, and not detected when using
clinical breakpoints.

Some MSs showed statistically significant increasing trends in resistance among Salmonella spp. isolates
from Gallus gallus over the years 2005-2011, whereas other MSs exhibited decreasing trends. Statistically
significant decreasing trends were more frequently observed than significant increasing trends. Three MSs
demonstrated a significant increasing trend for ciprofloxacin and nalidixic acid resistance and one a
decreasing trend for both antimicrobials. In particular, resistance to cefotaxime remained generally low, very
low or absent in reporting MSs between 2005 and 2011.

Resistance in S. Enteritidis was generally lower than in Salmonella spp. isolates from Gallus gallus, except
to ciprofloxacin and nalidixic acid, for which resistance is at the same levels as for Salmonella spp. In
S. Enteritidis the occurrence of resistance for all reporting MSs was 2.5 % for tetracyclines, 5.5 % for
ampicillin and 4.8 % for sulfonamides, whereas the level of resistance to both ciprofloxacin and nalidixic acid
was 30.8 %.

In Salmonella spp. isolates from broiler meat, resistance levels for all reporting MSs for tetracyclines and
sulfonamides were high at 43.7 % and 44.8 %, respectively. Resistance to ciprofloxacin and nalidixic acid
resistance was also very high, with overall resistance levels of 50.1 % and 48.8 %, respectively. The
resistance level for cefotaxime was low, at 3.3 %.

Among Salmonella spp. isolates from turkeys, the level of resistance to tetracyclines, ampicillin and
sulfonamides in all reporting MSs was high at 52.2 %, 43.6 % and 51.0 %, respectively. The levels of
resistance to ciprofloxacin and nalidixic acid were also high, at 50.4 % and 36.9 %, respectively, for all
reporting MSs. There were commonly large variations in the levels of resistance to these antimicrobials
among the different reporting MSs. The occurrence of resistance to cefotaxime in all reporting MSs was very
low, at 0.4 %. Multi-resistance was generally high in Salmonella spp. isolates from turkeys; however, co-
resistance to ciprofloxacin and cefotaxime (interpreted using clinical breakpoints) was not detected.

For Salmonella spp. isolates from pigs, resistance levels in the reporting group of MSs were very high:
60.5 % for tetracyclines, 54.2 % for ampicillin and 60.5 % for sulfonamides. Ciprofloxacin and nalidixic acid
resistance levels remained low, at 4.0 % and 3.4 % respectively, and the level of resistance to cefotaxime
was also very low, at 1.0 % overall. Resistance to tetracyclines, ampicillin and sulfonamides was common in
Salmonella spp. from pig meat, 52.8 %, 56.2 % and 54.5 %, respectively, considering all reporting MSs.
Resistance to ciprofloxacin and nalidixic acid was at a low level (7.4 % and 6.1 %, respectively) and
cefotaxime resistance was very low, at 0.9 %. The trends in resistance observed in Salmonella spp. isolates
from pigs over the years 2005-2011 remained stable in some countries, while fluctuation was observed in
others. Among the few statistically significant national trends, slightly more decreasing trends were observed
than increasing ones. However, it is noteworthy that the level of resistance to cefotaxime remained generally
low, very low or absent in reporting MSs over the period 2005 to 2011. Multi-resistance was generally high in
Salmonella spp. isolates from pigs; however, co-resistance to ciprofloxacin and cefotaxime was very low and
not detected when using clinical breakpoints.

Among Salmonella spp. isolates from cattle, the occurrence of resistance to tetracyclines, ampicillin and
sulfonamides in all reporting MSs was high at 31.1%, 29.1 % and 33.4 %, respectively. The level of
resistance to ciprofloxacin and nalidixic acid was low, 1.7 % and 1.4 % respectively, for all reporting MSs,
while cefotaxime resistance was not observed among the reporting MSs. Although variation was observed
between MSs in the level of resistance to some antimicrobials, overall trends in resistance between 2005
and 2011 were mainly decreasing ones among Salmonella spp. from cattle. Important variability was
observed in multi-resistance levels in Salmonella spp. isolates from cattle; however, co-resistance to
ciprofloxacin and cefotaxime was not detected. The few statistically significant trends observed in resistance
levels among Salmonella isolates from cattle were all decreasing ones.
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Campylobacter

In humans

Overall, 13 MSs and onr non-MS provided information on antimicrobial resistance in isolates from
campylobacteriosis cases in humans for the year 2011.

Data from antimicrobial susceptibility testing represented 17.1 % of the total confirmed campylobacteriosis
cases reported in the EU in 2011. Fewer countries reported results for Campylobacter than for Salmonella.
The variety of methods and interpretative criteria used by MSs in antimicrobial susceptibility testing for
Campylobacter was still large, even though some harmonisation towards the use of EUCAST clinical
breakpoints could be observed. The launch of clinical breakpoints for disc diffusion by EUCAST in 2012 will
most likely facilitate this harmonisation further, as many countries use disc diffusion for testing of human
isolates. The resistance levels in human Campylobacter isolates were highest for nalidixic acid (47.8 %) and
ciprofloxacin (44.4 %) followed by ampicillin (35.3 %) and tetracyclines (30.5 %), with high levels of multi-
resistance observed in some countries. Resistance to the clinically important antimicrobial erythromycin was
low overall (3.5 %), but moderately high in C. coli (10.3 %), although the number of isolates of this species
tested was small.

Sufficient data were available for levels of resistance to be compared by geographical region for
ciprofloxacin, erythromycin, nalidixic acid and tetracyclines. Isolates acquired in EU/EEA countries had the
lowest frequency of resistance to all these antimicrobials, with resistance to erythromycin notably lower than
in Asia and Africa. However, the number of isolates tested that originated from outside of the EU/EEA was
very low.

In animals and food

In 2011, 17 MSs and two non-MSs reported quantitative MIC data for Campylobacter isolates from food and
animals. Seven MSs additionally reported qualitative data where the method of testing was not specified;
however these data are not presented in the report. When considering all host species, the highest levels of
resistance were seen for the (fluoro)quinolones (ciprofloxacin and nalidixic acid) and tetracyclines.
Resistance to erythromycin and gentamicin was comparatively low among Campylobacter isolates from food
and animals. Resistance was generally higher in C. coli than in C. jejuni from the same host species
(Gallus gallus).

For C. jejuni isolates from Gallus gallus, resistance ranged from high to very high for ciprofloxacin (57.2 %),
nalidixic acid (55.5 %) and tetracyclines (40.6 %), while levels of resistance to erythromycin and gentamicin
were low and very low at 1.6 % and 0.9 %, respectively. A similar pattern was seen for C. coli isolates from
Gallus gallus; however, levels of resistance were higher overall. Levels of resistance to ciprofloxacin,
nalidixic acid and tetracyclines were extremely high, at 76.6 %, 70.2 % and 74.6 %, respectively, while levels
of resistance to erythromycin and gentamicin were moderate (15.5 %) and low (3.8 %), respectively. Multi-
resistance (reduced susceptibility to at least three antimicrobial classes according to epidemiological cut-off
values) was generally low in C. jejuni isolates from broilers, and co-resistance to the clinically important
antimicrobials ciprofloxacin and erythromycin in the same isolates was either not detected or recorded at low
levels in the reporting MSs.

Although resistance to tetracyclines, ciprofloxacin and nalidixic acid in Gallus gallus varied greatly among
reporting MSs over the period 2005-2011, some statistically increasing trends in resistance to these
antimicrobials were observed for several MSs. Resistance to erythromycin, however, remained absent to low
in C. jejuni isolates over this period. The statistically significant trends observed among isolates from pigs
were generally increasing trends.

For C. jejuni isolates from broiler meat, resistance ranged from high to very high for ciprofloxacin (59.2 %),
nalidixic acid (56.9 %) and tetracyclines (46.9 %), while levels of resistance to erythromycin and gentamicin
were low at 3.1 % and 1.7 %, respectively. A similar pattern was seen for C. coli isolates from broiler meat;
however, levels of resistance were higher overall. Levels of resistance to ciprofloxacin, nalidixic acid and
tetracyclines were extremely high, at 77.7 %, 72.2 % and 71.5 %, respectively, while levels of resistance to
erythromycin and gentamicin were low at 9.8 % and 1.8 %, respectively.
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C. coli isolates from pigs were isolated at the slaughterhouse. Resistance to ciprofloxacin, nalidixic acid and
tetracyclines ranged from high to very high, at 35.5 %, 32.8 % and 64.8 %, respectively. Resistance to
erythromycin was high (24.5 %) and to gentamicin was low (7.2 %).

C. jejuni isolates from cattle were also considered. Overall, resistance was high for ciprofloxacin (38.8 %),
nalidixic acid (39.2 %) and tetracyclines (32.4 %), while resistance to erythromycin and gentamicin was very
low at 0.8 % for both. Few statistically significant decreasing trends were observed in cattle, but resistance to
erythromycin remained absent to low in C. jejuni isolates over the period 2005-2011.

Indicator (commensal) Escherichia coli

Twelve MSs and two non-MSs reported quantitative data on antimicrobial resistance in indicator E. coli
isolates from animals and food in 2011. Most of the data related to isolates from Gallus gallus, pigs and
cattle; three MSs reported results for meat derived from those species.

Most data on Gallus gallus referred to broilers, although two MSs provided data on E. coli from laying hens.
Resistance levels were in general higher among E. coli from broilers than from laying hens. Regarding
broilers, the highest overall resistance levels observed at the reporting MS group level were to ciprofloxacin
(53.1 %), ampicillin (54.4 %), sulfonamides (50.8 %), streptomycin (47.2 %), tetracyclines (45.2 %) and
nalidixic acid (42.6 %). The isolates from laying hens were also most commonly resistant to these
antimicrobials but resistance levels were lower, ranging between 9.7 % and 18.1 %. Resistance to
cefotaxime was low in both broilers (8.2 %) and layers (1.9 %). There was substantial variation in the level of
resistance to these antimicrobials between reporting MSs. Countries mostly reported relatively stable
resistance in E. coli isolates from Gallus gallus between 2005 and 2011. However, statistically significant
trends in resistance to all of these antimicrobials, except cefotaxime, have been identified: these trends have
more commonly been increasing ones than decreasing ones.

Concerning indicator E. coli from pigs, the highest overall resistance levels in the reporting group of MSs
were observed for tetracyclines (57.0 %), streptomycin (53.1 %), sulfonamides (45.8 %) and ampicillin
(37.1 %). Resistance to both ciprofloxacin and nalidixic acid was low at 8.3 % and 4.8 %, respectively,
although resistance levels in the individual countries reached up to 30.6 %. Overall, only 1.7 % of isolates
were resistant to cefotaxime. There were large differences in the occurrence of resistance between MSs.
There were fewer statistically significant trends than in isolates from Gallus gallus. No significant trends were
observed for cefotaxime, ciprofloxacin, nalidixic acid or streptomycin.

Multi-resistance levels (reduced susceptibility to at least three antimicrobial classes according to
epidemiological cut-off values) were generally high in indicator E. coli isolates from broilers and pigs, and in
a number of reporting countries. Co-resistance to the clinically important antimicrobials, ciprofloxacin and
cefotaxime, was also detected in very few isolates from these species.

In the reporting group of MSs, resistance levels in indicator E. coli isolates from cattle were generally lower
than among isolates from Gallus galllus and pigs. The highest resistance levels observed were to
tetracyclines (20.2 %), sulfonamides (19.5 %), streptomycin (17.4 %) and ampicillin (13.3 %). Resistance to
ciprofloxacin and nalidixic acid was low, at 6.0 % and 4.8 %, respectively. Overall, only very few isolates
(0.9 %) expressed resistance to cefotaxime. The occurrence of resistance was variable between MSs for
most of the antimicrobials. As for Salmonella some MSs presented data at production type level for cattle,
although only four MSs did so. One of these MSs reported much higher resistance among younger animals,
mainly fattening veal calves, compared to older cattle, mainly adult cows, but this was not observed in the
other countries. There have been numerous statistically significant trends in resistance since 2005, always of
a decreasing nature. The only antimicrobial for which no significant trends were observed was cefotaxime.

Indicator (commensal) enterococci

In 2011, 10 MSs and two non-MSs reported antimicrobial resistance data regarding enterococcal isolates
from animals and food. Most of the data concerned isolates from broilers (Gallus gallus), pigs and cattle,
although three MSs reported results for isolates from meat derived from those species.
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There was substantial variation in the resistance levels observed in the different MSs. The highest resistance
levels among Enterococcus faecium (E. faecium) and Enterococcus faecalis (E. faecalis) isolates from
broilers (Gallus gallus) were observed for tetracyclines (59.7 % and 61.9 %, respectively) and erythromycin
(54.6 % and 65.2 %, respectively). The isolates from pigs expressed greater resistance to tetracyclines
(63.6 % in E. faecium and 78.9 % in E. faecalis) but lower resistance to erythromycin (34.8 % in E. faecium
and 49.0 % in E. faecalis). Multi-resistance levels differed substantially between reporting MSs in E. faecium
from pigs and Gallus gallus. Regarding the isolates from cattle, 34.2 % of E. faecium and 35.6 % of
E. faecalis isolates were resistant to tetracyclines, while 30.5 % of E. faecium and 22.9 % of E. faecalis
isolates were resistant to erythromycin. As in E. coli, one MS reported much higher resistance levels among
younger animals, but this was not observed in the other country that reported data at production type level.
Numerous statistically significant trends have been identified for these, and other, antimicrobials since 2005:
those identified for isolates from pigs and cattle were predominantly decreasing trends.

Resistance levels in E. faecium to the combination of antimicrobials quinupristin/dalfopristin has been
analysed in this report for the various animal species and was found to be at very high to extremely high
levels (64.1 % to 86.5 %). This has however to be considered in relation to the very low levels of resistance
to vancomycin observed in all animal species (maximum 0.7 %).

Owing to cross-resistance between avoparcin and the human antimicrobial vancomycin, the use of avoparcin
as an antimicrobial growth promoter was banned in the EU in 1997. In 2011, vancomycin resistance was
found in only 0.7 % of E. faecium isolates from broilers, 0.6 % of E. faecalis isolates from broilers, 0.4 % of
E. faecium isolates from pigs and 0.4 % of E. faecalis isolates from cattle. Resistance was not detected in
the E. faecalis isolates from pigs and E. faecium isolates from cattle tested.

Methicillin-resistant Staphylococcus aureus

As regards healthy food-producing animals, a number of MSs and one non-MS detected MRSA in broilers
(3.3 %, respectively 29.2 %), fattening pigs (from 5.6 % to 84.1 %), beef cattle at slaughter (8.7 %), cattle at
slaughter (83.0 %) and bulk milk from dairy cattle (1.5 %) in 2011. Where several countries had examined
the same type of animal, the prevalence could differ markedly between reporting countries.

The most common type of MRSA detected was MRSA ST 398. However, some countries detected ST1 and
ST49. Two countries reported longitudinal data on the occurrence of MRSA in pigs at slaughter in the years
2010 and 2011; an increase in the numbers of pigs testing positive from one year to another was observed in
both countries.

Farm-to-fork analyses

The association between the observed resistance to certain antimicrobials in isolates of S. Typhimurium,
S. Enteritidis and Campylobacter from humans, food and animals was analysed by using the same clinical
breakpoints to determine resistance. It appeared that, when resistance to erythromycin and ciprofloxacin was
observed in human isolates in a country, resistant isolates were also found in animals and food, mostly at the
same levels. Resistance to ciprofloxacin in S. Typhimurium was rare in animal and food isolates when
interpreted using clinical breakpoints, although some resistance was detected in human isolates. This could
reflect other sources of human infection with these resistant isolates, such as infection through other
alimentary sources than pork, chicken or beef, consumption of imported foods, infection associated with
foreign travel or contact with pets.
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3. ANTIMICROBIAL RESISTANCE IN SALMONELLA

3.1. Introduction

Salmonella is an important zoonotic pathogen of economic significance in both humans and animals. The
genus Salmonella is divided into two species: S. enterica and S. bongori. There are six sub-species of
S. enterica and most Salmonella belong to the sub-species S. enterica subsp. enterica. Salmonella are
further sub-divided into serovars based on the serological reactions of their somatic O-antigens and flagellar
H-antigens. Different serovars have often been named based on the location where the serovar was first
isolated. In this report, the organisms are identified by genus followed by serovar, e.g. S. Typhimurium.
There are more than 2,500 serovars of zoonotic Salmonella which have been recognised, and the
prevalence of these different serovars can change over time. Within a given serovar, further sub-division of
the isolates can be done, e.g. using bacteriophages (bacterial viruses). The pattern of lysis obtained with a
standard panel of Salmonella bacteriophages (the lyso type) can be used to assign different phage types to
a given serovar.

Human salmonellosis is usually characterised by the acute onset of fever, abdominal pain, nausea and
sometimes vomiting. The majority of Salmonella infections result in mild, self-limiting, gastrointestinal iliness
and usually do not require antimicrobial treatment. In some patients the infection may be more serious and
the associated dehydration can be life-threatening. Invasive disease, such as Salmonella bacteraemia or
meningitis, can occur in a smaller subset of patients, with a higher risk in patients who are immuno-
compromised. In cases of severe enteric disease, or when Salmonella invades and causes a bloodstream
infection, effective antimicrobials are essential for treatment and can be life-saving. The treatment of choice
for Salmonella infection is fluoroquinolones for adults and third-generation cephalosporins for children.
Resistance in Salmonella to these first-line treatments, resulting in infections with antimicrobial-resistant
strains, may cause treatment failure, which in turn can lead to more severe outcomes in patients.
Salmonellosis has also been associated with long-term or chronic sequelae, e.g. reactive arthritis.

The common reservoir of non-typhoidal Salmonella strains is the intestinal tract of a wide range of domestic
and wild animals. A wide variety of food stuffs of both animal and plant origin can be contaminated with
Salmonella, which may cause infection in humans. Transmission usually occurs when the bacteria are
introduced during food preparation or are allowed to multiply in food (for example because of inadequate
storage temperature, inadequate cooking or cross-contamination of ready-to-eat food and uncooked food).
Salmonella may also be transmitted through direct contact with infected animals or humans, or by contact
with contaminated environments.

Overall, considering all Salmonella infections in the EU, S. Enteritidis and S. Typhimurium are the serovars
most frequently associated with human illness. S. Enteritidis cases in humans are most commonly
associated with the consumption of contaminated eggs and poultry meat, while S. Typhimurium cases are
mostly associated with the consumption of contaminated pig, bovine and poultry meat.

In animals, particularly of certain species, sub-clinical infections or heathy carriage can be common. The
organism may spread rapidly and easily between animals in a herd or flock without the animals showing any
clinical signs in some cases and animals may become intermittent or persistent carriers. In other species,
clinical disease may occur following Salmonella infection and, in particular, cattle may succumb to fever,
diarrhoea and abortion following infection, particularly with some serovars, such as S. Dublin. In calves,
Salmonella can cause outbreaks of diarrhoea with high mortality. Fever and diarrhoea are less common in
pigs than in cattle and sheep and poultry may also show no signs of infection.

