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ARAE 2019: An introduction

The emergence of antimicrobial resistance is a seminally important public health concern.
Significant progress has been made in recent years regarding an understanding of the genetic and
biochemical basis for antimicrobial resistance, the emergence of resistance genes, and factors
promoting their widespread dissemination including the role of lateral gene transfer. Nevertheless,
there is a dearth of information regarding the key ‘hotspots’ and genetic mechanisms responsible
for resistance development, and the exposure routes leading to the failure of antimicrobial agents
important in human and animal medicine. There is thus an urgent need for research to provide
governments, public health stakeholders, and the agricultural sector the knowledge required to
develop policies and practices that effectively mitigate resistance development. This, within a
growing recognition that humans, animals and the environment must be considered as intimately
linked together if any resistance management strategy is to be successful.
Livestock are in close contact with soil and water, natural reservoirs of microbiota
harbouring resistance genes. In turn, the use of manures as fertilizers for crop production is a
potentially important source for environmental contamination of resistance genes selected for and
enriched in the animal. A better understanding of the significance of animal and environmental
reservoirs of antimicrobial resistance, and factors leading to the emergence and dissemination of
antibiotic-resistant bacteria in agricultural production systems is a priority.

Axel Cloeckaert
Chair

Michel S. Zygmunt
Co-Chair
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Scope and aim of ARAE 2019
The aim of the ARAE conference is to present a global vision of the impact of the use of
antimicrobial agents in livestock production and their environment. During five sessions, all
aspects related to pharmacology, epidemiology of antibiotic-resistant bacterial pathogens with a
zoonotic potential, mobile elements containing resistance genes, emerging antimicrobial
resistance mechanisms, resistome of microbiotas, and the role of the environment as a source of
resistance genes transfer and dissemination will be discussed.

Themes
1-

Monitoring and molecular epidemiology of antimicrobial resistance

To determine the prevalence of antimicrobial resistance among the most relevant veterinary
and zoonotic pathogens, monitoring programs are currently conducted in several European
countries either as large-scale national monitoring programs or as drug- specific monitoring
studies. The results of such monitoring programs – in particular when supported by (a) molecular
analysis of the resistance genes and resistance-mediating mutations, (b) studies on the
transferability of the resistance properties, (c) genomic analysis of resistant strains, and (d)
consumption data of antimicrobial agents – provide important information for the understanding
of the development and spread of antimicrobial resistance. Examples of the results of such
monitoring programs highlighting the molecular epidemiology of resistance properties will be
presented and discussed in this session.

2- Role and prevalence of antibiosis and the related resistance genes in the
environment
Genes conferring resistance to antimicrobial agents are acquired by animal and human
pathogens from environmental microorganisms, collectively the environmental ‘resistome’. This
session will consider the source, propagation, transfer and dissemination of resistance genes in
the terrestrial and aquatic environments exploited for food production. The impact of husbandry
and agronomic practices including the veterinary use of antimicrobial agents, use of animal wastes
as crop fertilizer and the use of GMOs will be emphasized.

3- Mechanisms and dissemination of antimicrobial resistance in animal and
zoonotic pathogens
Gaining insight into the mechanisms of antimicrobial resistance, long-term persistence, and
successful spread, is fundamental to reduce the burden of antimicrobial resistance. This session
will focus on emerging antimicrobial resistance mechanisms in animal and zoonotic pathogens.
All mechanisms will be considered such as target modification, protection of the target, efflux,
decreased permeability, enzymatic inactivation as well as induction of resistance mutagenesis...
All mechanisms implicated in the successful spread and persistence of mobile genetic elements
harbouring resistance genes (plasmids, integrative elements,...) will be of particular interest for
this session.
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Antimicrobial Resistance and One Health

Addressing the rising threat of antimicrobial resistance requires a holistic and multisectoral
approach - referred to as One Health - because antimicrobials used to treat various infectious
diseases in animals may be the same or similar to those used for humans. Resistant bacteria arising
in humans, animals or the environment may spread from one to the other, and from one country
to another. Antimicrobial resistance does not recognize geographic or human–animal borders.
This session aims to gain insight on the role of animal-human-environment continuum in the
emergence and spread of antimicrobial resistance. We welcome presentations providing new
knowledge in this field as well as presentations on solutions to combat antimicrobial resistance in
the One Health context.

