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Objectives: In this review, we describe surveillance programmes reporting antimicrobial resistance
(AMR) and resistance genes in bacterial isolates from livestock and meat and compare them with those
relevant for human health.
Methods: Publications on AMR in European countries were assessed. PubMed was reviewed and AMR
monitoring programmes were identified from reports retrieved by Internet searches and by contacting
national authorities in EU/European Economic Area (EEA) member states.
Results: Three types of systems were identified: EU programmes, industry-funded supranational pro-
grammes and national surveillance systems. The mandatory EU-financed programme has led to some
harmonization in national monitoring and provides relevant information on AMR and extended-
spectrum b-lactamase/AmpCe and carbapenemase-producing bacteria. At the national level, AMR sur-
veillance systems in livestock apply heterogeneous sampling, testing and reporting modalities, resulting
in results that cannot be compared. Most reports are not publicly available or are written in a local
language. The industry-funded monitoring systems undertaken by the Centre Europ�een d’Etudes pour la
Sant�e Animale (CEESA) examines AMR in bacteria in food-producing animals.
Conclusions: Characterization of AMR genes in livestock is applied heterogeneously among countries.
Most antibiotics of human interest are included in animal surveillance, although results are difficult to
compare as a result of lack of representativeness of animal samples. We suggest that EU/EEA countries
provide better uniform AMR monitoring and reporting in livestock and link them better to surveillance
systems in humans. Reducing the delay between data collection and publication is also important to
allow prompt identification of new resistance patterns. R. Schrijver, Clin Microbiol Infect 2018;24:577
© 2017 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All

rights reserved.
Introduction

Antimicrobial resistance (AMR) is a global threat for human and
animal health. In 2013, AMR was indicated as one of the major
global risks at the World Economic Forum: ‘While viruses may
capture more headlines, arguably the greatest risk of hubris to
human health comes in the form of antibiotic-resistant bacteria’
hrijver).

biology and Infectious Diseases. Pu
(http://www3.weforum.org/docs/WEF_GlobalRisks_Report_2013.
pdf). The EU has also addressed the issue of AMR and has set up an
EU-wide antibiotic resistance control strategy by specific action
plans (http://ec.europa.eu/dgs/health_food-safety/amr/action_eu/
index_en.htm).

Of particular concern is the high use of antibiotics in animal
production, as this may lead to increased resistance of animal and
human pathogens [1]. The European Medicines Authority (EMA)
reports annually on the sales of veterinary antimicrobial products
for 29 EU/European Economic Area (EEA) countries. The 2016
blished by Elsevier Ltd. All rights reserved.
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report from 25 countries observed an increase in sales of more than
5% in six countries (http://www.ema.europa.eu/docs/en_GB/
document_library/Report/2016/10/WC500214217.pdf). The associ-
ation between antibiotic usage in animal and development of
resistance in commensal bacteria has been clearly described in
Escherichia coli [2]. Of even more concern is the transmission of
resistant bacteria from food-producing animals to humans. Lever-
stein-van Hall et al. [3] showed many genetic similarities between
extended-spectrum b-lactamase (ESBL)-positive E. coli isolates
from humans and those from poultry. In addition, the fact that
resistance can be horizontally transmitted among unrelated bac-
teria by exchange of resistance genes in the form of plasmids poses
an even greater risk for public health [4].

Because of high antibiotic usage, intensive farming and glob-
alization, transmission of AMR from livestock to humans is a major
risk today. Therefore, multinational research and laboratory sur-
veillance networks for continuous detection of AMR in bacteria
that pose risks to humans and animals are crucial for early
detection of increasing resistance patterns across Europe. Various
European countries have set up national monitoring programs,
most of them focused on zoonotic and indicator bacteria, in line
with the mandatory EU legislation (Directive 2003/99/EC; EU
Decision 2013/652/EU). The European Food and Safety authority
receives data from all 29 EU/EEA countries and compiles them in
annual reports. A private organization, the Centre Europ�een
d’Etudes pour la Sant�e Animale (CEESA), implements antimicro-
bial susceptibility surveillance programmes [5,6]. However, bac-
teria and antibiotics of veterinary and human interest differ, and
depending on the aim, veterinary surveillance programmes may
not necessarily include bacteria of human interest, although such
information might be valuable. Presently it seems that the ‘one-
health concept,’ particularly integrating AMR detection in humans
and animals, is not well reflected in current veterinary or human
surveillance systems.

The main objective of this review was to describe national and
supranational surveillance and monitoring programmes and net-
works collecting multiannual data on AMR in bacterial isolates and
resistance genes from livestock andmeat in the 31 EU/EEAmember
states (MSs) and to compare the antibiotics and bacteria monitored
with those relevant for human health. Secondary objectives
included availability, timeliness and transparency of results.

Methods

Relevant peer-reviewed articles were identified by a review of
the literature in order to identify published networks of veterinary
surveillance systems. The literature was structurally reviewed with
a time span of 10 years (published 2006e2016) using the search
terms ‘antimicrobial resistance’ or ‘antimicrobial susceptibility’ and
‘livestock’ or ‘cattle’ or ‘bulls’ or calves' or ‘veal calves’ or ‘pigs’ or
‘fatteners’ or ‘poultry’ or ‘chicken’ or ‘turkey’ or ‘broilers’ and ‘sur-
veillance’ and ‘Europe’ or ‘European.’ A two-step search strategy
was performed. First, text words contained in the title, abstract and
index (MeSH) terms in PubMed along with title searches were
performed. Then the reference lists of all identified reports and
articles were searched for additional studies. Inclusion criteriawere
as follows: published scientific and grey literature; multiannual
longitudinal sampling data; data on at least AMR in livestock or
meat thereof; and surveillance systems providing or with the
intention to provide data on periodic basis. Exclusion criteria were
single cross-sectional studies; within-herd transmission studies;
epidemiologic studies or reports for which the main objective was
different than providing surveillance data; outbreak reports;
studies outside the EEA; and reports with only human data. No
language restriction was applied.
Multiannual programmes on AMR of bacterial isolates from
livestock andmeat were further identified from reports retrieved by
Internet searches and by contacting national authorities in EU/EEA
MSs or representatives of national as well as European organiza-
tions active in AMR recording. The reliability of the reports was
assessed by verifying the source. Only reports published by national
authorities in EU/EEA MSs or reports published by national or offi-
cial European organizations active in AMR surveillance were used.

Data were extracted independently from two reviewers and
were included in a database. The following variableswere collected:
name of surveillance, country, bacteria surveyed, timing of report-
ing, quality control, dissemination strategy, antibiotics tested and
methods to define resistance (diffusion or dilution tests), type of
tests and breakpoints used (European Committee on Antimicrobial
Susceptibility Testing (EUCAST) or Clinical and Laboratory Stan-
dards Institute (CLSI) epidemiologic or clinical cutoff values) [7,8].

Results

Three different types of surveillance systems for livestock and
meat were identified: EU surveillance systems, industry financed
supranational surveillance systems and national surveillance
systems.

We included 40 reports in total in the study, 30 publications
directly identified via PubMed and ten additional reports via open
Internet searches and contacting experts, or via checking reference
lists; six reports on EU-financed antimicrobial monitoring pro-
grammes and industry-financed programmes and 34 reports on
national AMR surveillance programmes were retrieved and stud-
ied. For ten countries, information on national AMR surveillance
systems was retrieved from contacted competent authorities or
institutes responsible for AMR studies in livestock. Thirty peer-
reviewed articles were screened to identify published networks
of veterinary surveillance systems.