Salmonella spp. comprises the amalgamated results for all Salmonella serovars reported by a reporting MS.
In the case of sampling in animals performed in accordance with EFSA’s recommendations (EFSA, 2007)
and related to National Salmonella Control Programmes, there is a defined method of selecting isolates for
inclusion in the monitoring. The relative contribution of different serovars possessing a particular resistance
should ideally be considered when interpreting the results, in order to evaluate the influence of clonal
dissemination of serovars. If a MS has reported the susceptibility of particular serovars and excluded others,
then this would introduce a source of bias in the susceptibility figures relating to Salmonella spp.
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3.2. Overview of reported resistance data in Salmonella from humans, animals and food

Nineteen MSs and Iceland provided data for 2011 from Salmonella human cases isolates. Countries
reported qualitative data, i.e. interpreted antibiotic susceptibillity testing (AST) results for tested isolates
(susceptible (S), intermediate (1) or resistant (R)), but no minimum inhibitory concentration (MIC) values or
inhibition zone diameters (1ZDs). Twenty MSs and one non-MS (Norway) reported quantitative MIC data on
the antimicrobial resistance of Salmonella isolates recovered from animals and food in 2011. Table SA1
presents an overview of the MSs reporting on antimicrobial resistance, either MIC or 1ZD data, on Salmonella
spp. from humans and various animal and food categories in 2011.

Table SA1. Overview of countries reporting antimicrobial resistance data using MICs and disc
inhibition zones on Salmonella spp. (all serovars) from humans and various animal and food
categories in 2011

Total number of

Origin MSs reporting Countries
MSs: AT, EE, GR, HU, IT, LT", LU, LV", RO,
Human 12 SK*, sI, ES
Non-MS: IS
MSs: ATY, CY?, LUY, PL% RO, SI®
Gallus gallus (fowl) 6 T
Non-MS: IS
Turkeys 5 MSs: AT', CY?, PL? RO, SI°
. MSs: ATY, IE%, PL? PT?, RO, SIP
Pigs 6 —1
Diffusion Non-MS: IS
Cattle (bovine animals) 3 MSs: ATY, IE?, LU!
_ MSs: AT, ES?, HU®, LT®, LU NL®, PL?, SI®
Meat from broilers (Gallus gallus) 8 T
Non-MS: IS
Meat from turkey 1 MS: HU®
, MSs: AT, ES?, HU?, LT®, LU NL®, PL?, SI®
Meat from pig 8 T
Non-MS: IS
Meat from bovine animals 6 MSs: ATY, ES?, HU?, LU PL? sPP
Human 12 MSs: DK, DE, EE, IE, IT, LT, LV®, MT, NL,
RO, SK*, UK
MSs: AT, BE, DE, DK, EE, ES, FI, FR, GR,
Gallus gallus (fowl) 19 HU, IE, IT, LV, NL, PL, PT, SE, SK, UK
Non-MS: NO
MSs: AT, DE, DK, ES, FI, FR, HU, IE, IT, PL,
Turkeys 13 PT, SK, UK
Non-MS: NO
MSs: DE, DK, EE, ES, FI, HU, IE, IT, NL,
Dilution ~ Pigs 11 SE, SK
Non-MS: NO
. . MSs: DE, EE, ES, FlI, IE, IT, NL, SE, SK
Cattle (bovine animals) 9
Non-MS: NO
Meat from broilers (Gallus gallus) 11 MSs: BE, DE, GR, HU, IE, IT, LV, NL, PT,
RO, SK
Meat from turkey 9 MSs: DE, EE, FI, HU, IE, IT, NL, PL, RO
Meat from pi 11 MSs: BE, DE, DK, EE, HU, IE, IT, NL, PT,
P9 RO, SK
Meat from bovine animals 8 MSs: DE, EE, FI, IE, IT, NL, PT, RO

Note: Cyprus provided human data for only one isolate tested for one antimicrobial and no information was provided regarding
interpretive criteria. Cyprus is therefore not represented in the table.

1. These data were submitted with no test method specified but are believed to have been tested by disc diffusion based on information
in the National Zoonoses Reports.

2. These data were submitted with no test method specified and this information could not be obtained from the National Zoonoses
Reports.

3. These data were submitted with the test method listed as dilution but no MIC distribution data were supplied.
4. Clinical breakpoints shown are from the 2010 report; clinical breakpoints for 2011 were not reported.
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3.3. Antimicrobial resistance in Salmonella isolates from humans

METHODS AND INTERPRETATIVE THRESHOLDS OF RESISTANCE IN SALMONELLA IN HUMANS

The method of testing for antimicrobial susceptibility and the selection of the isolates to be tested varied
between countries. In several countries, the reference laboratories perform antimicrobial susceptibility
testing on only a subset of the isolates. The remainder may be subjected to susceptibility testing by
hospitals or local laboratories and the methods used by these may not be reported. The methods and
interpretative criteria used for antimicrobial susceptibility testing (AST) of Salmonella are presented in
Table MM1 in Materials and Methods. At present there is a lack of standardisation of AST methods and
interpretive criteria both between and within countries. Most countries used clinical breakpoints for the
interpretation of test results as provided by the Clinical and Laboratory Standards Institute (CLSI) or a
combination of clinical breakpoints from CLSI and the European Committee on Antimicrobial
Susceptibility Testing (EUCAST), depending on the antimicrobial. A few countries used other criteria such
as epidemiological cut-off values (ECOFFs) provided by EUCAST.

Of the 10 antimicrobials reported from both human and animal/food isolates, four MIC values or zone
diameters differ markedly between the clinical breakpoints and the ECOFFs for four: cefotaxime,
ciprofloxacin, gentamicin and trimethoprim. In particular, the ECOFF for ciprofloxacin is three dilution
steps lower than the EUCAST clinical breakpoint and five dilution step lower than the CLSI clinical
breakpoint (Figure SAl). The results for these four antimicrobials must therefore be interpreted with
caution and no direct comparison between countries should be made. Where countries have used the
same method over the time period covered by the report, the trends in occurrence of resistance are likely
to be valid, although sensitivity may vary depending on the specific thresholds used.

Figure SAl. Comparison of clinical breakpoints and epidemiological cut-off values used to
interpret MIC data reported for Salmonella spp. from humans, animals or food

@
N

cotowme | | eo| | o

MIC Distribution (mg/L)
©

mosres| [ L]
wosies | L

o EUCAST ECOFF

mosres) [ L] L]

CLsIcB
cLsicB
cLsIcB

mores)| | | |

EUCAST ECOFF**

4

cLsIcB
EUCASTCB
CLsIcB
EUCASTCB
cLsIcB
EUCASTCB
CLsICB
EUCASTCB
CLsIcB
EUCASTCB
CLsICcB
cLsice*
EUCASTCB

EUCAST ECOFF
EUCAST ECOFF
EUCAST ECOFF
EUCAST ECOFF
EUCAST ECOFF

" EUCAST ECOFF
" EUCAST ECOFF
' EUCAST ECOFF

Ampicilin |

Ti

*-NARMS value, no CLSI value available Antimicrobial
** - EFSAvalue, no EUCAST ECOFF value available ¥ Ecologically Wild-type ¥ Ecologically Non Wild-type  Clinically Susceptible ¥ Clinically Intermediate ¥ Clinically Resistant

Note: CLSI from 2011, EUCAST from 2011, EUCAST ECOFFS as utilised by EFSA in 2011.

EFSA Journal 2013;11(5):3196 25



C EU summary report on antimicrobial resistance in zoonatic and indicator bacteria
e from humans, animals and food 2011

~ efsam

Euvcﬁean Food Salcziﬂ Authority

&

3.3.1. Antimicrobial resistance in Salmonella spp.

Nineteen MSs and Iceland submitted antimicrobial resistance data from human non-typhoidal Salmonella
isolates to ECDC for 2011. In total, 25,199 isolates were tested for resistance to one or more antimicrobials,
representing 26.4 % (N=95,548) of the confirmed human salmonellosis cases reported in the EU in 2011
(EFSA and ECDC, 2013).

The highest level of resistance in all human Salmonella isolates from 2011 was observed for tetracyclines
(27.1 %), closely followed by ampicillin (26.6 %) (Table SA2). However, as in previous years, wide variability
in percentages of resistance to different antimicrobials was observed among the reporting countries.
Salmonella Enteritidis and S. Typhimurium were, in 2011 as in previous years, the two most commonly
reported Salmonella serovars, representing 44.4 % and 24.9 % respectively of all confirmed human cases for
which serover information was provided (EFSA and ECDC, 2013). Furthermore, harmonisation of reporting
of monophasic S. Typhimurium 1,4,[5],12:i:- in 2010 resulted in this serotype becoming the third most
commonly reported serovar, representing 4.7 % of all confirmed reported cases in 2011.

Multi-drug resistance of human Salmonella spp. to 10 antimicrobials are presented. The 10 antimicrobials
included were ampicillin, cefotaxime, chloramphenicol, ciprofloxacin/nalidixic acid, gentamicin, kanamycin,
streptomycin, sulfonamides, tetracyclines and trimethoprim. Of these, only kanamycin is not on the list of
antimicrobials tested for in food and animal isolates. Multi-drug resistance of an isolate is defined as non-
susceptibility to at least three different antimicrobial classes (Magiorakos et al., 2012). Co-resistance to
ciprofloxacin and cefotaxime was also estimated as these two antimicrobials are considered the most
important for treatment of severe salmonellosis (EFSA, 2009d).

The AST results for a total of 14 serovars (the top 10 serovars in humans and some additional serovars of
importance in animals) are presented in a separate chapter. In order to assess whether there were any
differences in resistance levels between human Salmonella infections aquired within the EU/EEA and those
aquired when travelling outside of the EU/EEA, resistance data are presented by region based on most likely
country of infection. Multi-drug resistance and co-resistance of human Salmonella spp. are also presented.
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Table SA2. Antimicrobial resistance in Salmonella spp. (all non-typhoidal serovars) from humans per country in 2011, using clinical breakpoints, with
some exceptions®

Ampicillin Cefotaxime Chloramphenicol Ciprofloxacin Gentamicin Kanamycin

Country s B s B 0 e B e By B
N % Res N % Res N % Res N % Res N % Res N % Res
Austria 2,235 12.7 2,235 0.7 2,235 4.0 2,235 0.7 2,235 0.9 2,235 0.6
Cyprus 1 NA - - - - - - - - - -
Denmark* 1,149 25.8 1,149 1.6 1,149 6.6 1,149 14.6 1,149 3.7 1,149 1.2
Estonia 286 15.7 266 11 222 1.8 359 1.1 220 0.9 219 0.5
Germany 1,933 38.6 1,933 1.1 - - 1,933 1.1 1,933 2.2 1,933 1.7
Greece 273 13.2 53 0 214 3.3 270 0 58 86.2 214 4.2
Hungary 697 554 697 0.1 697 12.2 697 0.1 697 0.3 697 0.9
Ireland 305 315 304 3.0 305 19.0 304 1.0 304 3.6 304 2.3
Italy 1,563 59.2 1,287 1.8 353 9.6 1,522 11.3 1,163 45.7 225 4.4
Latvia 126 0 18 NA 3 NA 105 0 1 NA - -
Lithuania 2,265 17.7 1,922 0.2 1,049 0.9 1,800 0.7 1,044 0.2 944 0
Luxembourg 123 38.2 123 0 123 4.9 123 4.1 123 1.6 122 0
Malta 120 30.8 - - - - 120 9.2 120 58.3 - -
Netherlands® 1,115 37.9 1,115 04 1,115 8.4 1,115 10.2 1,115 1.3 -
Romania 281 27.8 281 04 281 8.2 281 0.7 281 1.4 281 1.1
Slovakia 600 10.8 230 3.0 110 1.8 249 3.2 195 93.8 - -
Slovenia 400 15.3 400 0 400 3.8 400 0.3 400 0.8 400 0.8
Spain 2,112 38.1 2,111 0.6 2,111 7.7 2,110 0.7 2,111 1.6 2,109 1.1
United Kingdom 9,320 20.3 9,239 0.9 9,284 5.6 9,354 17.6 9,295 2.6 9,243 1.9
Total (19 MSs) 24,904 26.6 23,363 0.8 19,651 6.0 24,126 9.1 22,444 5.6 20,075 1.5
Iceland 44 22.7 1 NA 44 4.5 44 4.5 1 NA - -

Table continued overleaf.

N = number of isolates tested.

% Res = percentage of resistant isolates.

— = no data reported.

NA = not applicable: if fewer than 20 isolates were tested resistance was not calculated.
1. ECOFFs were used for interpretation.
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Table SA2 (continued). Antimicrobial resistance in Salmonella spp. (all non-typhoidal serovars) from humans per country in 2011, using clinical
breakpoints, with some exceptions®

Nalidixic acid Streptomycin Sulfonamides Tetracyclines Trimethoprim

Country

Austria 2,235 11.1 2,235 13.1 2,235 135 2,235 14.8 2,235 2.8
Cyprus - - - - - - - - - -
Denmark® 1,149 115 1,149 295 1,149 27.9 1,149 29.7 1,148 5.7
Estonia 217 6.9 215 5.6 221 6.8 220 5.0 294 3.1
Germany 1,933 6.9 1,933 42.9 - - - - 1,931 5.3
Greece 257 2.7 214 154 - - 215 14.9 44 114
Hungary 697 26.8 697 49.2 697 63.8 697 54.8 697 6.9
Ireland 304 11.8 305 28.5 305 325 305 36.4 304 105
Italy 351 7.4 232 51.3 208 51.9 473 61.9 1,379 8.3
Latvia - - - - - - 1 NA 107 0
Lithuania 968 12.2 946 7.7 943 9.4 942 9.3 2,256 7.5
Luxembourg 123 5.7 123 33.3 123 36.6 123 325 123 7.3
Malta - - - - - - - - 120 10.8
Netherlands® 1,115 8.9 1,115 37.8 1,115 37.3 1,115 39.1 - -
Romania 281 16.4 281 235 281 45.6 281 27.8 281 15.7
Slovakia 4 NA 11 NA 33 9.1 373 105 - -
Slovenia 400 10.0 400 13.3 400 15.3 400 125 400 1.0
Spain 2,110 21.7 2,112 29.1 2,110 0.3 2,110 36.9 2,110 0.1
United Kingdom 9,309 185 9,284 6.3 9,240 22.3 9,240 25.7 9,344 10.1
Total (19 MSs) 21,453 15.3 21,252 18.4 19,060 21.5 19,879 27.1 22,773 7.2
Iceland 44 13.6 - - - - - - 44 2.3

N = number of isolates tested.

% Res = percentage of resistant isolates.

— = no data reported.

NA = not applicable: if fewer than 20 isolates were tested resistance was not calculated.
1. ECOFFs were used for interpretation.
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3.3.2. Antimicrobial resistance in S. Enteritidis

As in previous years, S. Enteritidis was the most common Salmonella serovar isolated in Europe in 2011,
with 34,385 cases (EFSA and ECDC, 2013). Data on antimicrobial resistance of S. Enteritidis isolates were
submitted by 19 MSs and Iceland for 2011.

The highest levels of resistance among S. Enteritidis isolates were observed for nalidixic acid (23.2 %;
N=6,811), and ciprofloxacin (12.7 %; N=7,965) (Table SA3). Both of these antimicrobials belong to the
quinolones, a family of synthetic broad-spectrum antimicrobials. Whereas nalidixic acid is a first-generation
quinolone (and not normally used for the treatment of salmonellosis), ciprofloxacin belongs to the second-
generation of fluoroquinolones and is today the antimicrobial of choice for treatment of severe or invasive
Salmonella infections in humans (EFSA, 2009d). As in 2009 and 2010, the highest resistance to ciprofloxacin
was found in the United Kingdom (33.7 %; N=2,596) and Denmark (23.6 %; N=288), which both used more
sensitive breakpoints. Italy reported the third highest resistance to ciprofloxacin in 2011 (15.5 %; N=148)
which was a substantial increase compared with 2010 (1.4 %; N=207). This unexpected result, and those
that follow, may be due to a lack of standardisation in AST methods and interpretive criteria. The United
Kingdom reported a marked increase in ciprofloxacin resistance among S. Enteritidis from the 19.0 %
(N=2,784) observed in 2010, reflecting a return to the levels of resistance observed in 2009. A high level of
resistance among S. Enteritidis to nalidixic acid was observed in the United Kingdom (34.4 %; N=2,587),
Ireland (25.9 %; N=58) and Denmark (22.2 %; N=288) with very high resistance observed in Spain (56.4 %;
N=612) (Table SA3).

For the country-specific five-year trends for ciprofloxacin resistance over the 2007-2011 period, the countries
were presented individually owing to wide diversity of AST methods and breakpoints/cut-off values used for
interpreting resistance data (Figure SA2). The more sensitive breakpoints (ECOFFs or similar) were used in
the United Kingdom, Denmark, the Netherlands and, since 2011, Estonia. Most of the countries using CLSI
breakpoints reported very low to low levels of resistance, with the exception of Italy.

The second most clinically important group of antimicrobials for the treatment of human salmonellosis are the
cephalosporins, especially for treatment of severe infections in children (EFSA, 2009d). In the panel of
antimicrobials tested, this group of antimicrobials is represented by cefotaxime, a third-generation
cephalosporin. As in previous years, resistance to cefotaxime was generally very low in the reporting MSs,
0.3 % (N=7,700) in 2011. The highest resistance was observed in Slovakia (3.0 %; N=169) followed by Italy
(1.7 %; N=120) (Table SA3). The five-year 2007-2011 trends in cefotaxime resistance were generally at a
very low level in reporting MSs (Figure SA3). The fact that CLSI changed the breakpoint for cefotaxime from
264 mg/L to 24 mg/L in 2010 did not result in any visible increases in resistance in the countries adapting to
this change in either 2010 or 2011.

Other noteworthy observations are the extremely high resistance to gentamicin among S. Enteritidis in
Slovakia (94.8 %; N=135) and Greece (83.3 %; N=42), while Malta reported a rise from 0 % (N=72) in 2010
to 55.3 % (N=47) in 2011, although this can be attributed to the use of a more sensitive breakpoint in 2011
(Table SA3).
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Country
Austria 1,266 1.6 1,266 0.2 1,266 0.2 1,266 0.1 1,266 0 1,266 0
Cyprus 1 NA - - - - - - - - - -
Denmark® 288 7.6 288 0.7 288 0 288 23.6 288 0 288 0
Estonia 206 13.6 185 1.1 153 0.7 217 14 151 0 150 0.7
Germany 191 1.0 191 0 - - 191 0 191 0 191 0.5
Greece 112 5.4 39 0 70 0 111 0 42 83.3 70 0
Hungary 20 65.0 20 0 20 25.0 20 0 20 0 20 0
Ireland 58 5.2 58 0 58 0 58 0 58 0 58 0
Italy 147 8.8 120 1.7 28 0 148 15.5 124 37.9 23 0
Latvia 116 0 12 NA 1 NA 97 0 - - - -
Lithuania 1,759 121 1,496 0.2 894 0.2 1,464 0.6 879 0 812 0
Luxembourg 30 3.3 30 0 30 0 30 3.3 30 0 29 0
Malta 47 10.6 - - - - 47 6.4 47 55.3 - -
Netherlands® 317 35 317 0 317 0.3 317 9.1 317 0 - -
Romania 120 7.5 120 0 120 25 120 0 120 0 120 0
Slovakia 460 3.3 169 3.0 68 0 172 1.7 135 94.8 - -
Slovenia 210 3.3 210 0 210 0 210 0 210 0 210 0
Spain 614 9.3 613 0.2 614 0.2 613 0.2 614 0.2 613 0
United Kingdom 2,589 3.2 2,566 0.3 2,575 0.3 2,596 33.7 2,577 0.2 2,566 0
Total (19 MSs) 8,551 5.9 7,700 0.3 6,712 0.4 7,965 12.7 7,069 3.4 6,416 0
Iceland 19 NA - - 19 NA 19 NA - - - -

Table continued overleaf.