5-

Studying antimicrobial resistance at the high throughput era

High throughput approaches (-OMICs, microfluidics, quantitative PCR chips, etc.) are
deeply revolutionizing all branches of biological research by expanding our observation capacity
at levels previously unreachable. This session will focus on how these new tools can be applied
to the field of antimicrobial resistance, with a particular interest for studies at the microbial
community scale. The session is open for description of new methods and their diverse
applications for exploring or monitoring antimicrobial resistance diversity.
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Host Institution
INRA, UMR1282, Infectiologie et Santé Publique, ISP, Nouzilly, F-37380, France
Contact persons:
Axel Cloeckaert
Axel.Cloeckaert@inra.fr

Benoît Doublet
Benoit.Doublet@inra.fr
https://symposium.inra.fr/arae2019/

Symposium Venue
Palais des congrès de Tours
26 Boulevard Heurteloup
B.P.4225- 37042 Tours Cedex 1 France
+33.(0)2.47.70.70.70
https://www.tours-evenements.com/fr
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Programme

Monday July 1
08h00-08h50 Reception/Registration
08h50-09h00 Symposium opening
Session 1 - Monitoring and molecular epidemiology of antimicrobial
resistance
Chair: Jean-Yves MADEC
Co-chair & keynote speaker: Bruno GONZALEZ-ZORN
Co-chair & keynote speaker: Vincent PERRETEN
09h00-09h40: Bruno GONZALEZ-ZORN
Plasmids and Gene Flux: With or Without You
09h40-10h00: Solveig S. MO, Jannice S. SLETTEMEÅS, Camilla SEKSE, Silje B. JØRGENSEN, Arne
SØRAAS, Martin STEINBAKK, Amar A. TELKE, and Marianne SUNDE
Whole genome characterization of cephalosporin-resistant Escherichia coli ST38 from broiler production
and humans
10h00-10h20: Jonathan MOFFAT, Julie CALVERT, Gabhan CHALMERS, Michael MULVEY,
Agnes AGUNOS, Richard REID-SMITH, and Patrick BOERLIN
Extended-spectrum cephalosporin and gentamicin resistance in Enterobacteriaceae from turkeys in
Canada

10h20-10h50:

Coffee break

10h50-11h10: Nathaniel STOREY, Fabrizio LEMMA, Luke RANDALL, Robert HORTON, Shaun
CAWTHRAW, Margherita RAMBALDI, Francesca MARTELLI, and Muna F. ANJUM
AMR persistence on a pig farm with reduced antimicrobial usage
11h10-11h30: Yosra MANI, Wejdene MANSOUR, Estelle SARAS, Raoudha GRAMI, Olfa
BOUALLEGE, Jean-Yves MADEC and Marisa HAENNI
ESBL- and carbapenemase-producing Escherichia coli and Klebsiella pneumoniae from Mediterranean
clams Ruditapes decussatus at retail in Tunisia
11h30-11h50: Shaolin WANG, Zhangqi SHEN, Rong ZHANG, Yang WANG, and Jiyun LI
Wide dissemination of NDM-5 in carbapenem-resistant Escherichia coli of human and animal origin
11h50-12h10: Hassan TARABAI, Adam VALCEK, Ivana JAMBOROVA, Rainer RAAB, Hynek
MATUSIK, Sergey V. VAZHOV, Igor V. KARYAKIN, Ivan LITERAK, and Monika
DOLEJSKA
First report of plasmid-mediated colistin resistance mcr-1 in Escherichia coli from birds of prey in Russia
12h10-12h30: Gaëlle BISCH, Agathe JOUET, Alice FERRE, Cyril GAUDIN and Philip SUPPLY
The Deeplex® technology for prediction of antimicrobial resistance

12h30-14h00:
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14h00-14h40: Vincent PERRETEN
Discovery of novel antibiotic resistance determinants using next-generation sequencing
14h40-15h00: G. LEVENT, A. SCHLOCHTERMEIER, S. E. IVES, K. N. NORMAN, S. D. LAWHON,
G. H. LONERAGAN, R. C. ANDERSON, and H. Morgan SCOTT
Effects of antibiotics on bacterial resistance and serotype diversity of Salmonella enterica originating from
lymph nodes, fecal and hide samples of feeder cattle at slaughter
15h00-15h20: Selma GONZALEZ, Javier VINASCO, Sarah LAWHON, H. Morgan SCOTT, Roger
HARVEY, and Keri NORMAN
Phenotypic and genotypic characterization of Salmonella enterica serovar I 4,[5],12:i:- isolated from swine
15h20-15h40: Solomon O. OLORUNLEKE, Miranda KIRCHNER, Nicholas DUGGETT, Lucy A.
BRUNTON, Kennedy F. CHAH, John A. NWANTA and Muna F. ANJUM
Molecular characterization of extended spectrum β-lactamase-Producing Escherichia coli from food
animals and in-contact humans in South East Nigeria
15h40-16h00: Derek T. ELSBY, Ruth ZADOKS, Nuno SILVA, Kenneth BOYD and Mark A.
TAGGART
Prevalence of antimicrobial resistant E. coli in Scottish wild deer