EU-financed antimicrobial monitoring programmes

The results of EU surveillance systems in food-producing ani-
mals and meat are published in a joint report from the European
Food Safety Authority (EFSA) and the European Centre for Disease
Prevention and Control (ECDC) based on reporting EU/EEA MSs [8],
and are in many occasions also included in national reports. The
joint EFSA/ECDC report provides instructions for participating MSs
how to test for Salmonella spp., Campylobacter jejuni and
Campylobacter coli, indicator commensal bacteria Enterococcus spp.,
E. coli and ESBL-, AmpC- or carbapenemase-producing E. coli ob-
tained from bovids, pigs and poultry at the farm, slaughterhouse
and derived meat sampled at the retail level.

Industry-financed supranational programmes

A nongovernmental initiative is the antimicrobial monitoring
undertaken by CEESA, financed by the veterinary pharmaceutical
industry. Although CEESA projects are co-owned by industry, re-
sults are presented to peer-reviewed journals to ensure indepen-
dent reporting. This initiative intends to create insight in AMR
development to provide an alert for the pharmaceutical companies
to increase resources in research and development of new antibi-
otics. CEESA conducts four AMR resistance surveillance and moni-
toring programmes across Europe: European Antimicrobial
Susceptibility Surveillance in Animals (EASSA), VetPath, ComPath
and MycoPath. The industry's EASSA examines the antimicrobial
susceptibility of zoonotic and commensal bacteria in healthy food
animals [5].
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The second industry-funded programme VetPath surveys anti-
microbial susceptibility of bacterial pathogens causing disease in
animals relevant for our study. In 2016, results were published on
lung samples or nasopharyngeal/nasal swabs from cattle and pigs
with respiratory disease. Pasteurella multocida, Mannheimia hae-
molytica and Histophilus somni were isolated from cattle and
P. multocida, Actinobacillus pleuropneumoniae, Haemophilus parasuis
and Bordetella bronchiseptica were isolated from pigs. AMR was
evaluated by microdilution tests in one central laboratory, applying
primary CLSI clinical breakpoints when available [9,10].

The EU/EFSA/ECDC programme (based on Decision 2013/652/
EU) and the EASSA programmes differ in their setup. The EASSA
programme collects faecal or caecal isolates from beef cattle,
slaughter pigs and broiler chickens in slaughterhouses, and it uses
a protocol with uniform methods of sampling and bacterial
isolation, together with a single central laboratory for suscepti-
bility testing. Both epidemiologic cutoff values (ECOFFs) and
clinical breakpoints are applied to interpret the minimum inhib-
itory concentration (MIC) results, essentially following CLSI and
EUCAST guidelines. The EU/EFSA/ECDC programme collects sam-
ples from cattle, pigs and poultry at farms, slaughterhouses or
processing plants, or from derived meat at retail. Not all MSs
report annually, and MSs do not always test the complete range of
antimicrobials recommended by EFSA [11,12]. The microorganisms
selected, as well as most of the antimicrobial agents for moni-
toring, are the same for the EFSA and EASSA programmes. How-
ever, the main difference between EFSA and EASSA programmes
are the readouts: EFSA categorizes all isolates with a MIC value
above the ECOFF as ‘resistant,’ whereas EASSA differentiates be-
tween ‘percentage decreased susceptible’ and ‘percentage clini-
cally resistant’ strains by applying both ECOFFs and clinical
breakpoints. Another difference is that EASSA uses one laboratory,
whereas for the EU/EFSA/ECDC programme, tests are performed in
many different laboratories across Europe [12].

The results of AMR monitoring programmes in livestock that
operate at an international (European) level are summarized in
Table 1.
Table 1
Antimicrobial resistance monitoring programmes in livestock that cover European Union

Origin Bacteria Animals and derived meat

EU (Commission and
EU member states)

� Salmonella spp.
� Campylobacter jejuni and

Campylobacter coli
� Escherichia coli
� Enterococcus faecalis

and E. faecium
� ESBL- or AmpC- or

carbapenemase-producing
Salmonella spp. and E. coli

Bovids, pigs, poultry (broilers
laying hens, fattening turkey

EASSA (industry) � Salmonella spp.
� Campylobacter
� Enterococcus
� E. coli

Beef cattle, slaughter pigs,
broiler chickens

VetPath
(industry)

� Staphylococcus aureus
� E. coli
� Pasteurella multocida
� Mannheimia haemolytica
� Histophilus somni
� P. multocida
� Actinobacillus

pleuropneumoniae
� Haemophilus parasuis
� Bordetella bronchiseptica
� Streptococcus suis
� Streptococcus uberis

Cattle, pigs

CLSI, Clinical and Laboratory Standards Institute; EASSA, European Antimicrobial Susce
European Committee on Antimicrobial Susceptibility Testing.
National antimicrobial monitoring programmes

At the national level, there is no uniform European system of
monitoring and reporting of AMR in zoonotic agents and veterinary
pathogens in livestock (Table 2). In several countries, national AMR
reports are lacking, or information is only available in unpublished
databases in the local native language. In many available reports,
details are lacking about samplingmethods, antimicrobial methods
and cutoff values used (Tables 2 and 3). Reports also greatly differ in
content and layout, and materials and methods of reports are not
homogenously presented. As a result of these shortcomings, a
critical appraisal of the reports to determine the quality of the
surveillance programmes cannot be performed.

National reports from countries that published annually on AMR
in livestock issued after 2012 were reported, including more details
on methodology, publication of modalities of results, data on ge-
netic identification of resistance genes and plasmids, availability,
timeliness and transparency of reports. We studied in more detail
national reports that fitted our inclusion criteria on AMR moni-
toring in livestock from 13 countries. In the national reports,
phenotypic susceptibility testing of all bacteria mentioned in de-
cision 2013/652/EU (Enterococcus spp., E. coli, Salmonella spp. and
Campylobacter spp.) in all relevant livestock species is performed by
only two of 13 countries. Most countries do not report additional
voluntary monitoring activities. Characterization of the AMR genes
is done quite differently among the countries studied. For example,
Sweden reports AMR genes on the highest number of bacterial
species and identifies resistance genes and plasmids in Staphylo-
coccus aureus, Enterococcus spp., E. coli and Salmonella spp.
(Table 4).