N = number of isolates tested.

% Res = percentage of resistant isolates.

— = no data reported.

NA = not applicable: if fewer than 20 isolates were tested resistance was not calculated.
1. ECOFFs were used for interpretation.
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Country
Austria 1,266 4.9 1,266 0.6 1,266 0.8 1,266 1.1 1,266 0.4
Cyprus - - - - - - - - - -
Denmark® 288 22.2 288 2.1 288 3.1 288 5.2 288 1.7
Estonia 150 8.0 146 0 149 0.7 151 1.3 210 0.5
Germany 191 3.7 191 0.5 - - - - 191 0
Greece 108 1.9 70 1.4 - - 71 1.4 26 7.7
Hungary 20 5.0 20 50.0 20 50.0 20 50.0 20 10.0
Ireland 58 25.9 58 0 58 1.7 58 13.8 58 1.7
Italy 38 5.3 23 0 21 0 43 9.3 113 4.4
Latvia - - - - - - - - 99 0
Lithuania 812 13.1 813 0.2 810 0.6 811 1.8 1,761 6.3
Luxembourg 30 13.3 30 3.3 30 3.3 30 6.7 30 0
Malta - - - - - - - - a7 6.4
Netherlands® 317 9.1 317 0.6 317 1.6 317 25 - -
Romania 120 20.0 120 3.3 120 20.0 120 25 120 4.2
Slovakia 4 NA 4 NA 24 0 289 4.2 - -
Slovenia 210 6.7 210 1.9 210 4.3 210 0 210 0
Spain 612 56.4 614 1.0 613 0 613 2.6 614 0
United Kingdom 2,587 34.4 2,575 0.5 2,566 1.8 2,566 3.0 2,594 0.8
Total (19 MSs) 6,811 23.2 6,745 0.8 6,492 1.9 6,853 2.7 7,647 2.1
Iceland 19 NA - - - - - - 19 NA

N = number of isolates tested.

% Res = percentage of resistant isolates.

— = no data reported.

NA = not applicable: if fewer than 20 isolates were tested resistance was not calculated.
1. ECOFFs were used for interpretation.
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Figure SA2. Resistance to ciprofloxacin in S. Enteritidis in humans in reporting MSs, 2007-2011,
using clinical breakpoints, with some exceptions1

Direct comparisons between countries should be avoided owing to use of different interpretive criteria®

30

0

% resistant 1solates

30

0

Note:

2007 2008 2009 2010 2011 2007 2008 2009 2010 2011
1 1 1 L 1 1 1 1 1 1 L 1 1 1 L 1 L L L
Denmark Estoma Germany Italy
._ﬁ_*___/“'hﬁjt—_q
- — - s
Lithuama Luxembourg Malta Netherlands
Romania Slovenia Spain United Kingdom
i h‘\‘\_A N Y P Y
T T T T T T T T T T T T T T T T T
2007 2008 2009 2010 2011 2007 2008 2009 2010 2011
Year

Ca0

-

Data for at least four years from 2007 to 2011 were also available for Ireland, but are not shown as no resistant cases were
observed in this period.

ECOFFs were used for interpretation in Denmark and the Netherlands.

Guidelines used for AST: Denmark (Danmap), Estonia (EUCAST), Germany (DIN), Italy (CLSI), Lithuania (CLSI), Luxembourg
(CLSI), Malta (EUCAST), the Netherlands (EUCAST), Romania (CLSI), Slovenia (CLSI), Spain (CLSI), UK (HPA). See also Table

MML1.
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Figure SA3. Resistance to cefotaxime in S. Enteritidis in humans in reporting MSs, 2007-2011, using
clinical breakpoints, with some exceptions®

Direct comparisons between countries should be avoided owing to use of different interpretive criteria®
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Data for at least four years from 2007 to 2011 were also available for Lithuania and Luxembourg, but are not shown as few
resistant cases were observed in this period in these countries.

ECOFFs were used for interpretation in Denmark and the Netherlands.
Guidelines used for AST: Denmark (Danmap), Estonia (EUCAST), Germany (DIN), Ireland (EUCAST) Italy (CLSI), the

Netherlands (EUCAST), Romania (CLSI), Slovenia (CLSI), Spain (CLSI), UK (HPA). See also Table MM1.
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3.3.3. Antimicrobial resistance in S. Typhimurium

Antimicrobial resistance in S. Typhimurium isolates reported for 2011 differed from that in S. Enteritidis.
S. Typhimurium was the second most common Salmonella serovar isolated in 2011, with 19,250 cases
(excluding monophasic S. Typhimurium which is presented in Section 4.2.1) (EFSA and ECDC, 2013). Data
were reported by 18 MSs and Iceland. The highest resistance in S. Typhimurium was observed for ampicillin
(61.5 %; N=5,617), tetracyclines (59.5 %; N=4,241), sulfonamides (53.9 %; N=4,031) and streptomycin
(38.0 %; N=4,921) (Table SA4). The occurrence of resistance to these antimicrobials was generally high to
extremely high in the majority of reporting MSs. In 2011, resistance observed in S. Typhimurium isolates to
the two clinically most important antimicrobials was 4.8 % (N=5,562) for ciprofloxacin and 1.0 % (N=5,337)
for cefotaxime. The percentage of resistance to ciprofloxacin increased from 0.8 % (N=824) in 2010 to
13.0 % (N=486) in ltaly in 2011, but decreased from 20.1 % (N=388) in 2010 to 12.7 % (N=314) in the
Netherlands. The highest levels of resistance to cefotaxime were observed in Slovakia (4.8 %; N=21) and
Italy (2.7 %; N=412) (Table SA4).

The five-year trend (2007-2011) in resistance to ciprofloxacin by country showed that most reporting
countries using CLSI clinical breakpoints reported consistently low levels of resistance to ciprofloxacin, with
the exception of Italy. Countries using ECOFFs or similar interpretative criteria (Denmark, the Netherlands
and the United Kingdom) generally reported higher levels of resistance over the five-year period, even
though the trend in the Netherlands was notably inconsistent (Figure SA4). For the five-year trends for
cefotaxime resistance over 2007 to 2011, resistance was low overall in reporting MSs independent of the
breakpoints used. The highest resistance (13.8 %; N=87) was observed in Romania in 2007, followed by a
considerable decline to 2011 (1.1 %; N=94) (Figure SA5).

Other noteworthy observations were the high resistance in S. Typhimurium to gentamicin in Italy (49.1 %,
N=377) and extremely high resistance in Slovakia (82.6 %; N=23), while Malta reported a rise from 0 %
(N=37) in 2010 to 60.0 % (N=25) in 2011, although this can be attributed to the use of a more sensitive
breakpoint in 2011 and a small sample size (Table SA4).
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Country

Ampicillin

Cefotaxime

Chloramphenicol

Gentamicin

N % Res N % Res N % Res N % Res N % Res N % Res
Austria 302 46.0 302 1.3 302 225 302 0 302 0.3 302 0
Denmark* 244 324 244 0.4 244 17.2 244 4.9 244 0.4 244 0.8
Estonia 37 27.0 38 0 29 10.3 39 0 29 3.4 29 0
Germany 811 79.0 811 1.1 - - 811 0.4 811 1.6 811 2.6
Greece 55 23.6 9 NA 44 9.1 54 0 10 NA 44 2.3
Hungary 320 68.8 320 0 320 21.9 320 0 320 0.3 320 1.3
Ireland 88 56.8 87 0 88 51.1 87 0 87 1.1 87 1.1
Italy 507 76.7 412 2.7 115 24.3 486 13.0 377 49.1 47 2.1
Latvia 7 NA 3 NA - - 7 NA - - - -
Lithuania 215 63.7 174 0 104 6.7 194 0 99 0 92 0
Luxembourg 31 51.6 31 0 31 16.1 31 3.2 31 0 31 0
Malta 25 64.0 - - - - 25 4.0 25 60.0 - -
Netherlands® 314 55.1 314 0 314 24.5 314 12.7 314 0.6 - -
Romania 94 55.3 94 1.1 94 20.2 94 0 94 1.1 94 3.2
Slovakia 62 50.0 21 4.8 25 8.0 29 10.3 23 82.6 - -
Slovenia 56 51.8 56 0 56 26.8 56 0 56 3.6 56 1.8
Spain 274 82.5 274 0.7 273 26.4 273 0 273 1.8 273 3.3
United Kingdom 2,175 56.7 2,147 1.2 2,169 14.8 2,196 6.6 2,171 2.2 2,150 1.6
Total (18 MSs) 5,617 61.5 5,337 1.0 4,208 185 5,562 4.8 5,266 5.8 4,580 1.7
Iceland 9 NA 1 NA 9 NA 9 NA 1 NA - -

Table continued overleaf.

N = number of isolates tested.

% Res = percentage of resistant isolates.

— = no data reported.

NA = not applicable: if fewer than 20 isolates were tested, resistance was not calculated.
1. ECOFFs were used for interpretation.
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Nalidixic acid Streptomycin Sulfonamides Tetracyclines Trimethoprim

Country
Austria 302 4.6 302 42.4 302 49.0 302 48.3 302 9.3
Denmark® 244 3.3 244 38.1 244 39.8 244 41.0 244 4.9
Estonia 29 34 29 17.2 29 241 29 13.8 39 12.8
Germany 811 4.8 811 78.2 - - - - 809 7.3
Greece 48 2.1 44 25.0 - - 44 43.2 9 NA
Hungary 320 1.9 320 43.8 320 51.3 320 44.4 320 134
Ireland 87 8.0 88 59.1 88 62.5 88 63.6 87 12.6
Italy 110 8.2 47 63.8 36 61.1 171 76.6 454 7.3
Latvia - - - - - - - - 7 NA
Lithuania 92 5.4 92 65.2 92 83.7 91 74.7 211 22.7
Luxembourg 31 3.2 31 38.7 31 48.4 31 35.5 31 12.9
Malta - - - - - - - - 25 0
Netherlands® 314 11.8 314 51.3 314 52.9 314 55.4 - -
Romania 94 5.3 94 43.6 94 73.4 94 50.0 94 26.6
Slovakia - - 6 NA 5 NA 37 27.0 - -
Slovenia 56 19.6 56 53.6 56 48.2 56 46.4 56 3.6
Spain 274 10.6 274 59.1 273 0 273 83.2 272 0
United Kingdom 2,178 6.2 2,169 14.2 2,147 61.6 2,147 63.4 2,195 12.8
Total (18 MSs) 4,990 6.2 4,921 38.0 4,031 53.9 4,241 59.5 5,155 10.7
Iceland 9 NA - - - - - - 9 NA

N = number of isolates tested.

% Res = percentage of resistant isolates.

— = no data reported.

NA = not applicable; if fewer than 20 isolates were tested, resistance was not calculated.
1. ECOFFs were used for interpretation.
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Phimurium in humans in reporting MSs, 2007-2011,

Data for at least four years from 2007 t02011 were also available for Malta, Romania and Slovenia, but are not shown as few, if
any, resistant cases were observed in this period in these countries.

ECOFFs were used for interpretation in Denmark and the Netherlands.

Guidelines used for AST: Denmark (Danmap), Estonia (EUCAST), Germany (DIN), Ireland (EUCAST), Italy (CLSI), Lithuania
(CLSI), Luxembourg (CLSI), the Netherlands (EUCAST), Spain (CLSI), UK (HPA). See also Table MML1.
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Figure SA5. Resistance to cefotaxime in S. Typhimurium in humans in reporting MSs, 2007-2011,
using clinical breakpoints, with some exceptions1

Direct comparisons between countries should be avoided owing to use of different interpretive criteria®
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1. ECOFFs were used for interpretation in Denmark and the Netherlands.

2. Guidelines used for AST: Denmark (Danmap), Estonia (EUCAST), Germany (DIN), Ireland (EUCAST), ltaly (CLSI), Lithuania
(CLSI), the Netherlands (EUCAST), Romania (CLSI), Slovenia (CLSI), Spain (CLSI), UK (HPA). See also Table MML1.
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3.3.4. Multi-drug resistance in Salmonella isolates from humans

Twelve MSs had tested isolates for the full range of antimicrobials included in the human data collection for
Salmonella spp., and these isolates were included in the multi-drug resistance analysis. About half of the
human Salmonella spp. isolates in the 12 MSs were susceptible to all 10 antimicrobials (55.6 %; N=17,833),
varying from 17.1 % (N=697) in Hungary to 79.0 % (N=209) in Estonia (Table SA5). Multi-drug resistance
was high (24.1 %; N=17,833; country average 28.2 %) at the EU level, with the highest levels reported from
Hungary (60.7 %; N=697) and Italy (54.6 %; N=183) (Table SA5). The proportions of isolates susceptible to
all and resistant (or non-susceptible) to any one up to 10 antimicrobials are presented by MSs in Figure SA6.
The proportions differed substantially between countries. Isolates resistant to as many as seven or eight
antimicrobials were reported from all 12 MSs, and four MSs (Austria, Denmark, Italy and the United
Kingdom) even reported a few isolates resistant to nine or all 10 antimicrobials. The serotypes of those
isolates resistant to nine or ten antimicrobials included S. Bovismorbificans, S. Concord, S. Haifa,
S. Kentucky, S. Newport, S. Typhimurium, monophasic S. Typhimurium and S. Virchow.

Few isolates exhibited co-resistance to both ciprofloxacin and cefotaxime at the EU level (0.3 %; N=17,833)
(Table SA6). The highest co-resistance was observed in isolates from Denmark (1.3 %; N=1,148). It should
be noted however that Denmark used ECOFFs as interpretive criteria, which are more sensitive, in particular
for ciprofloxacin (see Figure SA1).

Table SA5. Complete susceptibility, multi-resistance and co-resistance (non-susceptibility) to
ciprofloxacin and cefotaxime as determined by clinical breakpoints® in Salmonella spp. from humans
by MS, 2011

Co-resistant to

Country Susceptible to all (%) Multi-resistant (%) CIP and CTX (%)
Austria (N=2,235) 73.0 14.4 0.1
Denmark® (N=1,148) 52.7 26.9 1.3
Estonia (N=209) 78.9 6.2 0
Hungary (N=697) 171 60.7 0
Ireland (N=304) 53.6 31.9 0
Italy (N=183) 42.1 54.6 0.5
Lithuania (N=914) 70.5 9.3 0
Luxembourg (N=122) 48.4 35.2 0
Romania (N=281) 27.8 35.9 0
Slovenia (N=400) 70.5 12.0 0
Spain (N=2,102) 35.0 327 0
United Kingdom (N=9,238) 58.0 224 0.4
Total (12 MSs) (N=17,833) 55.6 24.1 0.3

N = total number of isolates tested for susceptibility against the whole common antimicrobial set for Salmonella.
CIP = ciprofloxacin; CTX = cefotaxime.
Susceptible to all = proportion of isolates clinically susceptible to all antimicrobial substances of the ECDC common set for Salmonella.

Multi-resistant = proportion of isolates clinically non-susceptible (resistant and intermediate) to at least three different antimicrobial
substances belonging to any three antimicrobial families from the ECDC common antimicrobial set for Salmonella.

Co-resistant to CIP and CTX = proportion of isolates clinically non-susceptible to both ciprofloxacin and cefotaxime.
1. Denmark used ECOFFs for interpreting AST results.
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Figure SA6. Frequency distribution of Salmonella spp. isolates completely susceptible or resistant
to 1 to 10 antimicrobials, as determined by clinical breakpoints, from humans by MS, 2011
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N = total number of isolates tested for susceptibility against the whole common set of antimicrobial substances for Salmonella.
Susceptible = total number of isolates susceptible to all antimicrobial substances of the common set for Salmonella.

resl/res10 = total number of isolates non-suscpetible (resistant and intermediate) to between 1 and 10 antimicrobial substances of the
common set for Salmonella.

* Denmark used ECOFFs for interpreting AST results.
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3.3.5. Antimicrobial resistance in Salmonella isolates from humans by geographical region

In 2011, overall, the proportion of isolates tested for any antimicrobial among salmonellosis cases reported
as imported (from other EU/EEA countries or outside of EU/EEA) was higher than in cases reported as
domestically acquired (62.5 % versus 20.9 % in reporting countries, unknown importation status excluded).
Varying levels of resistance were observed among Salmonella spp. infections acquired from different
geographical regions around the world.*? Data were submitted on 210 isolates from infections acquired in six
geographical regions (EU/EEA, non-EU/EEA, Africa, Asia, Northern and Central America, and Southern
America). Only for infections acquired in Oceania were an insufficient number of isolates tested (Table SAB).

For all antimicrobials, isolates acquired in Europe contributed to at least 75 % of the isolates tested. Isolates
acquired within EU/EEA countries had a much greater level of resistance to both streptomycin (24.6 %;
N=11,523) and ampicillin (27.8 %; N=12,619) than isolates acquired in other regions (Table SA15). Isolates
acquired from Asia exhibited the highest level of resistance to six antimicrobials, most notably to
ciprofloxacin (31.1 %; N=913), nalidixic acid (30.0 %; N=908) and tetracyclines (33.2 %; N=889). Infections
acquired in South America exhibited the highest level of resistance to cefotaxime (4.3 %; N=23), although
only a few isolates were tested (Table SAB6).

12 Regional classification from United Nations Statistical Division http://unstats.un.org/unsd/methods/m49/m49regin.htm
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Table SA6. Antimicrobial resistance in Salmonella spp. (all non-typhoidal serovars) from humans by geographical region in 2011, using clinical
breakpoints, with some exceptions®

Ampicillin Cefotaxime Chloramphenicol Gentamicin

Ciprofloxacin

Kanamycin

Country

Europe (EU/EEA countries) 12,619 27.8 11,739 0.8 9,757 6.2 12,342 5.0 11,805 4.2 10,462 1.2
Europe (non-EU/EEA countries) 33 21.2 29 0 29 0 33 12.1 28 0 28 0
Africa 1,028 12.4 1,013 0.9 1,009 4.7 1,034 19.1 1,017 5.6 948 1.2
Asia 910 20.1 904 2.3 897 7.1 913 31.1 906 7.1 875 5.9
North and Central America 158 3.8 157 1.9 156 3.8 158 11.4 157 0.6 155 1.3
South America 23 8.7 23 4.3 21 4.8 23 17.4 23 8.7 20 20.0
Oceania 7 NA 6 NA 6 NA 6 NA 6 NA 5 NA

Country
Europe (EU/EEA countries) 11,611 13.2 11,523 24.6 9,416 20.7 9,985 27.4 10,766 4.0
Europe (non-EU/EEA countries) 31 16.1 29 13.8 26 7.7 29 10.3 27 0
Africa 1,021 19.8 1,011 5.4 999 14.9 1,001 175 974 7.5
Asia 908 30.0 904 5.4 889 29.6 889 33.2 887 175
North and Central America 157 115 157 1.9 156 7.7 156 10.9 156 3.8
South America 23 26.1 23 4.3 21 28.6 21 28.6 20 10.0
Oceania 6 NA 6 NA 6 NA 6 NA 5 NA

N = number of isolates tested.