16h00-16h30:

Coffee break

16h30-16h50: Clémence BOURÉLY, Géraldine CAZEAU, Eric JOUY, Marisa HAENNI, Jean-Yves
MADEC, Nathalie JARRIGE, Agnès LEBLOND and Emilie GAY
What do we know about the antimicrobial resistance of Pasteurella multocida isolated from foodproducing animals and pets?
16h50-17h10: Tanawan SOIMALA, Antina LÜBKE-BECKER, Stefan SCHWARZ, and Johanna
Corinna EULE
Isolation and characterization of methicillin-resistant Staphylococcus pseudintermedius from ocular
surfaces of dogs and cats suffering from ophthalmological diseases
17h10-17h30: Jobke VAN HOUT1, Maaike GONGGRIJP1 and Annet Heuvelink
Monitoring of antimicrobial susceptibility of Streptococcus suis in the Netherlands, 2013–2018
17h30-17h50: Raphaëlle YOUF, Emilie DAUVERGNE, Hattie E. WEBB, Sabine DELANNOY,
Arnaud BRIET, Thomas BRAUGE, Graziella BOURDIN, Patrick FACH, Sophie A.
GRANIER, and Anne BRISABOIS
A high-throughput method for antimicrobial resistance genes detection
17h50-18h10: Alex van Belkum, bioMérieux France
The future of (veterinary) antimicrobial susceptibility testing

19h00:

Welcome reception
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Programme

Tuesday July 2
Session 2 - Role and prevalence of antibiosis and the related resistance genes
in the environment
Chair: Sylvie NAZARET
Co-chair & keynote speaker: Marko VIRTA
09h00-09h40: Marko VIRTA
Analysing the host species and genetic environment of the antibiotic resistance genes
09h40-10h00: Alain HARTMANN, Géraldine DEPRET, Marjolaine DESCHAMPS, Sylvie NELIEU,
Sabine FAVRE-BONTE, Armelle CROUZET, David LEJON, Lorenzo SPADINI, Olivier
CROUZET, and Sylvie NAZARET
Impact of soil fertilization with organic amendments on the dissemination of antibiotic resistance in
cultivated soils
10h00-10h20: Chunyan XU, Dejun LIU, Yingbo SHEN, Shaolin WANG, Xi XIA, Ziquan LV,
Jianzhong SHEN, Yuebin KE, Yang WANG
Abundance and diversity of the antimicrobial resistance genes in soils from integrated or monoculture
ponds mode

10h20-10h50:

Coffee break

10h50-11h10: Ashlyn C. HOLBERT, Sarah A. MURRAY, H. Morgan SCOTT, Javier VINASCO,
Sara D. LAWHON, Jason E. SAWYER, Brent W. AUVERMANN, Jenny S. JENNINGS,
William E. PINCHAK, Kenneth D. CASEY, and Keri N. NORMAN
The effects of tylosin and direct fed microbials (DFM) on Enterococcus and antibiotic resistance
determinants in the cattle feedyard environment
11h10-11h30: Roberta TOLOSI, Lisa CARRARO, Guido GRILLI, Petra CAGNARDI, and Alessandra
PICCIRILLO
Colistin resistance genes (mcr-1 to mcr-5) in agricultural soil fertilized with animal manure in Northern
Italy
11h30-11h50: Alexandra LORENTZ, Hannah GRAY, Keith ARORA-WILLIAMS and Meghan
DAVIS
Meta-genomic analysis of resistance genes in the Chesapeake Bay at recreational sites near wastewater
treatment plants and concentrated animal feeding operations
11h50-12h10: Elodie DENET, Sylvain TRIADOU, Serge MICHALET, Sylvie NAZARET and Sabine
FAVRE-BONTE
The role of amoebae–Stenotrophomonas maltophilia interaction in the emergence of bacterial antibiotic
resistance in the environment
12h10-12h30: Concepcion SANCHEZ-CID, Alexandre GUIRONNET, Laure FRANQUEVILLE,
Laure WIEST, Emmanuelle VULLIET, Timothy M VOGEL
Environmental resistome transcriptional response to gentamicin pollution at sub-inhibitory concentrations