Only 13 of the 31 EU/EEA MSs systematically monitor AMR in
pathogens derived from diseased animals (Table 5). Of these 13
countries, only nine publish multiannual reports of surveillance
programmes for the monitoring of animal pathogens in addition to
the EU mandatory reporting of zoonotic bacteria (Table 2). Most of
these programmes are passive surveillance systems set up to help
veterinarians in the field choose the correct antibiotic. We did not
or multiple countries

Origin of samples Susceptibility test Readout

,
s)

Farm, slaughterhouse,
retail

Dilution tests,
diffusion tests

Epidemiologic cutoff values

Intestinal samples taken
at slaughter

Microdilution Clinical breakpoints (CLSI);
epidemiologic breakpoints
(EFSA)/EUCAST

Lung samples or
nasopharyngeal/nasal
swabs; mastitis samples

Microdilution Clinical breakpoints (CLSI)

ptibility Surveillance in Animals; EFSA, European Food Safety Authority; EUCAST,



Table 2
Summary of antimicrobial monitoring characteristics of European Union and European Economic Area member states

EU/EEA
country

Information retrieved from: Report
available
online

Year of first
publication

Annual report
(years included in
last publication)

Language
used in
report

Method Breakpoints used to interpret susceptibility Monitoring
of veterinary
pathogensa

Mandatory EU
monitoring

Genetic
technique
appliedb

Inclusion
criteria
met

Broth
dilution

Disk
diffusion

EUCAST CBPs
(CLSI)

CA-SFM
guidelines

Epidemiologic
cutoff values

CBPs

AT AURES Yes 2000 Yes (2015) DE Xc X No Yes Yes Yes
BE FAVV Yes 2003 No (2012e2013) EN Xc X No Yes Yes Yes
‘North’ DGZ-VZW Yes 2015 No (2012e2015) NL Not specified Yes No No No
‘South’ ARSIA Yes 2005 Yes (2015) FR X X X Yes No No No
BG dd

CH ARCH-VET Yes 2006 No (2014e2015) EN Xc X No Yes Yes Yes
CY Next to mandatory EU reporting, no additional national report available
CZ See Table 3 No d No EN X X X X Yes No No No
DE GERMAP Yes 2009 Yes (2015) DE (EN)e X X Yes Yes Yes Yes

GERMVET Yes 2001 No (2013) DE X X Yes Yes Yes No
DK DANMAP Yes 1995 Yes (2015) EN Xc X X Yes Yes Yes Yes
EE See Table 3 Yes 2006 No EE Xf X Yes Yes Yes No
ES VAV Yes 2004 No (2005) ES/ENg Xc X X Yes Yes No No

Informe de zoonosis y
resistencias
antimicrobianas

Yes 2005 Yes (2014) ES X No Yes No Yes

FI FINRES-VET Yes 2002 No (2010e2012) EN Xf X Yes Yes Yes Yes
FR ONERBA Yes 2002 No (2013e2014) FR/EN X X Yes Yes No Yes

RESAPATH Yes 1982 Yes (2015) FR (EN)e X X Yes No No Yes
GR Next to mandatory EU reporting, no additional national report available
HR d

HU Next to mandatory EU reporting, no additional national report available
IS See Table 3 No d No (2015) IS X X No Yes Yes No
IE All-Island Surveillance report Yes 2010 Yes (2014) EN X X Yes Yes No Yes
IT ITAVARM Yes 2003 No (2003) IT/EN Xc X X Yes Yes No No

See Table 3 Yes 2014 No (2014) IT/EN X X No Yes No No
LV d

LT Next to mandatory EU reporting, no additional national report available
LU Next to mandatory EU reporting, no additional national report available
MT Next to mandatory EU reporting, no additional national report available
No NORM-VET Yes 1999 Yes (2015) EN Xc X No Yes Yes Yes
NL NETHMAP/MARAN Yes 2002 Yes (2015) EN Xc X No Yes Yes Yes
PL See Table 3 No d No d Xc X X X X No Yes Yes No
PT Next to mandatory EU reporting, no additional national report available
RO d

SK d

SI See Table 3 No 2015 No X X X Yes Yes Yes No
SE SVARM Yes 2000 Yes (2015) EN Xh X Yes Yes Yes Yes
UK UK-VARSS Yes 2012 Yes (2015) EN X X X X Yes Yes Yes Yes

CA-SFM, Comit�e de l’Antibiogramme de la Soci�et�e Française de Microbiologie; CBP, clinical breakpoint; CLSI, Clinical and Laboratory Standards Institute; EUCAST, European Committee on Antimicrobial Susceptibility Testing.
a Antimicrobial resistance data reported from clinically relevant bacteria originating from livestock (for further details, see Table 5).
b Genetic techniques are applied to identify resistance genes or plasmids regardless in what bacteria species.
c Sensititre, Trek Diagnostics.
d No information could be retrieved.
e English-language reports were released 2e3 years later.
f VetMIC, Sweden.
g Full report available in both languages at same time.
h VetMIC and Sensititre (Trek Diagnostics, UK); different panels are used depending on bacterial species tested and purpose of investigation (monitoring or clinical diagnostics).
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Table 3
Country characteristics and reporting of national antimicrobial testing in European Union and European Economic Area member states in livestock

No. EU/EEA
country

Title/acronym
national report

Characteristics of national surveillance Source

1 AT AURES AMR surveillance programme AURES has run since 2000. It contains
zoonotic and indicator bacteria in animals, as prescribed by
mandatory EU reporting on AMR in accordance with Reg. (EC) No.
2160/2003.

Strauss R, Muchl R, Metz-Gercek S, Sagl M, Allerberger F, Hrabcik H,
et al. AURESdthe first Austrian report on antimicrobial resistance:
perspective of human sector. Euro Surveill 2007;12:E071213.
Rendi-Wagner P, Herzog U. Resistenzbericht €Osterreich AURES 2014
Antibiotikaresistenz und Verbrauch antimikrobieller Substanzen in
€Osterreich. November 2015.
Rendi-Wagner P, Herzog U. Resistenzbericht €Osterreich AURES 2015
Antibiotikaresistenz und Verbrauch anti-mikrobieller Substanzen in
€Osterreich. November 2016.

2 BE FAVV Multiannual AMR monitoring is coordinated by Centrum voor
Onderzoek in Diergeneeskunde en Agrochemie/Centre de
Recherches et d’Etudes V�et�erinaires et Agrochimiques (CODA-
CERVA) and published by Federal Agency for Safety of Food Chain
(FAVV-AFSCA). Results of antimicrobial susceptibility of veterinary
pathogens are published by animal health service
(Diergezondheidszorg, DGZ) essentially covering Flemish region,
and Association R�egionale de Sant�e et d’Identification Animales
(ARSIA) for French- and German-speaking regions in country.

ARSIA. Antibiogrammes. Rapport d'activit�e et r�esultats de l’ARSIA.
2013;4.
Diergezondheidszorg Vlaanderen (DGZ). Antibiotica resistentie
evolutie 2012e2015. Available at: http://www.dgz.be/publicatie/
antibioticaresistentie-evolutie-2012-2015.
Federal Agency for Safety of Food Chain (FAVV-AFSCA), Scientific
Institute of Public Health (WIV-ISP), Veterinary and Agrochemical
Research Centre (CODA-CERVA). Trends and sources 2012
e2013dreport on zoonotic agents in Belgium. 2015.

3 BG d No information could be retrieved.
4 CH ARCH-VET In 2006 Food Safety and Veterinary Office (FSVO) introduced a

system to enable continuous monitoring of AMR in livestock. Since
2009 data on sales of veterinary antimicrobials and resistance rates
are annually published. First joint report from anresis.ch and ARCH-
VET on antimicrobial consumption and resistance monitoring in
humans and livestock was published in 2015, covering data from
2013. Second report was published in November 2016 and covered
2014e2015 data.

Federal Office of Public Health and Federal Food Safety and
Veterinary Office. Swiss Antibiotic Resistance Report 2016. Usage of
antibiotics and occurrence of antibiotic resistance in bacteria from
humans and animals in switzerland. anresis chdARCH-VET,
November 2016.
Federal Office of Public Health and Federal Food Safety and
Veterinary Office. Swiss Antibiotic Resistance Report 2013. Usage of
antibiotics and occurrence of antibiotic resistance in bacteria from
humans and animals in Switzerland. anresis cheARCH-VET,
November 2015.