% Res = percentage of resistant isolates.

NA = not applicable, if less than 10 isolates were tested resistance was not calculated.
1. ECOFFs were used for interpretation in the Netherlands and Denmark.
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3.4. Antimicrobial resistance in Salmonella isolates from animals and food

Twenty MSs and one non-MS (Norway) reported quantitative MIC data on the antimicrobial resistance of
Salmonella isolates recovered from animals and food in 2011. The MSs reporting either MIC or 1ZD data, for
each animal or food category, are listed in Tables SA1l, SA7 and SA8. The results of 97,602 MIC
susceptibility tests performed on the Salmonella isolates were included in the analyses, as well as those of
11,441 disc diffusion tests. As quantitative 1ZD data constitute a relatively small percentage (12 %) of the
total data available, these data have therefore been analysed as qualitative data only. The susceptibility test
results for Salmonella isolates reported as qualitative data are presented in Appendix 1.

The antimicrobials selected by the different MSs and non-MSs for susceptibility testing of Salmonella are
shown in Chapter 11, Materials and Methods, Table MM4. In this chapter, resistance to ampicillin,
cefotaxime, ciprofloxacin, chloramphenicol, gentamicin, nalidixic acid, streptomycin, sulfonamides and
tetracyclines has been analysed in detail in line with the antimicrobials listed in the EFSA monitoring and
reporting specifications for antimicrobial resistance in Salmonella (EFSA, 2007).

In this report, antimicrobial resistance data for all reported Salmonella isolates were collated to generate a
figure for Salmonella spp. (covering all reported serovars) for each country, year and animal/food category.
In addition, the Salmonella serovars that are most prevalent and significant for public health, S. Enteritidis
and S. Typhimurium, were reported separately when sufficient quantitative data were available from the
various animal/food categories.

Table SA7. Overview of countries reporting antimicrobial resistance data using MIC and disc
inhibition zones on Salmonella Typhimurium from various animal and food categories in 2011

Total number of

Method MSs reporting Countries
Gallus gallus (fowl) 4 MSs: AT, PL? RO, SI°
Turkeys 1 MS: PL?
Pigs 2 MSs: AT!, RO

Diffusion Meat from pig 1 MS: ES
Cattle (bovine animals) 3 MSs: ATY, IE?, LU!
Meat from pig 5 MSs: ATY, ES? LT NL®, PL?
Meat from bovine animals 5 MSs: ATl, ESZ, HU3, LU2, PL2

MSs: AT, DE, DK, ES, FR, GR, HU, IT,

Gallus gallus (fowl) 15 LV, NL, PL, PT, SE, SK, UK
Non-MS: NO
MSs: DE, DK, ES, FI, FR, HU, IE, SK,
Turkeys 9 UK
MSs: DE, DK, EE, ES, FI, HU, IE, IT, NL,
Pigs 11 SE, SK
Diluti Non-MS: NO
tion
fut ] ] MSs: DE, EE, ES, FI, IE, IT, NL, SE, SK
Cattle (bovine animals) 9
Non-MS: NO
Meat from broilers (Gallus gallus) 6 MSs: BE, DE, GR, IE, LV, PT
Meat from turkey 2 MSs: DE, FI
. MSs: BE, DE, DK, EE, HU, IE, IT, PT,
Meat from pig 10 RO, SK
Meat from bovine animals 5 MSs: DE, EE, FI, IE, RO

1. These data were submitted with no test method specified but are believed to have been tested by disc diffusion based on information
in the National Zoonoses Reports.

2. These data were submitted with no test method specified and this information could not be obtained from the National Zoonoses
Reports.

3. These data were submitted with the test method listed as dilution but no MIC distribution data were supplied.
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Table SA8. Overview of countries reporting antimicrobial resistance data using MIC and disc
inhibition zones on Salmonella Enteritidis from various animal and food categories in 2011

Total number of

Method MSs reporting Countries
Gallus gallus (fowl) 5 MSs: AT?, CY?, PL% RO, SIP
Turkeys 2 MSs: AT, PL?
Pigs 1 MS: RO
Diffusion Cattle (bovine animals) 1 MS: IE?
, MSs: HU®, NL, PL?
Meat from pig 3 1
Non-MS: IS
Meat from bovine animals 1 MS: Si®
Gallus gallus (fowl) 16 mSSITA-[VDELDPKLEIETESSKFI.IJKFR GR,
Turkeys 5 MSs: AT, DE, FR, HU, PT
Pigs 6 MSs: DE, DK, EE, ES, HU, IT
Dilution Cattle (bovine animals) 3 MSs: DE, IE, IT
Meat from broilers (Gallus gallus) 4 MSs: BE, DE, LV, RO
Meat from pig 2 MSs: IT, RO
Meat from bovine animals 1 MS: DE

1. These data were submitted with no test method specified but are believed to have been tested by disc diffusion based on information
in the National Zoonoses Reports.

2. These data were submitted with no test method specified and this information could not be obtained from the National Zoonoses
Reports.

3. These data were submitted with the test method listed as dilution but no MIC distribution data were supplied.

Whenever a country subjected fewer than 10 isolates to susceptibility testing for a given animal or food
category then these data were not included in any further analyses in this report. In addition, tables were
generated and analysis performed only if four or more countries tested and reported quantitative data for a
given Salmonella category and sampling origin.

Where the minimum criteria for detailed analysis were met, temporal trend graphs were generated showing
resistance to ampicillin, cefotaxime, chloramphenicol, ciprofloxacin, nalidixic acid and tetracyclines for
Salmonella isolates from animals and food over the 2005-2011 period, by plotting the level of resistance
against the year of sampling. Only countries which had reported data for four or more years in the 2005—
2011 period were included. Data from 2004 were excluded from the temporal trends graphs because of the
relative scarcity of data compared with the 2005-2011 period. Statistical analysis of the trend within
individual countries was performed using logistic regression when data were available for five or more years.

The spatial distributions of ampicillin, nalidixic acid and tetracycline resistance rates in Salmonella spp. from
Gallus gallus, turkeys, pigs and cattle are presented. For countries where resistance level figures for 2011
were not available, 2010 figures were used.

Where the minimum criteria for detailed analysis were met, multi-resistance was analysed in isolate-based
data on Salmonella isolates tested for the full hamonised set of antimicrobials (nine substances) belonging to
different classes. Multi-resistance was defined as the non-susceptibility to at least three different
antimicrobial classes. The proportions of isolates susceptible to all and resistant (non-susceptible) to any one
up to nine antimicrobials were presented. Co-resistance to cefotaxime and ciprofloxacin was estimated as
these two antimicrobials are of particular interest in human medicine in the case of treatment of severe
salmonellosis. Co-resistance was addressed using both ECOFFs (CTX >0.5 mg/L and CIP >0.06 mg/L) and
clinical breakpoints (CTX >2 mg/L and CIP >1 mg/L).

For further information on reported MIC distributions and number of resistant isolates for apramycin,
ceftazidime, ceftiofur, colistin, florfenicol, kanamycin, neomycin, spectinomycin, streptomycin and
trimethoprim, refer to the Level 3 tables published on the EFSA website.

EFSA Journal 2013;11(5):3196 44



~ efsam

Euvcﬁean Food Salcziﬂ Authority

<

C EU summary report on antimicrobial resistance in zoonatic and indicator bacteria
from humans, animals and food 2011

3.4.1. Antimicrobial resistance in Salmonella isolates from food

This section describes the MIC data for isolates of Salmonella spp. and S. Enteritidis from meat from
broilers, and Salmonella spp. and S. Typhimurium from meat from pigs. Additionally, eight MSs reported data
on meat from bovine animals in 2011. However, as only three MSs tested more than 10 isolates, the
corresponding data have not been included in the report.

3.4.1.1. Meat from broilers (Gallus gallus)

Quantitative MIC susceptibility data for isolates of Salmonella spp. from broiler meat from eight MSs in 2011
are included in the following analysis. Data for S. Typhimurium isolates are not presented separately for
meat from broilers as only one MS tested more than 10 isolates. Details of the sampling scheme used for
testing isolates from meat from broilers were submitted by some MSs. Belgium and Germany implement
monitoring programmes at slaughterhouses, cutting plants, meat processing plants and at retail. Romania
tests all Salmonella spp. strains isolated in foodstuffs derived from products of animal origin. The types of
samples tested by MSs include neck skin, minced meat and meat preparations.

Resistance levels in Salmonella spp.

Table SA9 describes the occurrence of resistance to selected antimicrobials in Salmonella spp. isolated from
broiler meat in MSs in 2011.

Considering data from the eight reporting MSs, resistance levels to ampicillin, sulfonamides and tetracyclines
were high at 20.6 %, 44.8 % and 43.7 % respectively. There was a substantial increase in the levels of
resistance to sulfonamides and tetracyclines when compared with the levels reported by a similar group of
MSs in 2010 (27 % and 20 % respectively). In 2011, resistance to these antimicrobials was highly variable
across the reporting MSs, ranging from 5.0 % to 48.9 % for ampicillin, from 5.0 % to 77.3 % for sulfonamides
and from 0 % to 81.2 % for tetracyclines. Resistance to chloramphenicol and gentamicin at the reporting MS
group level was 5.4 % and 1.6 % respectively. Resistance levels ranged from 0% to 20.3 % for
chloramphenicol and from 0 % to 10.0 % for gentamicin, with a number of MSs observing no resistance to
one or both of these antimicrobials.

Resistance to ciprofloxacin and nalidixic acid among reporting MSs was 50.1 % and 48.8 % respectively, and
was a considerable increase on the levels reported in 2010 (24 % for both antimicrobials). As in previous
years, the occurrence of resistance to each of these compounds was similar within MSs, and between
countries levels ranged from 0 % to 98.8 %. The overall level of resistance to cefotaxime across the reporting
MSs remained low in 2011 at 3.3 %. No resistance was observed in Greece, Hungary or Latvia, although
Greece and Latvia tested only a limited number of isolates. The Netherlands reported a high level of
resistance to cefotaxime of 31.9 %, which was an increase from the level of 11 % reported in 2010.

Resistance levels in Salmonella Enteritidis

Resistance among S. Enteritidis isolates from broiler meat in reporting MSs was generally lower than that
reported in Salmonella spp. As low numbers of isolates of S. Enteritidis (fewer than 10) were recovered from
meat from broilers in Romania, this country has been excluded from the detailed analysis, leaving only
Belgium, Germany and Latvia contributing to the analysis; thus, there are insufficient data to present a
specific table.

Belgium detected no resistance to gentamicin, chloramphenicol, nalidixic acid and cefotaxime. Resistance to
ampicillin, sulfonamides, tetracyclines and ciprofloxacin (1.8 % for each compound) was observed in a single
isolate of S. Enteritidis in meat from broilers. In both Germany and Latvia, no resistance was detected to
ampicillin, cefotaxime, chloramphenicol, gentamicin, sulfonamides or tetracyclines. Resistance was detected
against ciprofloxacin and nalidixic acid in both countries. Four isolates (25.0 %) were resistant to both
antimicrobials in Germany, whilst three isolates (15.8 %) were resistant to both antimicrobials in Latvia.

Multi-resistance among Salmonella isolates from meat from broilers

As fewer than four MSs reported isolate-based resistance data on more than 10 isolates of Salmonella spp.
in meat from broilers, multi-resistance analysis was not presented.
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Table SA9. Resistance (%) to ampicillin, cefotaxime, chloramphenicol, ciprofloxacin, gentamicin, nalidixic acid, sulfonamides and tetracyclines among
Salmonella spp. from meat from broilers in MSs reporting MIC data in 2011, using harmonised epidemiological cut-off values

Ampicillin Cefotaxime Chloramphenicol Ciprofloxacin Gentamicin Nalidixic acid Sulfonamides Tetracyclines

Country N % Res N % Res N % Res N % Res N % Res N % Res N % Res N % Res
Belgium 253 28.1 256 1.6 256 0 254 11.0 256 0 256 10.9 256 33.6 256 15.2
Germany 145 13.8 145 2.8 145 4.1 145 31.0 145 2.1 145 30.3 145 27.6 145 22.1
Greece 10 10.0 10 0 10 0 10 0 10 10.0 10 0 10 10.0 10 0
Hungary 170 9.4 170 0 170 1.2 170 98.2 170 1.8 170 98.8 37 75.7 170 81.2
Ireland a7 17.0 47 8.5 a7 0 a7 12.8 47 0 a7 12.8 a7 23.4 a7 23.4
Latvia 20 5.0 20 0 20 5.0 20 20.0 20 0 20 20.0 20 5.0 20 5.0
Netherlands a7 48.9 a7 31.9 a7 6.4 a7 70.2 a7 0 a7 66.0 a7 61.7 a7 46.8
Romania 172 22.1 172 1.2 172 20.3 172 87.2 172 4.1 172 82.6 172 77.3 172 79.1
Total (8 MSs) 864 20.6 867 3.3 867 5.4 865 50.1 867 1.6 867 48.8 734 44.8 867 43.7

N = number of isolates tested.
% Res = percentage of resistant isolates.
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3.4.1.2. Meat from pigs

Ten MSs reported quantitative MIC data for Salmonella spp. from pig meat in 2011. Data for S. Enteritidis
isolates are not presented separately for meat from pigs as none of the MSs reporting data tested more than
10 isolates. Tables SA10 and SA11 present the level of resistance to selected antimicrobials for Salmonella
spp. and S. Typhimurium isolates. Monitoring and surveillance programmes for Salmonella spp. in meat from
pigs at slaughter are in place in Belgium, Denmark and Estonia, while passive surveillance of diagnostic
submissions takes place in Germany and Italy. Sample types collected by MSs at slaughterhouses consisted
of carcass swabs. Belgium and Estonia tested minced meat and other meat preparations (e.g. ham,
sausages and paté) at meat processing plants and at retail.

Resistance levels in Salmonella spp.

Among the 10 reporting MSs, Salmonella spp. isolated from pig meat displayed very high levels of resistance
to ampicillin, sulfonamides and tetracyclines (56.2 %, 54.5 % and 52.8 %, respectively). Within the reporting
group, the occurrence of resistance to ampicillin and sulfonamides ranged from high to extremely high
across the MSs, varying from 22.7 % to 82.4 % and from 25.0 % to 71.4 %, respectively. Six of the 10
reporting MSs reported resistance to tetracyclines in at least 60.0 % of isolates. Chloramphenicol resistance
remained moderate, at 13.7 %, for all reporting MSs, and ranged from 4.3 % to 26.7 % across the reporting
MSs. Overall, gentamicin resistance was 1.4 % in the reporting group of MSs; it was not detected in five MSs
and ranged between 1.1 % and 8.3 % in the other five reporting MSs.

The proportion of Salmonella spp. isolates resistant to ciprofloxacin and nalidixic acid among the reporting
MSs was similar to that reported in 2011-7.4 % and 6.1 % respectively compared with 5 % and 4 % in 2010.
Once again, Denmark and Estonia reported no resistance to either ciprofloxacin or nalidixic acid. Hungary
reported no resistance to nalidixic acid but a low level of resistance to ciprofloxacin. Among countries that did
observe resistance to these two antimicrobials the level of resistance ranged from low to high, at 2.5 % to
21.8 %. The occurrence of resistance to cefotaxime among all reporting MSs was very low, at 0.9 %. Four of
the 10 reporting MSs reported resistance to cefotaxime in Salmonella spp. isolates from pig meat at levels
ranging from 0.4 % to 8.3 %.

Resistance levels in Salmonella Typhimurium

Seven MSs reported quantitative MIC data for S. Typhimurium isolates from pig meat in 2011. For most
antimicrobials, resistance levels were higher than the levels reported in Salmonella spp. isolates from pig
meat. The level of resistance to ampicillin was extremely high across all reporting MSs, at 74.4 %, ranging
from 58.3 % in Italy to 90.0 % in Germany. Resistance to sulfonamides, tetracyclines and chloramphenicol
were high, at 62.4 %, 59.2 % and 24.0 %, respectively. Fairly wide ranges in the level of resistance in
individual reporting MSs were observed for sulfonamides and tetracyclines (from 53.4 % to 85.0 % and from
41.7 % to 82.5 % respectively). Overall resistance to gentamicin was very low in the reporting MS group
(0.8 %) and, as in 2010, reporting MSs did not detect resistance to cefotaxime.

Similar levels of resistance to ciprofloxacin and nalidixic acid were observed among isolates within individual
MSs. Among all reporting MSs, the occurrence of resistance to ciprofloxacin was 8.0 % and to nalidixic acid
was 6.4 %. The levels of resistance to these compounds varied from 1.9 % to 33.3 % among reporting MSs.
For the fifth consecutive year, Denmark reported no resistance to ciprofloxacin or nalidixic acid. Among
Salmonella spp. isolates from pig meat, Hungary reported no resistance to nalidixic acid.
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Table SA10. Resistance (%) to ampicillin, cefotaxime, chloramphenicol, ciprofloxacin, gentamicin, nalidixic acid, sulfonamides and tetracyclines among
Salmonella spp. isolates from meat from pigs in MSs reporting MIC data in 2011, using harmonised epidemiological cut-off values

GaITLigy Ampicillin Cefotaxime Chloramphenicol = Ciprofloxacin Gentamicin Nalidixic acid Sulfonamides \ Tetracyclines \

N % Res N % Res N % Res N % Res N % Res N % Res N % Res N % Res
Belgium 244 67.6 244 0.4 244 115 244 4.1 244 0 244 2.5 244 48.0 244 36.1
Denmark 49 71.4 49 0 49 10.2 49 0 49 0 49 0 49 67.3 49 65.3
Estonia 22 22.7 22 0 22 4.3 22 0 22 0 22 0 22 27.3 22 27.3
Germany 115 56.5 115 2.6 115 12.2 115 6.1 115 2.6 115 5.2 115 63.5 115 59.1
Hungary 17 82.4 17 0 17 235 17 5.9 17 0 17 0 14 71.4 17 64.7
Ireland 139 48.9 139 0 139 18.7 139 4.3 139 1.4 139 2.9 139 64.0 139 64.7
Italy 67 40.3 67 3.0 67 9.0 67 14.9 67 6.0 67 16.4 67 44.8 67 61.2
Netherlands 15 53.3 15 0 15 26.7 15 20.0 15 0 15 20.0 15 53.3 15 60.0
Portugal 12 50.0 12 8.3 12 25.0 12 8.3 12 8.3 12 8.3 12 25.0 12 66.7
Romania 87 43.7 87 0 87 16.1 87 21.8 88 1.1 87 18.4 86 54.7 87 59.8
Total (10 MSs) 767 56.2 767 0.9 767 13.7 767 7.4 768 1.4 767 6.1 763 545 767 52.8

N = number of isolates tested.
% Res = percentage of resistant isolates.