5 CY d Only mandatory EU surveillance on AMR is implemented. Data are
directly reported to EFSA and used in EFSA reports.

Vasiliki Christodoulou, personal communication, 6 December 2016,

6 CZ d Monitoring system in place since 2015. Clinically relevant
pathogens are included, and programme is aimed at providing
better information to attending vets. Programme is organized and
financed by State Veterinary Administration of Czech Republic
(Tom�a�s �Cerný, personal communication, 7 December 2016). Only
clinically important pathogens are tested.

Pokludov�a L, Nedbalcov�a K, Dubsk�a M, Cerný T, Bures J, Satr�an P,
editors. Czech Republic national programme of monitoring
antimicrobial resistance of pathogens with veterinary importance.
Poster presented at: Antimicrobial Agents in Veterinary Medicine
(AAVM) annual meeting; August 2016; Budapest, Hungary.

7 DE GERMVET Bundesamt für Verbraucherschutz und Lebensmittelsicherheit
(BLV) has since 2001 a network of 40 national laboratories engaged
in AMR. Since 2006e2007 isolates of non-food-producing sick
animals are also included. Paul Ehrlich Society, Department for
Infectious Diseases Freiburg and BVL have produced biannual
overview reports ‘AMR and Antibiotic Consumption Atlas of
Germany,’ which includes data from humans and animals.

Federal Office of Consumer Protection and Food Safety, Paul-
Ehrlich-Gesellschaft für Chemotherapie e.V., Infectiology Freiburg.
GERMAP 2012: antimicrobial resistance and consumptiondreport
on consumption of antimicrobials and spread of antimicrobial
resistance in human and veterinary medicine in Germany.
Antiinfectives Intelligence, April 2014.
Bundesamt für Verbraucherschutz und Lebensmittelsicherheit,
Paul-Ehrlich-Gesellschaft für Chemotherapie e.V. GERMAP 2015:
Bericht über den Antibiotikaverbrauch und die Verbreitung von
Antibiotikaresistenzen in der Human- und Veterin€armedizin in
Deutschland. Antiinfectives Intelligence, 2016.

8 DK DANMAP AMR DANMAP surveillance programme provides results according
to mandatory EU reporting on AMR. Since 2012 national
surveillance of AMR in food animals, food and humans uses whole
genome sequencing (WGS) analysis for detection of resistance
genes, as well as multilocus sequence typing (MLST).

Høg BK, Korsgaard H, S€onksen UW. DANMAP 2014duse of
antimicrobial agents and occurrence of antimicrobial resistance in
bacteria from food animals, food and humans in Denmark.
DANMAP, September 2015.
Høg BK, Korsgaard H, S€onksen UW. DANMAP 2015duse of
antimicrobial agents and occurrence of antimicrobial resistance in
bacteria from food animals, food and humans in Denmark.
DANMAP, November 2016.

9 EE d AMR surveillance programme according to mandatory EU reporting
on AMR. Estonian University of Life Sciences carries out several
studies on AMR since 2000, which is available online in Estonian and
published every 2 to 3 years on website of Estonian agricultural and
rural advisory service. Veterinary and Food Board runs AMR
programmes since 2006. Monitoring includes mandatory tests as
well as some tests which are not mandatory according to EU
legislation.

Birgit Aasm€ae, personal communication, 14 December 2016.

10 ES Informe de
zoonosis y
resistencias
antimicrobianas

Veterinary Antimicrobial Resistance Surveillance Network (VAV)
was launched in 1997. VAV has published annual reports only in
2004 and 2005 on its website. In addition to EU mandatory AMR
surveillance, clinical samples from diseased animals were also
tested. More recently, annual reports were published by Ministerio
de Agricultura y Pesca, Alimentaci�on y Medio Ambiente
(MAGRAMA) in 2012, 2013 and 2014, including data from 2010.

Moreno MA, Domınguez L, Teshager T, Herrero IA, Porrero MC, de
�Avila, Laboratorio de Sanidad Animal, et al. Antibiotic resistance
monitoring: Spanish programme. Int J Antimicrob Agents
2000;14:285e90.
VAV Network. VAV 2005: veterinary monitoring of antimicrobial
resistance in Spain. 12th report. VAV Network, 12 December 2006.

(continued on next page)
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Table 3 (continued )

No. EU/EEA
country

Title/acronym
national report

Characteristics of national surveillance Source

11 FI FINRES-VET FINRES-VETmonitors antibiotic resistance and has run since 2002 at
Finnish Food Safety Authority (EVIRA). Clinical samples were also
tested by EVIRA.

Nyk€asenoja S, Kivilahti-M€antyl€a K, Pekkanen K, Rantala M. FINRES-
VET 2010e2012dFinnish veterinary antimicrobial resistance
monitoring and consumption of antimicrobial agents. Helsinki:
Finnish Food Safety Authority (EVIRA); April 2015.
Nuotio L, Myllyniemi A, Nyk€asenoja S, Kivilahti-M€antyl€a K. FINRES-
VET 2007e2009. Finnish veterinary antimicrobial resistance
monitoring and consumption of antimicrobial agents. Helsinki:
Finnish Food Safety Authority (EVIRA); March 2011.

12 FR ONERBA,
RESAPATH

ONERBA was established in 1997 and today publishes annual
reports containing data on surveillance of AMR in humans and
animals. It contains information for animals originating from
RESAPATH network, a surveillance network for AMR in pathogenic
bacteria of animal origin set up in 1982 as RESABO (BO for bovids).
In 2000 it was expanded to pigs and poultry, and in 2007 to other
animal species such as small ruminants, companion animals and
horses. RESAPATH is a passive or event-based surveillance network
comprising a voluntary network of laboratories, and data collected
depend on submission of samples from veterinary practitioners;
thus, data cannot be considered representative for whole country
but rather provide a good indication of AMR rates of isolates from
diseased animals. In addition to species included in Table 5,
antibiotic resistance was further tested in bovine isolates of
Arcanobacterium, Corynebacterium spp. and poultry Enterococcus
hirae isolates.

Conseil Scientifique de l’ONERBA. Observatoire National de
l’Epid�emiologie de la R�esistance Bact�erienne aux Antibiotiques
(ONERBA): rapport d'activit�e 2013e14. ONERBA 2015.
Gay E, Haenni M, Jarrige N, Jouy E, Madec J. RESAPATH (2014):
French surveillance network for antimicrobial resistance in
pathogenic bacteria of animal origin. March 2016.
Gay E, Haenni M, Jarrige N, Jouy E, Lupo A, Madec J. RESAPATH
(2015): r�eseau d’�epid�emiosurveillance de l'antibior�esistance des
bact�eries pathog�enes animales. November 2016.

13 GR d Only mandatory EU surveillance on AMR is implemented. Data are
directly reported to EFSA and used in EFSA reports.

Konstantinos Koutoulis, personal communication, 9 December
2016,

14 HR d No information could be retrieved.
15 HU d Only mandatory EU surveillance on AMR is implemented. Data are

directly reported to EFSA and used in EFSA reports
B�ela Nagy, personal communication, 24 November 2016.

16 IE All-Island Animal
Disease surveillance
report

Report is annually published by Agri-Food and Bioscience Institute
(AFBI) and Department of Agriculture, Food and Marine (DAFM). In
addition to species mentioned in Table 5, antibiotic resistance in
Escherichia coli and Staphylococcus aureus were tested in samples
from ovine enteric samples.

AFBI, DAFM. All-Island Animal Disease Surveillance Report, 2014.
Joint AFBI/DAFM Veterinary Laboratories publication.

17 IS d Mandatory monitoring as indicated by decision 2013/652/EU has
not yet been implemented, although the country decided to
perform sampling and testing methods as close as possible as
indicated in decision, so results should be comparable. This means
Salmonella, E. coli and Campylobacter spp. samples originating from
healthy pigs and poultry are tested, and in 2014e2015 MRSA was
also monitored in healthy slaughtered pigs for 1 year. 2014 was first
year a comprehensive national monitoring systemwas set up; since
then, ECOFFs were also used to interpret susceptibility. Genotypic
identification of resistant bacteria is carried out for ESBL/AmpC-
producing E. coli only.

Vigdís Tryggvad�ottir, personal communication, 16 January 2017.

18 IT ITAVARM First and only publically accessible national report on AMR
surveillance is dated 2003. Report was a result of a project started in
2003 by an appointed Veterinary Reference Centre for Antibiotic
Resistance. This project was carried out in collaboration with Istituti
Zooprofilattici Sperimentali and Veterinary National Reference
Centre for Salmonellosis. Samples originate from humans, food-
producing animals (bovid, ovind, swine, poultry) and pet animals
(cats, dogs, horses) as well as several bacteria. After 2003 ITAVARM
report, another report was published in 2014 by Italian Ministry of
Health, ‘Report on antimicrobial resistance of zoonotic bacteria and
commensal,’ which describes mandatory EU surveillance was
carried out for poultry only in 2014. Tests are performed in
accordance with requirements of Annex of Decision 2013/652/EU,
Part A, point 3.

Battisti A, Franco A, Busani L. ITAVARM 2003dItalian Veterinary
Antimicrobial Resistance Monitoringdfirst report. ITAVARM 2004.
Ministero della Saluta. Relazione sulla resistenza agli antimicrobici
dei batteri zoonotici e commensali (RSRAADB): report on
antimicrobial resistance of zoonotic bacteria and commensal
(2014)dpoultry sector. February 2016.

19 LT d Only mandatory EU surveillance on AMR is implemented. Data are
directly reported to EFSA and used in EFSA reports.

Asta Pereckiene, personal communication, 19 December 2016.

20 LU d Only mandatory EU surveillance on AMR is implemented. Data are
directly reported to EFSA and used in EFSA reports.

Albert Gambin, personal communication, 7 December 2016.

21 LV d No information could be retrieved.
22 MT d Only mandatory EU surveillance on AMR is implemented. Data are

directly reported to EFSA and used in EFSA reports.
Malou Grasges, personal communication, 25 November 2016.

23 NL NETHMAP/MARAN Monitoring programme in production animals, MARAN (Monitoring
of Antimicrobial Resistance and Antimicrobial Use in Animals in
Netherlands) published its first annual report in 2002. In addition to
surveillance of zoonotic and indicator bacteria in animals, as
prescribed by mandatory EU reporting on AMR, Netherlands also
monitors occurrence and genetic profiles of ESBL-producing E. coli
and Salmonella spp., carbapenemase-producing Enterobacteriaceae,
colistin-resistant E. coli, and MRSA. Apart from MARAN reports,

Mevius DJ, Dierikx CM. MARAN 2014dmonitoring of antimicrobial
resistance and antibiotic usage in animals in the Netherlands in
2013. NETHMAP/MARAN, June 2014.
Mevius DJ, Dierikx C, Veldman K. MARAN 2015dmonitoring of
antimicrobial resistance and antibiotic usage in animals in the
Netherlands in 2014. NETHMAP/MARAN, June 2015.
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Table 3 (continued )

No. EU/EEA
country

Title/acronym
national report

Characteristics of national surveillance Source

National Institute for Animal Health (GD Deventer) publishes
annual reports on their monitoring activities on national level, in
which chapter is included focused on AMR for large group of
bacteria species relevant to livestock according to routine
bacteriologic examinations.

24 No NORM-VET Monitoring programme on use of antimicrobial agents and
occurrence of AMR follows EU requirements. Apart from EU
mandatory AMR reporting, survey of MRSA in pigs is performed
annually.

Simonsen GS, Urdahl AM. NORM/NORM-VET 2014. Usage of
antimicrobial agents and occurrence of antimicrobial resistance in
Norway. NORM/NORM-VET, September 2015.
Simonsen GS, Urdahl AM. NORM/NORM-VET 2015. Usage of
antimicrobial agents and occurrence of antimicrobial resistance in
Norway. NORM/NORM-VET, September 2016.
Urdahl AM, Bergsjø B, Norstr€om M, Grøntvedt CA. The surveillance
programme for methicillin resistant Staphylococcus aureus in pigs in
Norway 2015. Surveillance programmes for terrestrial and aquatic
animals in Norway. Annual report, 2015. March 2016.

25 PL d Apart from mandatory EU/EFSA reporting, parallel monitoring on
AMR in commensal E. coli, Campylobacter and Enterococcus spp. is
carried out by National Veterinary Research Institute (NVRI) of
Poland without a summarizing annual national report to be
produced. Programme for E. coli began in 2009 and is scheduled
until 2018; it collects samples from broilers at slaughter, laying
hens, turkey, swine and cattle. In same period staphylococci
inducing mastitis strains are also monitored. Broth microdilution
tests are used (Sensititre TREK DS), and EUCAST ECOFFs are used to
interpret susceptibility of tested strains. Only phenotypic resistance
is tested; these resistance patterns were used to interpret
coresistance and cross-resistance. Genotypic identification of
resistance genes and plasmids is carried out for E. coli and MRSA.
NVRI is also participating in different EU projects, such as EFFORT
and ENGAGE. Both projects are running on AMR, and within
ENGAGE project, whole-genome sequencing of resistant Salmonella
and E. coli strains is carried out.

Wasyl D, Hoszowski A, Szulowski K, Zając M. Antimicrobial
resistance in commensal Escherichia coli isolated from animals at
slaughter. Front Microbiol 2013;4:221.
Dariusz Wasyl, personal communication, 2 December 2016; Jolanta
Rola, personal communication, 13 December 2016; Kinga
Wieczorek, personal communication, 15 December 2016; Hanna
Rozanska, personal communication, 19 December 2016.

26 PT d Several reports for AMR surveillance following mandatory EU
surveillance have been prepared in last decade. Marinho et al.
(2016) published a comprehensive overview of all these reports and
summarized them, showing mainly tests for AMR tests on
Enterococcus spp. and E. coli from different origin (humans; food-
producing, wild and pet animals). Antibiotic susceptibility tests
were performed by disk diffusion method following CLSI guidelines.
Latest publication on antimicrobial susceptibility in isolates
collected from food-producing animals was issued in 2012.

Marinho CM, Santos T, Gonçalves A, Poeta P, Igrejas G. A decade-
long commitment to antimicrobial resistance surveillance in
Portugal. Front Microbiol 2016;7.