Table SA11. Resistance (%) to ampicillin, cefotaxime, chloramphenicol, ciprofloxacin, gentamicin, nalidixic acid, sulfonamides and tetracyclines among
Salmonella Typhimurium isolates from meat from pigs in MSs reporting MIC data in 2011, using harmonised epidemiological cut-off values

SRy Ampicillin Cefotaxime Chloramphenicol Ciprofloxacin Gentamicin Nalidixic acid Sulfonamides Tetracyclines

N % Res N % Res N % Res N % Res N % Res N % Res N % Res N % Res
Belgium 103 78.6 103 0 103 13.6 103 3.9 103 0 103 1.9 103 53.4 103 41.7
Denmark 28 60.7 28 0 28 17.9 28 0 28 0 28 0 28 60.7 28 50.0
Germany 20 90.0 20 0 20 40.0 20 10.0 20 0 20 10.0 20 85.0 20 75.0
Hungary 12 75.0 12 0 12 33.3 12 8.3 12 0 12 0 - - 12 58.3
Ireland 57 70.2 57 0 57 38.6 57 7.0 57 1.8 57 7.0 57 82.5 57 82.5
Italy 12 58.3 12 0 12 16.7 12 25.0 12 8.3 12 33.3 12 58.3 12 75.0
Romania 18 77.8 18 0 18 27.8 18 33.3 18 0 18 22.2 18 72.2 18 72.2
Total (7 MSs) 250 74.4 250 0 250 24.0 250 8.0 250 0.8 250 6.4 250 62.4 250 59.2

N = number of isolates tested.
% Res = percentage of resistant isolates.
— = no data reported.
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Multi-resistance among Salmonella spp. isolates from meat from pigs

In 2011, five MSs provided isolate-based data concerning resistance in Salmonella spp. in meat from pigs.
Among the reporting MSs, isolates exhibiting complete susceptibility accounted for about 20 % to 25 % of the
isolates tested and this figure reached above 70 % in Estonia, although, in this case, the complete
susceptibility level was assessed on an isolate sample of small size. The multi-resistance levels ranged
between 27.3 % in Estonia and 65.3 % in Denmark (Table SA12).The frequency distributions (Figure SA7)
showed similarities among the multi-resistance recorded in three reporting MSs, with some isolates showing
reduced susceptibility to up to eight different substances, while Denmark and Estonia recorded multi-
resistance to five classes at a maximum. Very few isolates were resistant to both ciprofloxacin and
cefotaxime.

Table SA12. Complete susceptibility, multi-resistance and index of diversity in Salmonella spp. from
meat from pigs in MSs reporting isolate-based data, 2011

Susceptible to all Multi-resistant Index of Cg[;e;zt?;)t(o

Country

% % diversity n %
Denmark (N=49) 9 18.4 32 65.3 0.372 0 (0) 0 (0)
Estonia (N=22) 16 72.7 6 27.3 0.259 0 (0 0 (0)
Germany (N=115) 29 252 71 61.7 0.451 0 (0) 0 (0
Ireland (N=139) 37 26.6 83 59.7 0.552 0 (0 0 (0)
Italy (N=67) 18 26.9 30 44.8 0.525 2 (0) 3.0 (0)

N = total number of isolates tested for susceptibility against the whole EFSA antimicrobial set for Salmonella.

n = number of isolates per category of complete susceptibility or multiple resistance.

Susceptible to all = isolate susceptible to all antimicrobial substances of the EFSA common set for Salmonella.

Multi-resistant = resistant to at least three different antimicrobial substances, belonging to any three classes from the common set.
Index of diversity = see definition in Section 11.4.2.1 of Materials and Methods.

Co-resistant to ciprofloxacin (CIP) and cefotaxime (CTX) = the frequencies and percentages of Salmonella isolates not susceptible to
concentrations greater than ECOFFs (CTX: >0.5 mg/L and CIP: >0.06 mg/L). Figures in parentheses indicate the occurrence of
resistance determined using EUCAST clinical breakpoints (CTX: >2 mg/L and CIP: >1 mg/L).

Figure SA7. Frequency distribution of Salmonella spp. in meat from pigs completely susceptible or
resistant to one to nine antimicrobials, in in MSs reporting isolate-based data, 2011
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N = total number of isolates tested for susceptibility against the whole common set of antimicrobial substances.
Susceptible = susceptible to all antimicrobial substances of the common set.
resl/res9 = resistance to one antimicrobial substance/resistance to nine antimicrobial substances of the common set.
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3.4.2. Antimicrobial resistance in Salmonella isolates from animals

3.4.2.1. Fowl (Gallus gallus)

A new feature of this section in 2011 is that data from broiler flocks and laying hens have been presented
separately. As in previous years, an overview of all data including breeding, laying hen and broiler flocks, as
well as unspecified flocks of Gallus gallus, is also presented. In 2011, 16 MSs submitted quantitative
antimicrobial susceptibility data for Salmonella spp. from Gallus gallus. In the majority of MSs, isolates for
antimicrobial resistance testing are obtained from national control programmes carried out according to EC
regulations. In Greece no official national programme is in force and isolates are obtained from faecal
samples from broilers before slaughter and laying hens during rearing, and from eggshells from breeding
flocks at the hatchery. In Latvia isolates were obtained from faecal samples from broilers before slaughter
and from laying hens at farm.

Resistance levels in Salmonella spp.

Table SA13 shows the level of resistance to antimicrobials among isolates of Salmonella spp. from
Gallus gallus in 2011. There was moderate resistance to ampicillin and tetracyclines in the reporting MS
group (18.9% and 17.8 %, respectively) and the reported levels varied between 2.6 % and 39.5 % for
ampicillin and 2.4 % and 57.4 % for tetracyclines across the 16 reporting countries. Sulfonamide resistance
was high at 25.3 % and ranged from 4.6 % to 55.8 % across the 16 reporting MSs. A low level of resistance
to chloramphenicol was reported at MS group level (2.3 %) and reported levels ranged from 0 % to 6.6 %
between countries. Considering the reporting MS group, the occurrence of resistance to ciprofloxacin was
28.7 % and to nalidixic acid was 27.9 %. The level of resistance to both antimicrobials within individual MSs
ranged widely, from 0 % to 63.5 %. As previously observed, there was considerable disparity in resistance to
ciprofloxacin and nalidixic acid among Salmonella isolates from different MSs, which may reflect the
variability of serovars of Salmonella spp. included in the analyses of the different MSs. Gentamicin
resistance was detected at a low level of 0.3 % to 4.5 % across the reporting MSs, and not detected at all by
Denmark, France, Greece and Latvia. The overall occurrence of resistance considering all reporting MSs
was 1.5 %. Cefotaxime resistance was reported by 9 of the 15 reporting MSs and varied from at 0.7 % to
10.0 %, with an overall resistance at MS group level of 1.5 %. The highest level of resistance to cefotaxime
was reported by the Netherlands (10.0 %), which saw a return to a similar level to that reported in 2009
(12 %) following a decrease to 5 % in 2010.

Resistance among isolates of Salmonella spp. from broiler flocks is presented in Table SA14. Thirteen MSs
reported quantitative data from broilers in 2011, and in general the levels of resistance at this production
level were slightly higher than those reported when all Gallus gallus were considered. There was moderate
resistance to ampicillin at the MS group level (18.0 %) and the levels reported by individual MSs ranged from
4.8 % to 42.7 %. Resistance to sulfonamides and tetracyclines was high at 38.0 % and 31.0 % respectively,
and ranged from 4.8 % to 73.4 % for sulfonamides and from 3.2 % to 70.4 % for tetracyclines. Low levels of
resistance were reported for chloramphenicol (2.7 %) and gentamicin (1.6 %) and these ranged from 0 % to
7.4 %, and from 0 % to 10.0 % respectively. The occurrence of resistance to ciprofloxacin and nalidixic acid
was high at the MS group level (35.1 % and 33.4 % respectively). Denmark observed no resistance to both
compounds, while, in the remaining 12 MSs, resistance to both compounds ranged from 1.6 % to 82.8 %.
Cefotaxime resistance was observed by 9 of the 13 reporting MSs with an overall level of 2.8 %. The
Netherlands reported the highest level of resistance (16.5 %) with the remaining reported levels ranging from
0.6 % to 5.6 %.

Table SA15 describes the resistance among isolates of Salmonella spp. from laying hens. Twelve MSs
reported quantitative data from laying hens in 2011, and in contrast to the data from broilers, the levels of
resistance at this production level were lower than those reported when all Gallus gallus were considered.
Low levels of resistance to ampicillin and sulfonamides were reported at the MS group level (7.1 % and
9.1 % respectively) and the levels reported by individual MSs ranged from 0 % to 21.6 % for ampicillin, and
from 0 % to 27.5 % for sulfonamides. Moderate resistance to tetracyclines was observed across all reporting
MSs (11.6 %), and this ranged from 0 % to 29.4 %. Low levels of resistance to chloramphenicol (1.8 %) and
gentamicin (1.1 %) were reported at the MS group level, and ranged from 0 % to 7.8 % and from 0 % to
5.0 %, respectively. Moderate resistance to ciprofloxacin and nalidixic acid was reported at the MS group
level (12.7 % and 12.4 % respectively). France, Latvia, Slovakia and the United Kingdom observed no
resistance to both compounds, while in the remaining eight MSs resistance to both compounds ranged from
3.9% to 26.5%. Cefotaxime resistance was observed only by Hungary, Italy and the United Kingdom
making the overall resistance at MS group level 0.4 %.
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Table SA13. Resistance (%) to ampicillin, cefotaxime, chloramphenicol, ciprofloxacin, gentamicin, nalidixic acid, sulfonamides and tetracyclines among
Salmonella spp. isolates from Gallus gallus in MSs reporting MIC data in 2011, using harmonised epidemiological cut-off values

GaITLigy Ampicillin Cefotaxime Chloramphenicol = Ciprofloxacin Gentamicin \ Nalidixic acid \ Sulfonamides \ Tetracyclines
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% Res N % Res N % Res N % Res N % Res
Austria 176 10.8 176 1.1 176 0 176 26.7 176 0.6 176 26.1 176 21.6 176 28.4
Belgium 755 39.5 - - 756 3.2 755 334 756 2.0 755 334 722 36.8 756 15.5
Denmark 48 14.6 48 0 48 0 48 0 48 0 48 0 48 12.5 48 12.5
France 326 13.8 326 0 326 2.1 326 2.1 326 0 326 2.1 326 20.2 326 15.6
Germany 291 12.0 291 0.7 291 2.4 291 7.9 291 0.7 291 8.2 291 17.2 291 8.9
Greece 38 2.6 48 2.1 48 0 48 22.9 48 0 48 12.5 48 8.3 46 6.5
Hungary 249 5.6 249 2.0 249 4.8 249 63.5 249 2.0 249 61.8 249 55.8 249 534
Ireland 65 4.6 65 1.5 65 0 65 1.5 65 1.5 65 1.5 65 4.6 65 3.1
Italy 198 26.3 199 35 198 6.6 199 24.1 198 4.5 198 23.7 198 16.7 198 23.2
Latvia 12 8.3 12 0 12 0 12 0 12 0 12 0 12 16.7 12 8.3
Netherlands 180 26.7 180 10.0 180 0.6 180 25.6 180 1.1 180 25.0 180 32.8 180 16.7
Poland 340 10.9 340 0 333 0.3 340 51.2 340 0.3 339 49.3 340 8.2 340 2.4
Portugal 170 13.5 170 1.2 170 1.2 170 46.5 170 1.2 170 43.5 170 11.8 170 8.8
Slovakia 54 11.1 54 0 54 0 54 55.6 54 3.7 54 55.6 54 53.7 54 57.4
Spain 220 10.0 220 0 220 0.9 220 35.0 220 2.7 220 33.2 220 9.1 220 10.9
United Kingdom 221 9.0 221 0.9 221 3.6 221 4.5 221 1.4 221 4.1 221 35.3 221 24.9
Total (16 MSs) 3,343 18.9 2,599 1.5 3,347 2.3 3,354 28.7 3,354 1.5 3,352 27.9 3,320 25.3 3,352 17.8

N = number of isolates tested.
% Res = percentage of resistant isolates.
- = no data reported.
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Table SA14. Resistance (%) to ampicillin, cefotaxime, chloramphenicol, ciprofloxacin, gentamicin, nalidixic acid, sulfonamides and tetracyclines among
Salmonella spp. isolates from broilers in MSs reporting MIC data in 2011, using harmonised epidemiological cut-off values

Sy Cefotaxime Chloramphenicol  Ciprofloxacin Gentamicin \ Nalidixic acid \ Sulfonamides \ Tetracyclines

N % Res N % Res N % Res N % Res N % Res N % Res N % Res N % Res
Austria 90 18.9 90 2.2 90 0 90 46.7 90 0 90 46.7 90 40.0 90 51.1
Denmark 43 14.0 43 0 43 0 43 0 43 0 43 0 43 9.3 43 11.6
France 160 21.3 160 0 160 2.5 160 4.4 160 0 160 4.4 160 33.8 160 18.8
Germany 39 231 39 2.6 39 51 39 17.9 39 0 39 17.9 39 28.2 39 12.8
Greece 15 6.7 25 4.0 25 0 25 24.0 25 0 25 12.0 25 8.0 24 4.2
Hungary 169 7.1 169 1.8 169 6.5 169 82.8 169 0.6 169 79.9 169 73.4 169 70.4
Ireland 63 4.8 63 1.6 63 0 63 1.6 63 1.6 63 1.6 63 4.8 63 3.2
Italy 54 315 54 5.6 54 7.4 54 27.8 54 5.6 54 25.9 54 20.4 54 35.2
Netherlands 103 42.7 103 16.5 103 1.0 103 37.9 103 1.9 103 36.9 103 51.5 103 25.2
Portugal 100 23.0 100 2.0 100 2.0 100 62.0 100 2.0 100 57.0 100 18.0 100 11.0
Slovakia 44 11.4 44 0 44 0 44 68.2 44 4.5 44 68.2 44 65.9 44 68.2
Spain 40 325 40 0 40 5.0 40 67.5 40 10.0 40 60.0 40 225 40 17.5
United Kingdom 170 7.1 170 0.6 170 2.4 170 5.9 170 1.8 170 5.3 170 37.6 170 235
Total (13 MSs) 1,090 18.0 1,100 2.8 1,100 2.7 1,100 35.1 1,100 1.6 1,100 334 1,100 38.0 1,099 31.0

N = number of isolates tested.
% Res = percentage of resistant isolates.
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Table SA15. Resistance (%) to ampicillin, cefotaxime, chloramphenicol, ciprofloxacin, gentamicin, nalidixic acid, sulfonamides and tetracyclines among
Salmonella spp. isolates from laying hens in MSs reporting MIC data in 2011, using harmonised epidemiological cut-off values

STy |  Ampicillin Cefotaxime Chloramphenicol  Ciprofloxacin Gentamicin Nalidixic acid Sulfonamides Tetracyclines

N % Res N % Res N % Res N % Res N % Res N % Res N % Res N % Res
Austria 86 23 86 0 86 0 86 5.8 86 1.2 86 4.7 86 2.3 86 4.7
France 166 6.6 166 0 166 1.8 166 0 166 0 166 0 166 7.2 166 12.7
Germany 103 9.7 103 0 103 1.9 103 3.9 103 1.0 103 3.9 103 10.7 103 9.7
Greece 18 0 18 0 18 0 18 22.2 18 0 18 16.7 18 11.1 17 11.8
Hungary 80 25 80 25 80 13 80 22.5 80 5.0 80 23.8 80 18.8 80 17.5
Italy 88 21.6 89 1.1 88 6.8 89 22.5 88 3.4 88 21.6 88 13.6 88 19.3
Latvia 10 0 10 0 10 0 10 0 10 0 10 0 10 0 10 0
Netherlands 67 45 67 0 67 0 67 7.5 67 0 67 7.5 67 6.0 67 45
Portugal 64 0 64 0 64 0 64 23.4 64 0 64 23.4 64 3.1 64 6.3
Slovakia 10 10.0 10 0 10 0 10 0 10 0 10 0 10 0 10 10.0
Spain 170 5.3 170 0 170 0 170 26.5 170 0.6 170 25.9 170 5.3 170 8.8
United Kingdom 51 15.7 51 2.0 51 7.8 51 0 51 0 51 0 51 275 51 29.4
Total (12 MSs) 913 7.1 914 0.4 913 1.8 914 12.7 913 1.1 913 12.4 913 9.1 912 11.6

N = number of isolates tested.
% Res = percentage of resistant isolates.
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Resistance levels in Salmonella Enteritidis

Susceptibility data on S. Enteritidis isolates from Gallus gallus were reported by 11 MSs in 2011
(Table SA16). The levels of resistance in the reporting MS group to ampicillin, sulfonamides and
tetracyclines were low at 5.5 %, 4.8 % and 2.5 % respectively. The occurrence of resistance to ampicillin
ranged from 3.1 % to 20.0 % among reporting MS, and no resistance to this antimicrobial was observed by
France, Germany, the Netherlands and Slovakia. A similar observation was made for sulfonamides,
resistance to which ranged from 0 % to 26.8 % across the reporting countries. Six countries did not detect
resistance to tetracyclines and among those that did, reported resistance ranged from 0.4 % to 26.8 %. As in
2010, resistance to chloramphenicol in 2011 was relatively rare among S. Enteritidis isolates in the reporting
MS group (0.3 %) and was detected only in isolates from Hungary and Poland. Hungary was the only
country to report gentamicin resistance, at a low level (3.1 %). In contrast to the other antimicrobials tested,
the occurrence of ciprofloxacin and nalidixic acid resistance in the reporting MSs was high at 30.8 % for both
compounds. This continues the overall increasing trend in resistance to these compounds observed in
recent years among isolates of S. Enteritidis from Gallus gallus. Once again, the levels of ciprofloxacin and
nalidixic acid resistance within each MS were generally very similar, as would be expected. The levels of
resistance to both antimicrobials varied from 0 % to 90.2 % among reporting MSs. In a similar pattern to the
data reported in 2010, the highest occurrence of ciprofloxacin and nalidixic acid resistance was reported by
Portugal (90.2 %), followed by Spain (65.7 %) and then Poland (47.4 % for ciprofloxacin and 46.9 % for
nalidixic acid). Resistance to cefotaxime in S. Enteritidis was reported only by Austria and Hungary in 2011,
making the overall resistance at MS group level very low at 0.6 %. Hungary was also the only country to
report resistance to gentamicin at a low level of 3.1 %. Germany and Slovakia did not observe resistance to
any of the antimicrobials tested.

Four MSs reported quantitative data on isolates of S. Enteritidis from broiler flocks in 2011 (Table SA16). In
the case of almost all antimicrobials tested, the levels of resistance among isolates were higher when
considering only broiler flocks than considering all Gallus gallus, although the overall number of isolates
tested was considerably lower. Germany and Slovakia did not observe resistance to any of the
antimicrobials tested, however they each tested only 10 isolates from broiler flocks. Among the four reporting
MSs, the overall resistance to ampicillin was low, at 9.4 %, and was only reported by Austria (26.7 %) and
Portugal (6.9 %). Within these two countries the level of resistance to sulfonamides and tetracyclines was
the same, with the overall level of resistance to each compound being 15.6 %. Portugal was the only country
to report resistance to ciprofloxacin and nalidixic acid among isolates of S. Enteritidis from broiler flocks. In
both cases, it observed an extremely high level of resistance (93.1 %). Austria was the only country to
observe resistance to cefotaxime, at the moderate level of 13.3 %. None of the reporting MSs observed
resistance to chloramphenicol or gentamicin.

Quantitative data on isolates of S. Enteritidis from laying hens were reported by seven MSs in 2011
(Table SA16). As for Salmonella spp., the levels of resistance among isolates from laying hens were
generally lower than those observed in broiler flocks, or when all Gallus gallus were considered together.
France and Germany did not observe resistance to any of the antimicrobials tested. The occurrence of
resistance to ampicillin, sulfonamides and tetracyclines was low across the reporting MSs (2.2 %, 1.9 % and
1.9 % respectively). Only three MSs observed resistance to ampicillin and sulfonamides with values varying
from 3.3 % to 21.4 %, and from 3.3 % to 14.3 % respectively. Tetracycline resistance was observed in
isolates from laying hens only in Italy (21.4 %) and Spain (3.4 %). Moderate levels of resistance to
ciprofloxacin and nalidixic acid were observed at the MSs group level (16.2 % and 16.7 % respectively). As
usually observed, the levels of resistance within each MS were generally very similar for the two compounds.
For both antimicrobials, reported resistance levels reported ranged from 0 % to 61.0 %. Hungary was the
only country to observe resistance to chloramphenicol (3.3 %), gentamicin (3.3 %) and cefotaxime (6.7 %).
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Table SA16. Resistance (%) to ampicillin, cefotaxime, chloramphenicol, ciprofloxacin, gentamicin, nalidixic acid, sulfonamides and tetracyclines among
Salmonella Enteritidis isolates from Gallus gallus in MSs reporting MIC data in 2011, using harmonised epidemiological cut-off values

SNy Ampicillin Cefotaxime Chloramphenicol  Ciprofloxacin Gentamicin \ Nalidixic acid Sulfonamides Tetracyclines
N % Res N % Res N % Res N % Res N % Res N % Res N % Res N % Res
All Gallus gallus
Austria 53 7.5 53 3.8 53 0 53 5.7 53 0 53 5.7 53 1.9 53 1.9
France 41 0 41 0 41 0 41 2.4 41 0 41 2.4 41 0 41 0
Germany 133 0 133 0 133 0 133 0 133 0 133 0 133 0 133 0
Greece - - 17 0 17 0 17 11.8 17 0 17 11.8 17 0 17 0
Hungary 32 3.1 32 6.3 32 3.1 32 9.4 32 3.1 32 125 32 3.1 32 0
Italy 15 20.0 16 0 15 0 16 6.3 15 0 15 6.7 15 13.3 15 20.0
Netherlands 31 0 31 0 31 0 31 6.5 31 0 31 6.5 31 3.2 31 0
Poland 274 9.5 274 0 274 0.4 274 47.4 274 0 273 46.9 274 6.2 274 0.4
Portugal 41 4.9 41 0 41 0 41 90.2 41 0 41 90.2 41 26.8 41 26.8
Slovakia 18 0 18 0 18 0 18 0 18 0 18 0 18 0 18 0
Spain 67 4.5 67 0 67 0 67 65.7 67 0 67 65.7 67 3.0 67 3.0
Total (11 MSs) 705 5.5 723 0.6 722 0.3 723 30.8 722 0.1 721 30.8 722 4.8 722 25
Broiler flocks
Austria 15 26.7 15 13.3 15 0 15 0 15 0 15 0 15 6.7 15 6.7
Germany 10 0 10 0 10 0 10 0 10 0 10 0 10 0 10 0
Portugal 29 6.9 29 0 29 0 29 93.1 29 0 29 93.1 29 31.0 29 31.0
Slovakia 10 0 10 0 10 0 10 0 10 0 10 0 10 0 10 0
Total (4 MSs) 64 9.4 64 3.1 64 0 64 42.2 64 0 64 42.2 64 15.6 64 15.6
Laying hens
Austria 38 0 38 0 38 0 38 7.9 38 0 38 7.9 38 0 38 0
France 39 0 39 0 39 0 39 0 39 0 39 0 39 0 39 0
Germany 64 0 64 0 64 0 64 0 64 0 64 0 64 0 64 0
Hungary 30 3.3 30 6.7 30 3.3 30 10.0 30 3.3 30 13.3 30 3.3 30 0
Italy 14 21.4 15 0 14 0 15 6.7 14 0 14 7.1 14 14.3 14 21.4
Netherlands 26 0 26 0 26 0 26 3.8 26 0 26 3.8 26 0 26 0
Spain 59 3.4 59 0 59 0 59 61.0 59 0 59 61.0 59 3.4 59 3.4
Total (7 MSs) 270 2.2 271 0.7 270 0.4 271 16.2 270 0.4 270 16.7 270 1.9 270 1.9

N = number of isolates tested.

% Res = percentage of resistant isolates.

- = no data reported.

Note: Data reported under 'All Gallus gallus' include that data which have been reported by production level.
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Resistance levels in Salmonella Typhimurium

Six MSs reported quantitative MIC antimicrobial susceptibility data for S. Typhimurium isolates from
Gallus gallus in 2011 (Table SA17). Only two MSs provided production level information with these data and
this has been indicated in the table footnotes. The overall level of resistance to ampicillin, sulfonamides and
tetracyclines in the reporting MS group was higher among S. Typhimurium isolates from Gallus gallus
(26.8 %, 33.9 % and 27.7 %, respectively), than in S. Enteritidis isolates and all Salmonella spp. isolates as
a whole. All MSs except Hungary reported resistance to ampicillin, and the prevalence ranged from 13.3 %
to 53.3 %. Overall resistance to sulfonamides and tetracyclines ranged from 10.0 % to 53.3 % and from
13.3 % to 46.7 %, respectively. At the reporting MS group level, the occurrence of resistance to ciprofloxacin
and nalidixic acid was 10.7 % and 9.8 %, respectively. Among individual MSs, the level of ciprofloxacin
resistance varied from 0 % in France, Germany, the Netherlands and the United Kingdom, to 73.3 % in
Poland. Similarly, the level of resistance to nalidixic acid among individual MSs varied from 0 % in France,
the Netherlands and the United Kingdom, to 53.3 % in Poland. Neither cefotaxime nor gentamicin resistance
was detected in S. Typhimurium isolates from any reporting MSs.
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Table SA17. Resistance (%) to ampicillin, cefotaxime, chloramphenicol, ciprofloxacin, gentamicin, nalidixic acid, sulfonamides and tetracyclines among
Salmonella Typhimurium isolates from Gallus gallus in MSs reporting MIC data in 2011, using harmonised epidemiological cut-off values

GEliLizy Ampicillin Cefotaxime Chloramphenicol = Ciprofloxacin Gentamicin Nalidixic acid Sulfonamides Tetracyclines

N % Res N % Res N % Res N % Res N % Res N % Res N % Res N % Res
France 33 36.4 33 0 33 15.2 33 0 33 0 33 0 33 39.4 33 36.4
Germany 29 17.2 29 0 29 13.8 29 0 29 0 29 6.9 29 34.5 29 13.8
Hungary 10 0 10 0 10 0 10 10.0 10 0 10 10.0 10 10.0 10 30.0
Netherlands® 15 13.3 15 0 15 6.7 15 0 15 0 15 0 15 20.0 15 13.3
Poland 15 53.3 15 0 0 0 15 73.3 15 0 15 53.3 15 53.3 15 46.7
United Kingdom 10 30.0 10 0 10 10.0 10 0 10 0 10 0 10 30.0 10 30.0
Total (6 MSs) 112 26.8 112 0 97 11.3 112 10.7 112 0 112 9.8 112 33.9 112 27.7

N = number of isolates tested.

% Res = percentage of resistant isolates.

1. Twenty-eight of the isolates tested by France were from laying hens.

2. Eleven of the isolates tested by the Netherlands were from broiler chickens.
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Temporal trends in resistance among Salmonella spp. isolates from Gallus gallus

Figures SA8-SA11 indicate how the level of resistance to selected antimicrobials in Salmonella spp. isolates
from Gallus gallus has changed over the period 2005-2011 in the MSs and non-MSs. It is important to note
that because some antimicrobial resistance is associated with particular serovars or clones within serovars,
fluctuations in the occurrence of resistance in Salmonella spp. isolates within a country may result from
changes in the proportions of different Salmonella serovars which contribute to the total numbers of
Salmonella spp. isolates tested.

For the majority of MSs, resistance to ampicillin increased slightly between 2010 and 2011, although
decreases were observed in the Netherlands, Poland and the United Kingdom. Across the seven years of
data, statistically significant increasing trends were observed in Austria, Germany and Poland, while
decreasing trends were observed in Italy and the Netherlands. Regarding tetracyclines, increasing trends
were observed in Austria and Germany for five or more years, and decreasing trends were observed in Italy,
the Netherlands and Spain.

The level of resistance to cefotaxime in Salmonella spp. was generally low, very low or absent in reporting
MSs between 2005 and 2011. A statistically significant decreasing trend for five or more years was observed
in Italy and Spain. Statistically significant increasing trends in resistance to ciprofloxacin and nalidixic acid
were registered in three MSs for five or more years over the 2005-2011 period. Spain observed a
statistically significant decreasing trend in resistance to both antimicrobials, while Italy and the Netherlands
observed a significant decrease in resistance to ciprofloxacin only.

All reporting MSs observed a similarity in their trends in resistance to ciprofloxacin and nalidixic acid among
isolates of S. Enteritidis from Gallus gallus. In most MSs there was little change in the trends reported in the
2005-2011 period. Statistically significant decreasing trends were observed in Germany and the Netherlands
for both substances, while a significant increasing trend was observed in Poland, also for both substances.

Figure SA8. Trends in ampicillin resistance in tested Salmonella spp. isolates from Gallus gallus in
reporting MSs, 2005-2011, quantitative data
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Note: Statistically significant increasing or decreasing trends for five or more years, as tested by a logistic regression model (p <0.05),
were observed in Austria (1), Germany (1), Italy (|), the Netherlands (]) and Poland (1).
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Figure SA9. Trends in cefotaxime resistance in tested Salmonella spp. isolates from Gallus gallus in
reporting MSs, 2005-2011, quantitative data
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Figure SA10. Trends in ciprofloxacin and nalidixic acid resistance in tested Salmonella spp. isolates
from Gallus gallus in reporting MSs, 2005-2011, quantitative data
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Note: A statistically significant increasing trend over five or more years, as tested by a logistic regression model (p <0.05), was observed
in Austria (1), Poland (1) and Slovakia (1) for both ciprofloxacin and nalidixic acid. A statistically significant decreasing trend was
observed for ciprofloxacin in Italy (|) and the Netherlands (|), and for both ciprofloxacin and nalidixic acid in Spain ().
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Figure SA11. Trends in tetracycline resistance in tested Salmonella spp. isolates from Gallus gallus
in reporting MSs, 2005-2011, quantitative data
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Note: Statistically significant increasing or decreasing trends for five or more years, as tested by a logistic regression model (p <0.05),
were observed in Austria (1), Germany (1), Italy ({), the Netherlands (|) and Spain (}).
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Temporal trends in resistance among S. Enteritidis isolates from Gallus gallus

Figure SA12. Trends in ciprofloxacin and nalidixic acid resistance in tested Salmonella Enteritidis

isolates from Gallus gallus in reporting MSs, 2005-2011, quantitative data
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Note: A statistically significant decreasing trend for five or more years, as tested by a logistic regression model (p <0.05), was observed
in Germany (|) and the Netherlands (]) for both ciprofloxacin and nalidixic acid. A statistically significant increasing trend was
observed in Poland (1) for both ciprofloxacin and nalidixic acid.
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Spatial distribution of resistance among Salmonella

Figures SA13-SA15 show the spatial distributions of ampicillin, nalidixic acid and tetracycline resistance in
Salmonella spp. isolated from Gallus gallus in 2011. Figures SA13 and SAL15 illustrate the variability in levels
of ampicillin and tetracycline resistance in Salmonella spp. across the EU and the absence of a clear spatial
distribution. Figure SA14 illustrates the continued absence, or low prevalence, of resistance to nalidixic acid
in Salmonella spp. in northern Europe, but high levels of resistance in southern and Eastern Europe.

Figure SA13. Spatial distribution of ampicillin resistance among Salmonella spp. from Gallus gallus

in countries reporting MIC data in 2011*
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Note: Percentages shown in this map refer to countries that reported quantitative MIC data for more than 10 isolates in 2011. When
quantitative 2011 data were not available, 2010 data have been used instead. The countries labelled as ‘qualitative data’
therefore include those reporting either 1ZD data, MIC data for fewer than 10 isolates, or purely qualitative data (as proportion of

resistant isolates).

1. For the Czech Republic, Slovenia and Sweden, 2010 data were used.
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Figure SA14. Spatial distribution of nalidixic acid resistance among Salmonella spp. from
Gallus gallus in countries reporting MIC data in 2011"
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Note: Percentages shown in this map refer to countries that reported quantitative MIC data for more than 10 isolates in 2011. When
quantitative 2011 data were not available, 2010 data have been used instead. The countries labelled as ‘qualitative data’
therefore include those reporting either 1ZD data, MIC data for fewer than 10 isolates, or purely qualitative data (as proportion of
resistant isolates).

1. For the Czech Republic, Slovenia and Sweden, 2010 data were used.
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Figure SA15. Spatial distribution of tetracycline resistance among Salmonellaspp. from
Gallus gallus in countries reporting MIC data in 2011"
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Note: Percentages shown in this map refer to countries that reported quantitative MIC data for more than 10 isolates in 2011. When
quantitative 2011 data were not available, 2010 data have been used instead.

1. For the Czech Republic, Slovenia and Sweden, 2010 data were used.

Multi-resistance among Salmonella spp. isolates from broilers of Gallus gallus

In 2011, eight MSs reported isolate-based data on resistance in Salmonella spp. from broiler flocks. Among
the reporting MSs, more than 40 % of the isolates tested were susceptible to all nine antimicrobials;
complete susceptibility varied from 43.3 % in Austria to 90.5 % in Ireland. The only exception was Spain,
which reported a level of complete susceptibility of 20 %. Multi-resistance levels were low in Ireland (3.2 %)
and Denmark (7.0 %), while in the remaining reporting MSs they were high reaching 37 % in Italy and 50 %
in Austria (Table SA18). Similarities among the multi-resistance distributions (Figure SA16) were observed in
France and Germany with some isolates showing reduced susceptibility to up to six and seven different
substances, respectively. Although Austria and Italy reported similar levels of complete-susceptibility, Austria
recorded higher proportions of isolates exhibiting reduced susceptibility to one or two classes, while Italy
detected isolates showing reduced susceptibility to eight different substances. These differences in
frequency distributions results in values of the index of diversity (weighted entropy) of 0.319 and 0.487 in
Austria and lItaly, respectively (Table SA18). Diversity in the structure of the frequency distributions of
resistant isolates is also summarised in Table SA18. Very few isolates were resistant to both ciprofloxacin
and cefotaxime.
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Table SA18. Complete susceptibility, multi-resistance and index of diversity in Salmonella spp. from
broilers in MSs reporting isolate-based data, 2011

Co-resistant to

Susceptible to all Multi-resistant Index of

Country CIP and CTX

% % diversity

Austria (N=90) 39 43.3 45 50.0 0.319 0 (0 0 (0)
Denmark (N=43) 34 79.1 3 7.0 0.280 0 (0) 0 (0)
France (N=156) 94 60.3 35 22.4 0.328 0 (0 0 (0)
Germany (N=39) 24 61.5 10 25.6 0.440 1 (0) 2.6 (0)
Ireland (N=63) 57 90.5 2 3.2 0.351 0 (0 0 (0)
Italy (N=54) 24 44.4 20 37.0 0.487 2 (0 3.7 (0)
Spain (N=40) 8 20.0 11 275 0.322 0 (0) 0 (0)
United Kingdom (N=23) 12 52.2 3 13.0 0.318 NA NA

N = total number of isolates tested for susceptibility against the whole common antimicrobial set for Salmonella spp.
n = number of isolates per category of complete susceptibility or multiple resistance.

NA = Not available.

Susceptible to all = isolate susceptible to all antimicrobial substances of the EFSA common set for Salmonella spp.

Multi-resistant = resistant to at least three different antimicrobial substances, belonging to any three antimicrobial families from the
common antimicrobial set.

Index of diversity = see definition in Section 11.4.2.1 of Materials and Methods.

Co-resistant to ciprofloxacin (CIP) and cefotaxime (CTX) = the frequencies and percentages of Salmonella isolates not susceptible to
concentrations greater than ECOFFs (CTX: >0.5 mg/L and CIP: >0.06 mg/L). Figures in parentheses indicate the occurrence of
resistance determined using EUCAST clinical breakpoints (CTX: >2 mg/L and CIP: >1 mg/L).

Figure SA16. Frequency distribution of Salmonella spp. isolates from broilers completely
susceptible or resistant to one to nine antimicrobials in MSs reporting isolate based data, 2011
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N = total number of isolates tested for susceptibility against the whole common set of antimicrobial substances.
sus = susceptible to all antimicrobial substances of the common set.
resl/res9 = resistance to one antimicrobial substance/resistance to nine antimicrobial substances of the common set.

Multi-resistance among Salmonella spp. isolates from laying hens of Gallus gallus

In 2011, six MSs provided isolate-based data concerning resistance in Salmonella spp. from laying hen
flocks. Analysis of multi-resistance showed that, among the reporting MSs, isolates exhibiting complete
susceptibility accounted for a very high level of more than 85 % in Austria, France and Germany, 65.9 % in
Spain, 58.3 % in the United Kingdom and 53.4 % in Italy. Multi-resistance levels were low in most reporting
MSs, ranging between 2.3 % in Austria and 9.7 % in Germany (Table SA19), while Italy and the United
Kingdom recorded multi-resistance levels of 20.5 % and 33.3 %, respectively. The frequency distributions
(Figure SA17) showed low frequencies of isolates showing reduced susceptibility to important numbers of
different substances with Germany, for example, recording isolates with reduced susceptibility to up to eight
different substances. The corresponding values of the indices of diversity are presented in Table SA19. Very
few isolates were resistant to both ciprofloxacin and cefotaxime.
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Table SA19. Complete susceptibility, multi-resistance and index of diversity in Salmonella spp. from
laying hens in MSs reporting isolate-based data, 2011

Co-resistant to

Susceptible to all Multi-resistant Index of

Country CIP and CTX

n % % diversity n %
Austria (N=86) 77 89.5 2 2.3 0.199 0 0) 0 (0)
France (N=165) 141 85.5 11 6.7 0.339 0 0) 0 )
Germany (N=103) 89 86.4 10 9.7 0.425 0 (0) 0 (0)
Italy (N=88) 47 53.4 18 20.5 0.402 1 0) 11 (0)
Spain (N=170) 112 65.9 9 5.3 0.210 0 (0) 0 (0)
United Kingdom (N=12) 7 58.3 4 33.3 0.240 NA NA

N = total number of isolates tested for susceptibility against the whole common antimicrobial set for Salmonella spp.
n = number of isolates per category of complete susceptibility or multiple resistance.