27 RO d No information could be retrieved.
28 SE SVARM First report from Swedish veterinary AMR monitoring programme

dates to 2001. Besides mandatory EFSA monitoring, clinical isolates
from animals are classified. Also pathogens in sheep are monitored,
most importantly Mannheimia haemolytica and Bibersteinia
trehalosi.

Hellman J, Aspeval O, Bengtsson B, Pringle M. Consumption of
antibiotics and occurrence of antibiotic resistance in Sweden.
SWEDRES/SVARM, 2015.
Hellman J, Aspeval O, Bengtsson B, Pringle M. Consumption of
antibiotics and occurrence of antibiotic resistance in Sweden.
SWEDRES/SVARM, 2014.

29 SI d Apart from mandatory EU/EFSA reporting, limited number of
samples assessed for indicator bacteria according to annual national
programme. Clinical isolates from livestock are tested according to
routine bacteriologic examinations, but results are not collected and
annually evaluated.

Irena Zdovc, personal communication, 7 December 2016.

30 SK d No information could be retrieved.
31 UK UK-VARSS VARSS (Veterinary Antibiotic Resistance and Sales Surveillance)

programme issued its first combined antibiotic resistance and sales
report in 2012. Veterinary pathogens were also tested. The
following zoonotic bacteria were additionally tested: Trueperella
pyogenes in pigs; and B. trehalosi in cattle and sheep. For EU-
harmonized monitoring of resistance data, bacteria were classified
as susceptible or resistant by both ECOFFs and human clinical
breakpoints, as published by British Society for Antimicrobial
Chemotherapy (BSAC). However, BSAC adopted EUCAST values in
their guidelines. For clinical surveillance data, resistance was
classified based on human clinical breakpoints.

Borriello SP, Broadfoot F, Brown S, Grace K, Harris C, Healey K, et al.
UK veterinary antibiotic resistance and sales surveillance report.
UK-VARSS 2015.
Borriello SP, Grace K, Harris C, Reeves H, Healey K, Coyne L. UK
veterinary antibiotic resistance and sales surveillance report. UK-
VARSS 2014.

AMR, antimicrobial resistance; CLSI, Clinical and Laboratory Standards Institute; ECOFF, epidemiologic cutoff value; EFSA, European Food Safety Authority; EUCAST, European
Committee on Antimicrobial Susceptibility Testing; MRSA, methicillin-resistant Staphylococcus aureus.
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Table 4
Monitoring of bacteria and resistance mechanisms of human interest by country

Bacteria EU mandatory AT BE CH DK FI

Cattle Pigs Poultry Food Cattle Pigs Poultry Food Cattle Pigs Poultry Food Cattle Pigs Poultry Food Cattle Pigs Poultry Food

Staphylococcus aureusa Only human H H H d H H d H H H d I H d d

Methicillin resistant Oxacillin, tested X
Cefoxitin, tested X X X X X X d d d X X
Genotypicb A A A A A X P P P C A

Vancomycin resistant X X X X X X
Enterococcus faecalis Only human H H H d H d H d d H H H H H d

Vancomycin resistant Phenotypic X X X X d X X X X X X X
Genotypic X

Enterococcus faecium Only human H H H d H d H d d H d H H H d

Vancomycin resistant Phenotypic X X X X d X X X X X X
Genotypic X

Escherichia coli H H H H H H H H H H H H B B H d

ESBL/AmpC Phenotypicc

Phenotypicd X X X X X X X X X X X X X X X X X X X X
Second ESBL/AmpC teste X X X X X O O X X X X X X X X O O

Genotypic X X X X X X X X X X X X
Carbapenemase resistant Phenotypicf X X X X X d d d d X X X X X X X X d d d

Genotypic X X X X X X X X
Colistin resistant Phenotypic X d X d X X X X d X X X X X X X X X X X

Genotypic X X X X X
Ciprofloxacin resistant Phenotypic d X d X X X X d X X X X X X X X X X X

Genotypic
Salmonella spp. d H H I I I I I I d d H d H H H
ESBL/AmpC Phenotypicc

Phenotypicd X X X X X X X X X X X X X X X X X
Second ESBL/AmpC teste X X X X

Genotypic X X X X X X X
Carbapenemase resistant Phenotypic X X X X d d d d d d d X X d d d d

Genotypic X X X
Colistin resistant Phenotypic X X X X X X X X X X X X X d d d d

Genotypic
Ciprofloxacin resistant Phenotypic d X X X X X X X X X X X X X X X

Genotypic
Klebsiella pneumonia Only human Only human d d d d Only human d d d d

ESBL/AmpC Phenotypicc

Phenotypicd

Genotypic
Campylobacter spp. d d H d d d d H H d H d H H H H d

Campylobacter jejuni d d d d d d d d d

Carbapenemase resistant Phenotypic d X d d d d d d d d d

Genotypic
Colistin resistant Phenotypic d X d d d d d d d d d

Genotypic
Ciprofloxacin resistant Phenotypic X X X X d X X X X X d X

Genotypic
Erythromycin resistant Phenotypic X X X X d X X X X X d X

Genotypic
Campylobacter coli d d d d d d d d d d d d

Carbapenemase resistant Phenotypic d X d d d d d d

Genotypic
Colistin resistant Phenotypic d X d d d d d d

Genotypic
Ciprofloxacin resistant Phenotypic d X X X X d d X

Genotypic
Erythromycin resistant Phenotypic d X X X X d d X

Genotypic
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Bacteria EU mandatory FR DE IE NL NO

Cattle Pigs Poultry Food Cattle Pigs Poultry Food Cattle Pigs Poultry Food Cattle Pigs Poultry Food Cattle Pigs Poultry Food

Staphylococcus aureus I d I d I I I d I I I d Only human H H d d

Methicillin resistant Oxacillin, tested X d X X X
Cefoxitin, tested X X d X X X X X
Genotypicb X X A P P P A X

Vancomycin resistant X X X X X
Enterococcus faecalis I d I d I d d d d d d d H H H d d H
Vancomycin resistant Phenotypic d d X X X X X X X

Genotypic X X
Enterococcus faecium I d d d I d d d d d d d H H H d d H
Vancomycin resistant Phenotypic d X X X X X X X

Genotypic X X
Escherichia coli I I I d I I I d I I I d H H H H H H
ESBL/AmpC Phenotypicc X X X X X X d d d

Phenotypicd X X X d d d X X X X X X X X
Second ESBL/AmpC teste X d d d d d d d d d d d

Genotypic X X X X X X X X X X X
Carbapenemase resistant Phenotypic X d d d d d d d d d X X X X X X X

Genotypic d X X X X X
Colistin resistant Phenotypic X X X X X X X d d d X X X X X X X X

Genotypic
Ciprofloxacin resistant Phenotypic d d d X d X d d d X X X X X X X X

Genotypic
Salmonella spp. I d d d I I d d d d d d B B H B B B
ESBL/AmpC Phenotypicc X X X

Phenotypicd X X X X X X X X X X X
Second ESBL/AmpC teste X d d d d d d d d

Genotypic X X X X
Carbapenemase resistant Phenotypic X d d d X X X d X X X X

Genotypic X X X d

Colistin resistant Phenotypic X d X X X X X d X X X X
Genotypic

Ciprofloxacin resistant Phenotypic d d d X X X d X X X X
Genotypic

Klebsiella pneumonia I d d d I d d d d d d d Only human Only human
ESBL/AmpC Phenotypicc X X