NA = Not available.

Susceptible to all = isolate susceptible to all antimicrobial substances of the EFSA common set for Salmonella spp.

Multi-resistant = resistant to at least three different antimicrobial substances, belonging to any three antimicrobial families from the
common antimicrobial set.

Index of diversity = see definition in section 11.4.2.1 of Materials and Methods.

Co-resistant to ciprofloxacin (CIP) and cefotaxime (CTX) = the frequencies and percentages of Salmonella isolates not susceptible to
concentrations greater than ECOFFs (CTX: >0.5 mg/L and CIP: >0.06 mg/L). Figures in parentheses indicate the occurrence of
resistance determined using EUCAST clinical breakpoints (CTX: >2 mg/L and CIP: >1 mg/L).

Figure SA17. Frequency distribution of Salmonella spp. isolates from laying hens completely
susceptible or resistant to one to nine antimicrobials in MSs reporting isolate-based data, 2011
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N = total number of isolates tested for susceptibility against the whole common set of antimicrobial substances.
sus = susceptible to all antimicrobial substances of the common set.
resl/res9 = resistance to one antimicrobial substance/resistance to nine antimicrobial substances of the common set.

Multi-resistance among S. Enteritidis and S. Typhimurium isolates from Gallus gallus

Multi-resistance data on S. Typhimurium isolates from either broilers or laying hens and on S. Enteritidis
from broilers are not presented in this report because the inclusion criteria (more than four reporting
countries providing data on more than 10 isolates per production type) were not met. Generally, the isolates
of S. Enteritidis and S. Typhimurium in these production types were very rare in the isolate-based dataset of
the reporting countries. The same observation is true with respect to monophasic S. Typhimurium from
broilers and laying hens.
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3.4.2.2. Turkeys

In 2011, 10 MSs submitted quantitative antimicrobial susceptibility data for Salmonella spp. from turkeys, in
accordance with the EU legislation. This section includes data from meat production flocks and mixed flocks
of turkeys. Nine MSs reported data on S. Typhimurium in turkeys; however, no countries submitted sufficient
data to warrant inclusion. Austria, Germany, Italy, Spain and the United Kingdom tested isolates obtained as
part of their national control programmes in accordance to EU regulations. No information on the sampling
scheme used was provided by France, Hungary, Ireland, Poland and Portugal.

Resistance levels in Salmonella spp.

Data on antimicrobial resistance among Salmonella spp. in turkeys were reported by 10 MSs in 2011
(Table SA20). The occurrence of resistance to ampicillin in the reporting MS group was high at 43.6 % and
ranged widely from 14.3% to 90.9 % across the reporting countries. Resistance to sulfonamides and
tetracyclines in the reporting MS group was very high at 51.0 % and 52.2 %, respectively, and ranged from
20.0 % to 91.6 % and from 0 % to 77.9 %, respectively, across the reporting MSs. For chloramphenicol, the
level of resistance in the reporting MS group increased from 7 % in 2010 to 13.0 % in 2011, and ranged from
0 % to 61.7 % between countries. Reported levels of resistance to gentamicin varied among MSs, ranging
from 0 % to 33.3 % across the group; the occurrence of resistance considering all reporting MSs was 9.4 %.

At the reporting MS group level, resistance to ciprofloxacin was 50.4 % and to nalidixic acid was 36.9 %, and
for both antimicrobials the resistance levels ranged from 4.8 % to 80.0 %. Cefotaxime resistance was very
low in the reporting group of 10 MSs at 0.4 %, with only France, Hungary and Spain reporting any
cefotaxime-resistant isolates, at low proportions of 0.6 %, 0.4 % and 1.3 %, respectively.

Ten MSs reported resistance among Salmonella spp. isolates from both fowl (Gallus gallus) and turkeys,
and as was also observed in 2010, the levels of resistance recorded were generally much higher in turkeys
than in Gallus gallus, in particular for ampicillin, chloramphenicol, gentamicin, sulfonamides and
tetracyclines. Resistance levels to ciprofloxacin and nalidixic acid were also considerably higher in turkeys
than in Gallus gallus. Once again, more reporting MSs detected no resistance to cefotaxime in isolates from
turkeys than in isolates from Gallus gallus and, among the nine MSs overall, resistance was lower (0.4 %) in
turkeys than in Gallus gallus (1.5 %). However, the difference in resistance levels between the two species
needs to be interpreted with caution because, other than in Hungary, estimated resistance levels among
Salmonella spp. isolates from turkeys are based on low numbers of isolates compared with Gallus gallus.
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Table SA20. Resistance (%) to ampicillin, cefotaxime, chloramphenicol, ciprofloxacin, gentamicin, nalidixic acid, sulfonamides and tetracyclines among
Salmonella spp. isolates from turkeys in MSs reporting MIC data in 2011, using harmonised epidemiological cut-off values

GaITLigy Ampicillin Cefotaxime Chloramphenicol  Ciprofloxacin \ Gentamicin Nalidixic acid Sulfonamides Tetracyclines

N % Res N % Res N % Res N % Res N % Res N % Res N % Res N % Res
Austria 22 18.2 22 0 22 0 22 68.2 22 0 22 63.6 22 36.4 22 40.9
France 176 29.5 176 0.6 174 7.5 174 24.1 174 5.7 174 21.8 174 39.7 174 41.4
Germany 78 41.0 78 0 78 7.7 78 52.6 78 10.3 78 34.6 78 51.3 78 53.8
Hungary 258 38.8 258 0.4 258 1.2 258 77.1 258 17.8 258 74.8 258 29.8 258 46.9
Ireland 14 14.3 14 0 14 14.3 14 14.3 14 0 14 7.1 14 28.6 14 28.6
Italy 27 59.3 27 0 27 0 27 25.9 27 33.3 27 25.9 27 51.9 27 77.8
Poland 41 61.0 41 0 41 0 41 61.0 41 317 41 51.2 41 34.1 41 0
Portugal 10 20.0 10 0 10 0 10 80.0 10 0 10 80.0 10 20.0 10 20.0
Spain 154 90.9 154 1.3 154 61.7 154 77.3 154 0.6 154 16.2 154 91.6 154 77.9
United Kingdom 145 20.7 145 0 145 0.7 145 4.8 145 0 145 4.8 145 70.3 145 62.8
Total (10 MSs) 925 43.6 925 0.4 923 13.0 923 50.4 923 9.4 923 36.9 923 51.0 923 52.2

N = number of isolates tested.
% Res = percentage of resistant isolates.
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Spatial distribution of resistance among Salmonella

Figures SA18-SA20 show the spatial distributions of ampicillin, nalidixic acid and tetracycline, resistance in
Salmonella spp. isolated from turkeys in 2011. They illustrate the variability in levels of tetracycline and
ampicillin resistance in Salmonella spp. across the EU and the absence of a clear spatial distribution.

Figure SA18. Spatial distribution of ampicillin resistance among Salmonella spp. from turkeys in
countries reporting MIC data in 2011*
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Note: Percentages shown in this map refer to countries that reported quantitative MIC data for more than 10 isolates in 2011. When
quantitative 2011 data were not available, 2010 data have been used instead. The countries labelled as ‘qualitative data’
therefore include those reporting either 1ZD data, MIC data for fewer than 10 isolates, or purely qualitative data (as proportion of
resistant isolates).

1. For the Czech Republic and Slovakia, 2010 data were used.
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Figure SA19. Spatial distribution of nalidixic acid resistance among Salmonella spp. from turkeys in

countries reporting MIC data in 2011*
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Note: Percentages shown in this map refer to countries that reported quantitative MIC data for more than 10 isolates in 2011. When
quantitative 2011 data were not available, 2010 data have been used instead. The countries labelled as ‘qualitative data’
therefore include those reporting either 1ZD data, MIC data for fewer than 10 isolates, or purely qualitative data (as proportion of

resistant isolates).
1. For the Czech Republic and Slovakia, 2010 data were used.
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Figure SA20. Spatial distribution of tetracycline resistance among Salmonella spp. from turkeys in

countries reporting MIC data in 2011*
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Note: Percentages shown in this map refer to countries that reported quantitative MIC data for more than 10 isolates in 2011. When
quantitative 2011 data were not available, 2010 data have been used instead.

1. For the Czech Republic and Slovakia, 2010 data were used.

Multi-resistance among Salmonella spp. isolates from turkeys

In 2011, six MSs provided isolate-based data concerning resistance in Salmonella spp. from turkeys.
Analysis of multi-resistance showed that, among the reporting MSs, complete susceptibility was exhibited by
about fewer than one-third of the isolates tested, with the exception of Ireland, which reported a level of
complete susceptibility of 57.1 %. Multi-resistance levels were high in all reporting MSs and varied
importantly between 28.6 % in Ireland and 94.8 % in Spain (Table SA21). The frequency distributions
(Figure SA21) showed similarities among the multi-resistance recorded in Austria, France and Germany with
some isolates showing reduced susceptibility to as many as six different substances, while Italy and Spain
reported fewer completely susceptible isolates and isolates showing reduced susceptibility to seven or eight
different substances. Ireland recorded multi-resistance to five classes of antimicrobials at a maximum. The
difference in the structure of the frequency distributions of resistant isolates is summarised in Table SA21.
Very few isolates were resistant to both ciprofloxacin and cefotaxime.
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Table SA21. Complete susceptibility, multi-resistance and index of diversity in Salmonella spp. from
turkeys in MSs reporting isolate-based data, 2011

Co-resistant to

Susceptible to all Multi-resistant Index of

Country CIP and CTX

% % diversity
Austria (N=22) 6 27.3 8 36.4 0.438 0 (0 0 (0
France (N=174) 64 36.8 66 37.9 0.434 0 (0 0 (0
Germany (N=78) 24 30.8 46 59.0 0.469 0 (0 0 (0
Ireland (N=14) 8 57.1 4 28.6 0.274 0 (0 0 (0
Italy (N=27) 5 18.5 18 66.7 0.595 0 (0 0 (0
Spain (N=154) 4 2.6 146 94.8 0.593 2 (0 1.3 (0)

N = total number of isolates tested for susceptibility against the whole common antimicrobial set for Salmonella spp.
n = number of isolates per category of complete susceptibility or multiple resistance.
Susceptible to all = isolate susceptible to all antimicrobial substances of the EFSA common set for Salmonella spp.

Multi-resistant = resistant to at least three different antimicrobial substances, belonging to any three antimicrobial families from the
common antimicrobial set.

Index of diversity = see definition in section 11.4.2.1 of Materials and Methods.

Co-resistant to ciprofloxacin (CIP) and cefotaxime (CTX) = the frequencies and percentages of Salmonella isolates not susceptible to
concentrations greater than ECOFFs (CTX: >0.5 mg/L and CIP: >0.06 mg/L). Figures in parentheses indicate the occurrence of
resistance determined using EUCAST clinical breakpoints (CTX: >2 mg/L and CIP: >1 mg/L).

Figure SA21. Frequency distribution of Salmonella spp. isolates from turkeys completely
susceptible or resistant to one to nine antimicrobials in MSs reporting isolate based data, 2011
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N = Total number of isolates tested for susceptibility against the whole common set of antimicrobial substances.
sus = susceptible to all antimicrobial substances of the common set.
resl/res9 = resistance to one antimicrobial substance/resistance to nine antimicrobial substances of the common set.

Multi-resistance among S. Enteritidis and S. Typhimurium isolates from turkeys

Generally, the S. Enteritidis and S. Typhimurium isolates from turkey flocks were very rare in the isolate-
based dataset of the reporting countries. Data in multi-resistance in these serovars from turkeys are
therefore not presented in this report, as the inclusion criteria (more than four reporting countries providing
data on more than 10 isolates per production type) were not met. The same observation is true with respect
to monophasic S. Typhimurium from broilers and laying hens.
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3.4.2.3. Pigs

Quantitative MIC data for Salmonella spp. isolated from pigs from eight MSs in 2011 are included in the
following analyses. Isolates from Estonia and Spain were collected as part of monitoring plans, whereas
Germany and ltaly tested isolates obtained through passive surveillance via diagnostic submissions.
Denmark collected isolates from sub-clinical infections detected via the serological surveillance programme,
from healthy pigs at slaughter and from herds with clinical salmonellosis. Sample types collected by MSs
were generally faecal, while Estonia and Spain also tested ileocaecal lymph nodes at slaughter.

Resistance levels in Salmonella spp.

Data describing the occurrence of resistance to selected antimicrobials in isolates of Salmonella spp. from
pigs are presented in Table SA22. Isolates tested by Denmark and Germany made up over 78 % of the total
isolates tested in 2011 so the results from these two countries will have influenced the overall levels reported
at MS group level. A similar level of resistance to ampicillin at MS group level was reported in 2011 (54.2 %)
compared with 2010 (55 %). The levels of resistance among MSs ranged from 11.8 % to 73.6 % in 2011.
Overall resistance to sulfonamides and tetracyclines was very high at 60.5 %, among the reporting MS
group. The level of resistance to sulfonamides in Salmonella spp. from pigs ranged from 0.3 % to 88.6 %
among the reporting MSs. A similar range was observed in the occurrence of resistance to tetracyclines
(0.4-76.8 %). There was moderate resistance to chloramphenicol at MS group level (15.6 %), and among
the MSs the levels ranged from 0 % to 33.3 %. Resistance to gentamicin in the reporting MS group was low,
at 3.7 %, and ranged from 0 % to 10.3 %.

The levels of resistance for ciprofloxacin and nalidixic acid in the reporting MS group were similar to those
reported in 2010 (4.0 % and 3.4 % respectively in 2011 compared with 3 % and 2 % in 2010). Three MSs
detected no resistance to either compound in Salmonella spp. isolates from pigs. Among the MSs that did
detect resistance, the occurrence of ciprofloxacin and nalidixic acid resistance was low to moderate (range
2.8-17.1 %). The overall level of resistance to cefotaxime was 1.0 %, with three MSs not detecting any
cefotaxime resistance in Salmonella spp. isolates from pigs. Among those MSs reporting resistance, levels
ranged from 0.3 % to 2.9 %.

Resistance levels in Salmonella Typhimurium

Quantitative MIC antimicrobial susceptibility results for Salmonella Typhimurium isolates from pigs were
reported by four MSs in 2011 (Table SA23). As for Salmonella spp., the majority of isolates tested were from
Denmark and Germany so the results from these two countries will have more bearing on the overall levels.
The occurrence of resistance to ampicillin, chloramphenicol and sulfonamides among S. Typhimurium
isolates from pigs was higher than that reported in Salmonella spp., with the overall level of resistance in the
reporting MS group being 71.5 % for ampicillin, 30.0 % for chloramphenicol and 74.5 % for sulfonamides.
Among the individual reporting MSs, resistance to ampicillin ranged from 36.6 % to 89.5 %, resistance to
chloramphenicol ranged from 7.6 % to 76.5 % and resistance to sulfonamides ranged from 41.2 % to
90.7 %. Resistance to tetracyclines was fairly similar in S. Typhimurium and Salmonella spp. (69.1 % vs.
60.5 %) and among MSs the reported levels ranged from 37.4 % to 94.1 %. A low level of resistance to
gentamicin (5.9 %) was reported by the MS group. In a similar pattern to that observed in 2010, Denmark,
Germany and Spain reported low levels of resistance (range 1.5 %—7.2 %), while in Ireland the figure was
higher, at 23.5 %.

Low levels of resistance to ciprofloxacin and nalidixic acid were reported at MS group level (4.5 % and
3.7 %, respectively). Denmark reported no resistance to either compound, and Germany reported low levels
of resistance to both. Moderate to high levels of resistance were reported by Ireland and Spain, ranging from
17.6 % to 26.3 %. In the reporting MS group, cefotaxime resistance was detected only in S. Typhimurium
isolates from Spain, and at a low level (5.3 %).
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Table SA22. Resistance (%) to ampicillin, cefotaxime, chloramphenicol, ciprofloxacin, gentamicin, nalidixic acid, sulfonamides and tetracyclines among
Salmonella spp. isolates from pigs in 2011, using harmonised epidemiological cut-off values

Ampicillin Cefotaxime Chloramphenicol  Ciprofloxacin Gentamicin Nalidixic acid \ Sulfonamides \ Tetracyclines
N % Res N % Res N % Res N % Res N % Res N % Res N % Res N % Res

Country

Denmark’ 371 30.2 371 0.3 371 5.7 371 0 371 1.6 371 0 371 36.6 371 43.6
Denmark’ 23 0.3 23 0 23 0.1 23 0 23 0 23 0 23 0.3 23 0.4
Estonia 17 11.8 17 0 17 0 17 0 17 0 17 0 17 235 17 235
Germany 614 73.6 614 13 614 19.5 614 3.7 614 4.4 614 2.8 614 77.9 614 73.6
Hungary 35 34.3 35 2.9 35 314 35 11.4 35 5.7 35 14.3 35 88.6 35 60.0
Ireland 39 56.4 39 0 39 33.3 39 12.8 39 10.3 39 10.3 39 56.4 39 61.5
Italy 86 55.8 86 1.2 86 24.4 86 7.0 86 5.8 86 8.1 86 55.8 86 50.0
Netherlands 19 47.4 19 0 19 5.3 19 0 19 0 19 0 19 52.6 19 47.4
Spain 82 48.8 82 2.4 82 17.1 82 17.1 82 3.7 82 13.4 81 59.3 82 76.8
Total (8 MSs) 1,286 54.2 1,286 1.0 1,286 15.6 1,286 4.0 1,286 3.7 1,286 3.4 1,286 60.5 1,286 60.5

N = number of isolates tested.

% Res = percentage of resistant isolates.