Phenotypicd X
Genotypic

Campylobacter spp. d d d d H d d d d d d d H H d H H d

Campylobacter jejuni d d d d d d d d d d d d d

Carbapenemase resistant Phenotypic d d d d d d d

Genotypic
Colistin resistant Phenotypic d d d d d d d

Genotypic
Ciprofloxacin resistant Phenotypic X X X d X X d X

Genotypic
Erythromycin resistant Phenotypic X X X d X X d X

Genotypic
Campylobacter coli d d d d d d d d d d d d d

Carbapenemase resistant Phenotypic d d d d d d d

Genotypic
Colistin resistant Phenotypic d d d d d d d

Genotypic
Ciprofloxacin resistant Phenotypic X X X X X X d

Genotypic
Erythromycin resistant Phenotypic X X X X X X d

Genotypic

(continued on next page)
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Table 4 (continued)

Bacteria EU mandatory SE UK ES

Cattle Pigs Poultry Food Cattle Pigs Poultry Food Cattle Pigs Poultry Food

Staphylococcus aureus B d d d I I I d d d d d

Methicillin resistant Oxacillin, tested X d d d

Cefoxitin, tested X d d d

Genotypicb C P P P
Vancomycin resistant
Enterococcus faecalis H H H d d d d d H H d

Vancomycin resistant Phenotypic X X X X X X
Genotypic X X X X

Enterococcus faecium H H H d d d d H H H d

Vancomycin resistant Phenotypic X X X X X X X
Genotypic X X X X

Escherichia coli B B H I B B d H H H d

ESBL/AmpC Phenotypicc

Phenotypicd X X X X X X X d X X X
Second ESBL/AmpC teste X d d d d O O

Genotypic X X X X
Carbapenemase resistant Phenotypic X X X X X d X X d d d

Genotypic X X X X
Colistin resistant Phenotypic X X X X X d X X d d X

Genotypic X X X X
Ciprofloxacin resistant Phenotypic d d d d d X d X X X

Genotypic
Salmonella spp. I I I d I B B d d H H
ESBL/AmpC Phenotypicc

Phenotypicd X X X X X X X X X X
Second ESBL/AmpC teste X d d d d d d

Genotypic
Carbapenemase resistant Phenotypic X d d d d X X d d

Genotypic
Colistin resistant Phenotypic X X X X X X X d X X

Genotypic X X X d X d

Ciprofloxacin resistant Phenotypic X X X X X X X X X
Genotypic

Klebsiella pneumonia I d d d I d d d d d d d

ESBL/AmpC Phenotypicc

Phenotypicd X X
Genotypic X

Campylobacter spp. H H H d d H d H H H d

Campylobacter jejenu d d d d

Carb- resistant Phenotypic d d d d d d d d

Genotypic
Colistin resistant Phenotypic d d d d d d d d

Genotypic
Ciprofloxacin resistant Phenotypic X X d X X X X d X

Genotypic
Erythromycin resistant Phenotypic X X d X X X X d X

Genotypic
Campylobacter coli d d d d

Carbapenemase resistant Phenotypic d d d d d d d d

Genotypic
Colistin resistant Phenotypic d d d d d d d d

Genotypic
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identify a considerable mismatch between antibiotics used in AMR
testing in veterinary surveillance and antibiotics that are relevant
for human medicine (Table 6), although some antibiotics of human
interest are missing or are only used in a single country, notably
piperacillin, ertapenem, imipenem or meropenem, cotrimoxazole,
nitrofurantoin, rifampicin, metronidazole, vancomycin, teicoplanin,
daptomycin, linezolid and fosfomycin. Most antibiotics of human
interest are covered by use of related antibiotics (flucloxacillin by
amoxicillin; cefaclor by cefazolin or cefalexin; ceftriaxone and
ceftibuten by cefotaxime; ofloxacin and moxifloxacin by cipro-
floxacin; azithromycin and clarithromycin by erythromycin; tige-
cycline by minocycline). However, we cannot conclude whether
antibiotics that are relevant for human medicine are adequately
covered by the multiannual veterinary surveillance programmes
because data are lacking on the representativeness of samples,
animal species covered and bacterial isolates identified.
Availability, timeliness and transparency of results

Recent data on AMR in zoonotic bacteria and veterinary path-
ogens in livestock in the EU are not available. The joint reports from
EFSA and ECDC based on mandatory reporting in EU/EEA MSs are
published about 2 years after the date of the sampling: the EU
summary report on AMR in zoonotic and indicator bacteria from
humans, animals and food in 2014 was published in 2016 [8].
Likewise, the ECDC/EFSA/EMA first joint report on the integrated
analysis of the consumption of antimicrobial agents and occurrence
of AMR in bacteria from humans and food-producing animals
contained data from 2011 and 2012; this report was published in
2015 [7].

Only four of 31 countries (DE, DK, SE and UK) published yearly
reports with results of mandatory EU reporting and monitoring of
veterinary pathogens in English. Further, only 11 of the 31 countries
published annual national AMR reports more than 2 years in a row
in English or a local native language. Three countries do publish on
a regular basis, but reports are based on 2-year periods (BE (Federal
Agency for Safety of Food Chain, FAVV), FI, FR). Fourteen of 31 of the
countries published national reports fully in English. Five countries
published national reports written in a local native language; three
of these were accompanied by an English-language written ab-
stract. Two countries only published national reports once: Spain
(Veterinary Antimicrobial Resistance Surveillance Network (VAV),
2005) and Italy (Italian Veterinary Antimicrobial Resistance Moni-
toring (ITAVARM), 2003).
Discussion

International level

The mandatory EU antibiotic resistance programmes in food-
producing animals currently implemented in EU countries pro-
vides only limited information. Many EU countries supplement this
lack of data with national surveillance programmes for antibiotic
resistance of veterinary pathogens, which however are not linked
with the mandatory reporting systems. The industry-funded pro-
grammes are executed independent from the EU and national
programmes. Although VetPath does not provide direct evidence
for susceptibility of human pathogens for antimicrobials used in
humanmedicine, many of the antibiotics evaluated are also used in
human medicine, and several of the pathogens tested, notably
S. aureus, E. coli and Streptococcus suis, also bear relevance as
potentially human pathogens.



Table 5
Overview of antimicrobial resistance monitoring in clinical isolates in livestock in European countries with data published in multiannual national reports.

Species Animal pathogen BE (DGZ-VZW) BE (ARSIA) CZ DK DE (GERMAP) DE (GERMVET) EE ES (VAV) FI FR (RESAPATH) IE IT NLa SE UK

Bovid Staphylococcus aureus (mastitis) X X X X X X X X X X X X X
Escherichia coli (mastitis) X X X X X X X X X X X X X
Streptococcus uberis X X X X X X X X X X
Streptococcus dysgalactiae X X X X X X
Streptococcus agalactiae X X X X
Klebsiella spp. (mastitis) X X X X X X
Coagulase-negative
staphylococci (mastitis)

X X X X X X

Salmonella spp. X X X X X X
Pasteurella spp. X X X X X X X X X X X
Histophilus somni X X X X
E. coli (enteritis) X X X X X X X X X
Mannheimia haemolytica X X X X X X X X X X

Swine H. somni X
Pasteurella multocida X X X X X X X X
Salmonella spp. X X X X
E. coli (enteritis) X X X X X X X X X
Actinobacillus pleuropneumoniae X X X X X X X X X X
Haemophilus parasuis X X
Brachyspira spp. X X X
Bordetella bronchiseptica X X X X
Staphylococcus hyicus X X X X X
S. aureus X X X X X
Streptococcus suis X X X X X X X
Enterococcus hirae X
Clostridium perfringens X

Poultry E. coli X X X X X X X
Gallibacterium anatis X X
P. multocida X X
Pseudomonas spp. X X
S. aureus X X X X X X X
Ornithobacterium rhinotracheale X
Riemerella anatipestifer X
Enterococcus cecorum X X X X
Enterococcus faecalis X X

See Table 4 for an explanation of the published reports from which these data are derived
a Monitoring by National Institute for Animal Health (GD Deventer), not published in a publicly available report.

Table 6
Antibiotics of human relevance monitored in veterinary surveillance programmes

Antibiotic Monitoreda Monitoring programme

Penicillin Yes BE (DGZ-VZW); CZb; DK; EE; FI; FR (RESAPATH); IT (ITAVARM 2003); NL
(GD monitoring); SE; UK

Ampicillinc Yes BE (DGZ-VZW); DE (GERMAP and GERMVET); CZ; DK; EE; FI; FR
(RESAPATH); IE; IT (ITAVARM 2003); NL (GD monitoring); SE; UK

Amoxicillin Yes BE (ARSIA); FR (RESAPATH); ESVAV Network; NL (GD monitoring)
Flucloxacillin No
Oxacillin Yes FI; FR (RESAPATH); DE; EE; IT (ITAVARM 2003); NL (GD monitoring)
Amoxicillin/clavulanic acid Yes BE (GERMAP and GERMVET); FR (RESAPATH); DE; DK; ESVAV Network;

IT (ITAVARM 2003); NL (GD monitoring); UK
Piperacillin No NA
Piperacillin/tazobactam No NA
First-generation cephalosporin
Cefalexin Yes BE (GERMAP and GERMVET); FR (RESAPATH); NL (GD monitoring); UK
Cefazolin Yes DE; IT (ITAVARM 2003)
Cefalotin Yes FI; FR (RESAPATH); DE; EE; ESVAV Network; IT (ITAVARM 2003)
Cefaclor No

Third-generation cephalosporin
Cefotaximec Yes FI; DE; EE; ESVAV Network; IT (ITAVARM 2003); NL (GD monitoring);

SE; UK
Ceftriaxone No
Ceftazidimec Yes BE (ARSIA); CZ; EE; ESVAV Network; FI; UK
Ceftiofur Yes BE (GERMAP and GERMVET); FR (RESAPATH); DE; DK; NL (GD

monitoring); SE
Fourth-generation cephalosporin
Cefepime Yes NL (GD monitoring);
Cefquinome Yes BE (GERMAP and GERMVET); FR (RESAPATH); DE; NL (GD monitoring)

Ertapenemd No
Imipenem,d meropenemc Yes ESVAV Network
Trimethoprimc Yes FI; FR (RESAPATH); EE; ESVAV Network; NL (GD monitoring)
Cotrimoxazole No

R. Schrijver et al. / Clinical Microbiology and Infection 24 (2018) 577e590588



Table 6 (continued )

Antibiotic Monitoreda Monitoring programme

Nitrofurantoin Yes SE
Ciprofloxacin/ofloxacinc Yes FI; DE; DK; EE; ESVAV Network; SE; UK
Moxifloxacin No
Rifampicin Yes FR (RESAPATH)
Erythromycinc Yes BE (GERMAP and GERMVET); FI; FR (RESAPATH); DE; DK; EE; IE; IT

(ITAVARM 2003); NL (GD monitoring); SE; UK
Azithromycin,c clarithromycin No
Doxycycline, tetracycline,c minocycline Yes All
Tigecyclinec No
Clindamycin Yes BE (DGZ-VZW); FI; DE; EE; NL (GD monitoring); SE
Metronidazole No
Vancomycin,c teicoplaninc Yes DE
Daptomycinc No
Linezolidc No
Gentamicin,c tobramycin (FR), amikacin (FR, IT) Yes BE (GERMAP and GERMVET); FI; FR (RESAPATH); DE; DK; EE; ESVAV

Network; IT (ITAVARM 2003); NL (GD monitoring); SE; UK
Fosfomycin No
Chloramphenicolc Yes FI; FR (RESAPATH); DE; DK; EE; ESVAV Network; IT (ITAVARM 2003); NL

(GD monitoring); SE; UK

See Table 4 for an explanation of the published reports from which these data are derived.
GD monitoring, National Institute for Animal Health (GD Deventer) (not published in a publically available report); NA, not applicable.

a Used in susceptibility tests for veterinary pathogenic isolates.
b From CZ only three tested antibiotics are known; list of antibiotics tested for is not yet published.
c Included in one of panels of EU Directive 2013/652/EU and is thus mandatory to apply in susceptibility tests of indicator or zoonotic bacteria samples.
d Included in second panel of EU Directive 2013/652/EU and is thus mandatory to apply on Escherichia coli and Salmonella isolates resistant to cefotaxime, ceftazidime or

meropenem.
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National level

At the national level, AMR data contain a great variety in sample
origin (diseased or healthy animals), sampling numbers, test
methods (dilution or diffusion tests, genetic tests), standardization
(EUCAST or CLSI guidelines) and cutoff levels (clinical or epidemi-
ologic cutoffs), which as a result does not allow comparison of
resistance data among countries [13e15]. Better harmonization of
samplingmethods exists for monitoring AMR in E. coli, Enterococcus
spp. and Campylobacter spp.

Most countries test methicillin-resistant S. aureus (MRSA)
prevalencewith cefoxitin; some include oxacillin. In addition, some
countries try to identify mecA or even mecC genes in MRSA strains,
whereas others only focus on the identification of livestock-
associated MRSA (ST398).

Four countries report only genetic identification of the respon-
sible genes and plasmids, limiting the epidemiologic monitoring of
resistance genes [8,16].

Mediterranean countriesdCyprus, Italy and Spain, which have
sale of >391.5 mg per population correction unit against an EU
average sale of 158 mg per population correction unitddo not
produce multiannual AMR reports. We conclude that where
monitoring is needed most, as a result of the association between
antibiotic usage and the onset of AMR, existing AMR surveillance
programmes are most deficient.

Although the EU/EFSA/ECDC programme increases harmoniza-
tion of AMR monitoring, results are published with a 2-year delay.
The programme provides relevant information on AMR patterns on
ESBL-, AmpC- and carbapenemase-producing bacteria with zoo-
notic potential from cattle, pigs and poultry and meat at retail. The
CEESA programme applies a more uniform methodology than the
EU/EFSA/ECDC programme. The availability of a laboratory data
network that is able provide online data on AMR would allow the
use of more recent data and would result in a shorter delay in
taking action.

We cannot conclude whether human-relevant antibiotics are
adequately covered because animal surveillance data are lacking.
Our study demonstrates that national AMR surveillance in livestock
in European countries is heterogeneous. A mandatory network
needs to be set up, with clear guidelines on how to report on
samples, sampling methods, susceptibility tests, which cutoff
values have to be used and results, but also availability of the re-
ports in English would be preferable, as well as a much shorter
delay between sampling and publication so that we can more
quickly identify changes in AMR in zoonotic bacteria and veterinary
pathogens.
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