1. Fattening pigs, pigs unspecified and mixed herds.
2. Breeding pigs.

Table SA23. Resistance (%) to ampicillin, cefotaxime, chloramphenicol, ciprofloxacin, gentamicin, nalidixic acid, sulfonamides and tetracyclines among
Salmonella Typhimurium isolates from pigs in 2011, using harmonised epidemiological cut-off values

Sz Ampicillin Cefotaxime Chloramphenicol  Ciprofloxacin \ Gentamicin Nalidixic acid Sulfonamides Tetracyclines
N % Res N % Res N % Res N % Res N % Res N % Res N % Res N % Res
Denmark 131 36.6 131 0 131 7.6 131 0 131 15 131 0 131 41.2 131 37.4
Germany 237 88.2 237 0 237 39.2 237 3.8 237 7.2 237 34 237 90.7 237 83.1
Ireland 17 88.2 17 0 17 76.5 17 235 17 235 17 17.6 17 88.2 17 924.1
Spain 19 89.5 19 5.3 19 26.3 19 26.3 19 5.3 19 21.1 19 89.5 19 89.5
Total (4 MSs) 404 71.5 404 0.2 404 30.0 404 45 404 5.9 404 3.7 404 74.5 404 69.1

N = number of isolates tested.
% Res = percentage of resistant isolates.
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Temporal trends in resistance among Salmonella isolates from pigs

The temporal variation in the level of resistance to selected antimicrobials in Salmonella spp. isolated from
pigs between 2005 and 2011 is presented in Figures SA22-SA26. The figures demonstrate that, in some
MSs, resistance levels have continued to fluctuate; however, in other countries, such as Germany and
Sweden the occurrence of resistance has remained fairly stable in recent years.

Over the seven reporting years, reported significantly decreasing trends in resistance were reported by the
Netherlands for ampicillin, chloramphenicol and tetracyclines , by Germany for chloramphenicol and
tetracyclines, by Spain for tetracyclines and by Denmark for chloramphenicol, while Italy reported statistically
significant increasing trends in resistance to ampicillin and chloramphenicol. Increasing trends in resistance
to ampicillin have also been reported by Denmark, Ireland and Spain. Considering resistance to
(fluoro)quinolones, ciprofloxacin and nalidixic acid, both Estonia and Germany reported statistically
decreasing trends in resistance to both compounds over the 2005-2011 period. In contrast, Spain showed
increasing trends in resistance to these two substances. Additionally, Denmark registered decreasing trends
in resistance to nalidixic acid and Ireland an increasing trend in resistance to ciprofloxacin.

Cefotaxime resistance among Salmonella spp. isolates from pigs remained either low, very low or absent in

the reporting MSs between 2005 and 2011; and no significant trends were detected for MSs reporting five or
more years of data.

Figure SA22. Trends in ampicillin resistance in Salmonella spp. from pigs in reporting MSs, 2005-
2011, quantitative data
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Note: Statistically significant increasing or decreasing trends for five or more years, as tested by a logistic regression model (p <0.05),
were observed in Denmark (1), Ireland (1), Italy (1), the Netherlands (|) and Spain (7).
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Figure SA23. Trends in cefotaxime resistance in Salmonella spp. from pigs in reporting MSs, 2005-
2011, quantitative data
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Note: No statistically significant trend for five or more years, as tested by a logistic regression model (p 0.05), was observed in any of
the reporting countries.

Figure SA24. Trends in chloramphenicol resistance in Salmonella spp. from pigs in reporting MSs,
2005-2011, quantitative data
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Note: A statistically significant increasing or decreasing trend for five or more years, as tested by a logistic regression model (p <0.05),
was observed in Denmark (|), Germany (), ltaly (1) and the Netherlands ().
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Figure SA25. Trends in ciprofloxacin and nalidixic acid resistance in Salmonella spp. from pigs in
reporting MSs, 2005-2011, quantitative data
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Note: A statistically significant decreasing trend for five or more years, as tested by a logistic regression model (p <0.05), was observed
in Estonia () and Germany (|), for both ciprofloxacin and nalidixic acid, and in Denmark (|) for nalidixic acid. A statistically
significant increasing trend was observed in Spain (1) for both ciprofloxacin and nalidixic acid, and in Ireland (1) for ciprofloxacin.
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Figure SA26. Trends in tetracycline resistance in Salmonella spp. from pigs in reporting MSs, 2005-
2011, quantitative data
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Note: A statistically significant decreasing trend for five or more years, as tested by a logistic regression model (p <0.05), was observed
in Germany (| ), the Netherlands (]) and Spain (|).

EFSA Journal 2013;11(5):3196

79



st

T
T efsa- C EU summary report on antimicrobial resistance in zoonotic and indicator bacteria
Eutopean fond safety Authorty I EBAHIE TS from humans, animals and food 2011

Spatial distribution of resistance among Salmonella

The spatial distribution of ampicillin, nalidixic acid and tetracycline resistance in Salmonella spp. from pigs in
2011 is shown in Figures SA27—SA29. Figures SA27 and SA29 emphasise the large differences in ampicillin
and tetracycline resistance rates in different MSs, although no clear spatial distributions were observed. In
most countries, nalidixic acid resistance in Salmonella spp. isolated from pigs was reported to be low, with
no clear spatial distribution apparent (Figure SA27).

Figure SA27. Spatial distribution of ampicillin resistance among Salmonella spp. from pigs in
countries reporting MIC data in 2011*
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Note: Percentages shown in this map refer to countries that reported quantitative MIC data for more than 10 isolates in 2011. When
quantitative 2011 data were not available, 2010 data have been used instead. The countries labelled as ‘qualitative data’ therefore

include those reporting either 1ZD data, MIC data for fewer than 10 isolates, or purely qualitative data (as proportion of resistant
isolates).

1. For the Czech Republic, Slovenia and Sweden, 2010 data were used.
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Figure SA28. Spatial distribution of nalidixic acid resistance among Salmonella spp. from pigs in
countries reporting MIC data in 2011*

"
>0
0
2271 No data (MS)

Qualitative data

Resistance rates (%)

i No data (Non-MS)

¥

Ireland

A

=%

s

7

T

“The United [Kingdom

B

Spain

“
o 5 #
Canary Islands

Portugal

<>
Madeira

o™ @

Azores

France

7 —
10.3
ﬁj 7 {) The Nethgﬂands .
M Guadeloupe
f (' Belg% N
Kg Luxembourg Martinigue
{‘:ﬁ 777 // 7
{ Reunion
7, ) 195 390
I T S E—
Kilometers
;',‘.’?»;'
. Cyprus
By 4 ypd;f’

Note: Percentages shown in this map refer to countries that reported quantitative MIC data for more than 10 isolates in 2011. When
quantitative 2011 data were not available, 2010 data have been used instead. The countries labelled as ‘qualitative data’ therefore
include those reporting either 1ZD data, MIC data for fewer than 10 isolates, or purely qualitative data (as proportion of resistant

isolates).

1. For the Czech Republic, Slovenia and Sweden, 2010 data were used.
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Figure SA29. Spatial distribution of tetracycline resistance among Salmonella spp. from pigs in
countries reporting MIC data in 2011*
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Note: Percentages shown in this map refer to countries that reported quantitative MIC data for more than 10 isolates in 2011. When
quantitative 2011 data were not available, 2010 data have been used instead. The countries labelled as ‘qualitative data’ therefore
include those reporting either 1ZD data, MIC data for fewer than 10 isolates, or purely qualitative data (as proportion of resistant
isolates).

1. For the Czech Republic, Slovenia and Sweden, 2010 data were used.

Multi-resistance among Salmonella spp. isolates from pigs

In 2011, six MSs provided isolate-based data concerning resistance in Salmonella spp. from pigs. The levels
of complete susceptibility varied importantly between the reporting MSs, from 14.7 % in Germany to 70.6 %
in Estonia, although, in the latter case, the complete susceptibility level was assessed on a sample of 17
isolates only. Multi-resistance levels were high in all reporting MSs, ranging between 23.5 % in Estonia and
74.8 % in Germany (Table SA24). The frequency distributions (Figure SA30) showed discrepancies among
the multi-resistance recorded in the reporting MSs with some isolates showing reduced susceptibility to up to
eight different substances in Ireland, Italy and Spain, while Estonia recorded multi-resistance to four classes
at a maximum. The values of the indices of diversity summarising the frequency distributions of resistant
isolates are presented in Table SA12. Very few isolates were resistant to both ciprofloxacin and cefotaxime.
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Table SA24. Complete susceptibility, multi-resistance and index of diversity in Salmonella spp. from
pigs in MSs reporting isolate-based data, 2011

Co-resistant to

Susceptible to all Multi-resistant Index of

Country CIP and CTX

% % diversity
Denmark (N=371) 183 49.3 118 31.8 0.408 0 0) 0 0)
Estonia (N=17) 12 70.6 4 235 0.086 0 0) 0 0)
Germany (N=614) 90 14.7 459 74.8 0.505 0 (0) 0 0)
Ireland (N=39) 15 38.5 22 56.4 0.665 0 0) 0 0)
Italy (N=86) 27 31.4 49 57.0 0.497 1 (1) 12 (1.2
Spain (N=81) 18 22.2 51 63.0 0.609 1 0) 1.2 0)

N = Total number of isolates tested for susceptibility against the whole common antimicrobial set for Salmonella spp.
n = number of isolates per category of complete susceptibility or multiple resistance.
Susceptible to all =isolate susceptible to all antimicrobial substances of the EFSA common set for Salmonella spp.

Multi-resistant = resistant to at least 3 different antimicrobial substances, belonging to any three antimicrobial families from the common
antimicrobial set.

Index of diversity = see definition in section 11.4.2.1 of Materials and Methods.

Co-resistant to ciprofloxacin (CIP) and cefotaxime (CTX) = the frequencies and percentages of Salmonella isolates not susceptible to
concentrations greater than ECOFFs (CTX: >0.5 mg/L and CIP: >0.06 mg/L). Figures in parentheses indicate the occurrence of
resistance determined using EUCAST clinical breakpoints (CTX: >2 mg/L and CIP: >1 mg/L).

Figure SA30. Frequency distribution of Salmonella spp. from pigs isolates completely susceptible or
resistant to one to nine antimicrobials in MSs reporting isolate-based data, 2011
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N = Total number of isolates tested for susceptibility against the whole common set of antimicrobial substances.
sus = susceptible to all antimicrobial substances of the common set.
resl/res9 = resistance to one antimicrobial substance/resistance to nine antimicrobial substances of the common set.

Multi-resistance among S. Typhimurium isolates from pigs

As fewer than four MSs reported multi-resistance isolate-based data on more than 10 isolates of
S. Typhimurium isolates in pigs, tables and graphs on multi-resistance are not presented in this report.
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3.4.2.4. Cattle (bovine animals)

In this report, calves, dairy cattle, beef cows and heifers are included under the term ‘cattle’. Where data on
the production level of animals have been provided, these have been included in the table footnotes.
Quantitative MIC data for Salmonella spp. isolated from cattle in eight MSs in 2011 are included in the
following analysis of antimicrobial resistance levels. Isolates tested by Estonia, Finland, Spain, Sweden and
Norway were obtained through national monitoring programmes and generally consisted of faecal samples.
Finland also tested lymph nodes at slaughter. Italy obtained isolates through passive surveillance.

Resistance levels in Salmonella spp.

The levels of resistance to selected antimicrobials in isolates of Salmonella spp. from cattle reported by MSs
in 2011 are presented in Table SA25. High levels of resistance to ampicillin, sulfonamides and tetracyclines
were commonly reported in Salmonella spp. from cattle in 2011; considering all reporting MSs, the levels of
resistance were 29.1 %, 33.4 % and 31.1 %, respectively. Ampicillin resistance ranged from 0 % to 50.0 %
across reporting MSs, while the range for both sulfonamides and tetracyclines was 0 % to 59.1 %. Only
Germany and Italy reported resistance to gentamicin at low or very low levels.

At MS group level, the overall occurrence of resistance to ciprofloxacin and nalidixic acid was 1.7 % and
1.4 % respectively. Germany, Ireland and lItaly were the only MSs to report resistance to ciprofloxacin or
nalidixic acid in Salmonella spp. isolates from cattle and, in general, for these countries the levels reported
were low. However, Italy reported moderate resistance to ciprofloxacin (10.7 %). Cefotaxime resistance was
not reported by any of the MSs.

Resistance levels in Salmonella Typhimurium

Table SA26 shows the level of resistance reported among S. Typhimurium isolates from cattle in 2011.
Across the five reporting MSs, the level of resistance to sulfonamides and tetracyclines was very high, at
57.9 % and 52.3 %, respectively. The resistance levels reported by individual MSs varied from 0 % to 76.0 %
for tetracyclines and from 9.1 % to 76.0 % for sulfonamides. There were also high levels of resistance to
ampicillin (45.8 %) and chloramphenicol (23.4 %) at MS group level, which ranged from 9.1 % to 62.2 % and
from 0 % to 52.0 % respectively. Resistance to gentamicin in S. Typhimurium from cattle was detected only
in Germany at the low level of 2.7 %.

The occurrence of resistance to both ciprofloxacin and nalidixic acid in the reporting MS group as a whole
was very low (0.9 % for both antimicrobials) as Germany was the only country to report resistance (2.7 %).
Cefotaxime resistance in S. Typhimurium isolates from cattle in 2011 was not reported by any MS.
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Table SA25. Resistance (%) to ampicillin, cefotaxime, chloramphenicol, ciprofloxacin, gentamicin, nalidixic acid, sulfonamides and tetracyclines among
Salmonella spp. isolates from cattle in 2011, using harmonised epidemiological cut-off values

STy |  Ampicillin Cefotaxime Chloramphenicol  Ciprofloxacin Gentamicin Nalidixic acid \ Sulfonamides Tetracyclines

N % Res N % Res N % Res N % Res N % Res N % Res N % Res N % Res
Estonia 15 0 15 0 15 0 15 0 15 0 15 0 15 0 15 0
Finland® 11 9.1 11 0 11 0 11 0 11 0 11 0 11 9.1 11 0
Germany 146 33.6 146 0 146 7.5 146 1.4 146 0.7 146 14 146 32.9 146 28.8
Ireland 44 50.0 44 0 44 29.5 44 2.3 44 0 44 23 44 59.1 44 59.1
Italy 28 39.3 28 0 28 17.9 28 10.7 28 3.6 28 7.1 28 46.4 28 42.9
Netherlands® 69 23.2 69 0 69 7.2 69 0 69 0 69 0 69 34.8 69 34.8
Spain® 13 7.7 13 0 13 0 13 0 13 0 13 0 13 0 13 15.4
Sweden 24 8.3 24 0 24 0 24 0 24 0 24 0 24 20.8 24 125
Total (8 MSs) 350 29.1 350 0 350 9.7 350 1.7 350 0.6 350 14 350 334 350 31.1
Norway 12 25.0 12 0 12 0 12 8.3 12 0 12 8.3 12 25.0 12 33.3

N = number of isolates tested.

% Res = percentage of resistant isolates.

1. All isolates from adult cattle over two years old.

2. Twenty-nine of the isolates tested by the Netherlands were from dairy cows and 23 were from veal calves under one year old.
3. All isolates from beef cattle (one to two years old).

Table SA26. Resistance (%) to ampicillin, cefotaxime, chloramphenicol, ciprofloxacin, gentamicin, nalidixic acid, sulfonamides and tetracyclines among
Salmonella Typhimurium from cattle in 2011, using harmonised epidemiological cut-off values

Ampicillin Cefotaxime Chloramphenicol  Ciprofloxacin Gentamicin Nalidixic acid Sulfonamides ‘ Tetracyclines

Country

N % Res N % Res N % Res N % Res N % Res N % Res N % Res N % Res
Finland 11 9.1 11 0 11 0 11 0 11 0 11 0 11 9.1 11 0
Germany 37 62.2 37 0 37 18.9 37 2.7 37 2.7 37 2.7 37 56.8 37 51.4
Ireland 25 60.0 25 0 25 52.0 25 0 25 0 25 0 25 76.0 25 76.0
Netherlands 24 375 24 0 24 20.8 24 0 24 0 24 0 24 70.8 24 70.8
Sweden 10 10.0 10 0 10 0 10 0 10 0 10 0 10 40.0 10 10.0
Total (5 MSs) 107 45.8 107 0 107 23.4 107 0.9 107 0.9 107 0.9 107 57.9 107 52.3

N = number of isolates tested.
% Res = percentage of resistant isolates.
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Temporal trends in resistance among Salmonella isolates from cattle

It is evident from figures SA31-SA34 that large variations exist between MSs in the level of resistance to
some antimicrobials, particularly ampicillin and tetracyclines. The figures illustrate the trends in resistance to
ampicillin, chloramphenicol, ciprofloxacin, nalidixic acid and tetracyclines among Salmonella isolates from
cattle from 2005 to 2011.

As in 2010, trends in resistance over time were mainly decreasing among Salmonella spp. from cattle.
Germany and Sweden experienced statistically significant decreasing trends in resistance to ampicillin and
chloramphenicol, and Germany also reported statistically significant decreasing trends in resistance to
tetracyclines. No significant trends were observed in the reported resistance to ciprofloxacin and nalidixic
acid between 2005 and 2011.

Figure SA31. Trends in ampicillin resistance in Salmonella spp. from cattle in reporting MSs, 2005-
2011, quantitative data
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Note: A statistically significant decreasing trend for five or more years, as tested by a logistic regression model (p <0.05), was observed
in Germany (]) and Sweden ().
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Figure SA32. Trends in chloramphenicol resistance in Salmonella spp. from cattle in reporting MSs,
2005-2011, quantitative data
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Note: A statistically significant decreasing trend for five or more years, as tested by a logistic regression model (p <0.05), was observed
in Germany (/) and Sweden ().
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Figure SA33. Trends in ciprofloxacin and nalidixic acid resistance in Salmonella spp. from cattle in

reporting MSs, 2005-2011, quantitative data
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Note: For both ciprofloxacin and nalidixic acid, no statistically significant trend for five or more years, as tested by a logistic regression

model (p 0.05), was observed in any of the reporting countries.
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Figure SA34. Trends in tetracycline resistance in Salmonella spp. from cattle in reporting MSs, 2005-
2011, quantitative data
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Note: A statistically significant decreasing trend for five or more years, as tested by a logistic regression model (p <0.05), was observed
in Germany (}).
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Spatial distribution of resistance among Salmonella

Figures SA35-SA37 show the spatial distributions of ampicillin, nalidixic acid and tetracycline resistance in
Salmonella spp. isolated from cattle in 2011. Figures SA35 and SA37 illustrate the similarity in levels of
ampicillin and tetracycline resistance in Salmonella spp. across the EU and the absence of a clear spatial
distribution. Figure SA36 illustrates the continued absence, or low prevalence, of resistance to nalidixic acid
in Salmonella spp. isolated from cattle in Europe.

Figure SA35. Spatial distribution of ampicillin resistance among Salmonella spp. from cattle in
countries reporting MIC data in 2011*
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quantitative 2011 data were not available, 2010 data have been used instead. The countries labelled as ‘qualitative data’ therefore
include those reporting either 1ZD data, MIC data for less than 10 isolates, or purely qualitative data (as proportion of resistant
isolates).

1. For Denmark and Switzerland, 2010 data were used.
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Figure SA36. Spatial distribution of nalidixic acid resistance among Salmonella spp. from cattle in
countries reporting MIC data in 2011*
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Note: Percentages shown in this map refer to countries that reported quantitative MIC data for more than 10 isolates in 2011. When
quantitative 2011 data were not available, 2010 data have been used instead. The countries labelled as ‘qualitative data’ therefore
include those reporting either 1ZD data, MIC data for fewer than 10 isolates, or purely qualitative data (as proportion of resistant
isolates).

1. For Denmark and Switzerland 2010, data were used.
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Figure SA37. Spatial d