12h30-14h00:
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Chair: Benoît Doublet
Co-chair & keynote speaker: Didier MAZEL
14h00-14h40: Didier MAZEL
Which factors limit integron function and their spread?
14h40-15h00: Steven L. FOLEY, Jing HAN, Ashlyn CARLTON, Joanna DECK, Bijay K.
KHAJANCHI, Suad ALGARNI
Impact of antimicrobial exposure on the transfer efficiency of multidrug resistance plasmids in Salmonella
enterica
15h00-15h20: Anna COLAVECCHIO, Shabaronath Srikumar, Yujie Hu, Lawerence GOODRIDGE and
Séamus FANNING
Genomic characterization of antibiotic resistance-encoding, phage-like plasmids (PLP) -defining their
nature and identification of a novel association with mobile mechanisms for colistin resistance
15h20-15h40: Maria-Halima LAABERKI, Anne-Sophie GODEUX, Agnese LUPO, Marisa HAENNI,
and Xavier CHARPENTIER
Transfer of large antibiotic resistance islands in Acinetobacter baumannii
15h40-16h00: Virginie LIBANTE, Yves NOMBRE, Charles COLUZZI, Johan STAUB, Gérard
GUEDON, Marcelo GOTTSCHALK, Nahuel FITTIPALDI, Nathalie LEBLONDBOURGET and Sophie PAYOT
Key role of chromosomal mobile genetic elements transferring by conjugation in the dissemination of
antimicrobial resistance in Streptococcus suis
16h00-16h20: Tony ROCHEGUE, Philippe GLASER, Sandrine HUGHES, Benjamin GILLET, Nicolas
CABANEL, Estelle SARAS, Marisa HAENNI, Jean-Yves MADEC, and Agnese LUPO
High-level gentamicin resistant Streptococcus dysgalactiae subsp. equisimilis is emerging among French
horses

16h20-16h50:

Coffee break

16h50-17h10: Ashley C. CORMIER, Gabhan CHALMERS, Pauline L.C. ZHANG, Rebecca E.V.
ANDERSON, Jonathan MOFFAT, Tim McALLISTER, J. Scott WEESE, Michael
MULVEY, and Patrick BOERLIN
Characterizing blaCTX-M-1 plasmids from Escherichia coli isolated from dogs, poultry, swine, horses, and
cattle in Canada
17h10-17h30: Monika DOLEJSKA, Iva KUTILOVA, Adam VALCEK, Darina CEJKOVA, Costas C.
PAPAGIANNITSIS, Veronika PASKOVA, Martina MASARIKOVA, Ivan LITERAK
Carbapenemase genes in Enterobacteriaceae isolates from wild birds in North America
17h30-17h50: Shizhen MA, Jiyun LI, Zhenwang BI, Baoli CHEN, Chang CAI, Stefan SCHWARZ,
Anette HULTH, Zhangqi SHEN, Shaolin WANG, Congming WU, Lennart E. NILSSON,
Timothy R WALSH, Stefan BӦRJESSON, Jianzhong SHEN, Qiang SUN, Yang WANG
Inter-host transmission of carbapenemase-producing Escherichia coli among humans and backyard
animals
17h50-18h10: Michael S.M. BROUWER, Yvon GEURTS, Arie KANT, Daniela CECCARELLI,
Danielle SCHILLEMANS, Nick DUGGETT, Dik J. MEVIUS, Adam P. ROBERTS, Alex
BOSSERS, Muna ANJUM, Kees T. VELDMAN
Resistance to colistin is decreasing in livestock in The Netherlands; A genetic study of endangered
plasmids.

20h00-Midnight: Gala dinner
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Wednesday July 3
Session 4 - Antimicrobial Resistance and One Health
Chair: Marie-Cécile PLOY
Co-chair & keynote speaker: Karin WAEFLER
09h00-09h40: Karin WAEFLER
A global perspective: One Health response to Antimicrobial Resistance
09h40-10h00: Laurel REDDING, Alexander BERRY and Brendan KELLY
Associations between colonization with Clostridium difficile and the diversity of the gut
microbiome in puppies
10h00-10h20: Anouk P. MEIJS, Esther F. GIJSBERS, Paul D. HENGEVELD, Ed J. KUIJPER,
Cindy M. DIERIKX, Sabine C. DE GREEFF and Engeline VAN DUIJKEREN
Carriage of ESBL-producing and colistin resistant Enterobacteriaceae, and Clostridium difficile
among veterinarians in the Netherlands

10h20-10h50:

Coffee break

10h50-11h10: Katherine E. L. WORSLEY-TONKS, Stanley D. GEHRT, Timothy J.
JOHNSON, Shane C. McKENZIE, Randall S. SINGER, Meggan E. CRAFT
Host and environmental predictors of antimicrobial resistance in urban wildlife
11h10-11h30: Fiona MCDOUGALL, Wayne BOARDMAN, Michael GILLINGS and Michelle
POWER
Fruit bats as reservoirs of novel class 1 integrons and carbapenem resistant Escherichia coli
11h30-11h50: Natalie MOYEN, Toby LESLIE, N Claire GORDON, and Joanna McKENZIE
Antimicrobial resistance (AMR) surveillance and One Health in practice, in low- and middleincome Countries

11h50-13h20:

Page 12

Lunch

PALAIS DES CONGRÈS TOURS FRANCE

Chair: Sébastien LECLERCQ
Co-chair & keynote speaker: Rene S. HENDRIKSEN
13h20-14h00: Rene S. HENDRIKSEN
The present and future in antimicrobial resistance surveillance
14h00-14h20: Heather TATE, Gregory H. TYSON, Patrick F. McDERMOTT
Tracking the Resistome in One Health Surveillance
14h20-14h40: Charles COLUZZI, Julie LAO, Gérard. GUEDON, Marie-Dominique
DEVIGNES, Chloé AMBROSET, Thomas LACROIX, Hélène CHIAPELLO,
Sophie PAYOT and Nathalie LEBLOND-BOURGET
The ICE/IME Finder approach and its application to ICE/IME annotation in Streptococcus
14h40-15h00: Iva KUTILOVA, Pimlapas LEEKITCHAROENPHON, Matej MEDVECKY,
Patrick MUNK, Valeria BORTOLAIA, Sünje J. PAMP, Monika DOLEJSKA
Beta-lactamase producing Escherichia coli and antibiotic resistance genes in municipal and
hospital wastewaters: comparison of whole-genome sequencing and metagenomic approaches
15h00-15h20: Thomas JOVÉ, Valentin TILLOY, Claire Da SILVA, Margaux GASCHET, Lucie
LAVAL, Marie-Cécile PLOY, Christophe DAGOT and Olivier BARRAUD
Class 1 integrons gene cassettes as a signature of effluents: the CALYPSO project
15h20-15h40: Johanna MUURINEN, Jacob RICHERT, Brian RICHERT and Timothy
JOHNSON
Will antibiotic-alternative growth promoters reduce antibiotic resistance in the microbiome?

15h40-15h50:

Symposium closure
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O1
Plasmids and Gene Flux: With or Without You
Bruno Gonzalez-Zorn
Antimicrobial Resistance Unit, Facultad de Veterinaria and VISAVET, Universidad Complutense de Madrid, Spain

Antimicrobial Resistance has been recognised today as the world´s most important Health
challenge. Understanding the factors that determine the emergence and spread of antimicrobial
resistance genes and clones in different compartments is crucial. This knowledge can elicit us to
predict, and ultimately prevent genetic successful combinations that spread locally, nationally and
world-wide. Following this rationale, the analysis of plasmids, in combination with their cargo
genes and in association with the chromosome of the hosting bacterium is a solid approach to
unravel the optimal gene-plasmid-host bacterium-combination that leads to high-risk clones. For
this purpose we use hybrid sequencing technology, i.e. combining short-read sequencing with
long read sequencing platforms, in bacteria isolated from animals, the environment, humans and
food to recognise successful genetic combinations. We complement this information with in vitro
evolutionary studies, fitness experiments, mutagenesis and transcriptomics in vitro and in vivo to
reveal the mechanistic underlying these phenomena. Using these approaches, we have been able
to identify that multicopy plasmids, specially from the ColE family, are the most prevalent
plasmids in enterobacteria, and that Insertion Sequences are essential in their adaptation to new
bacterial hosts. Comparing enterobacteria from rivers with those identified in waste-water
treatment plants revealed the basis of diversity and the importance of kin selection in the evolution
and emergence of antimicrobial resistance that has an impact in human health. The emergence of
plazomicin resistance, a new generation aminoglycoside approved by the FDA in June 2018 for
strict human use, but not yet in Europe, serves as a model of the temporary and geographical
drivers for spread in the human, animals and environmental contexts.

Page 14

PALAIS DES CONGRÈS TOURS FRANCE

Whole genome characterization of cephalosporin-resistant Escherichia coli
ST38 from broiler production and humans
Solveig S. MO1, Jannice S. SLETTEMEÅS1, Camilla SEKSE1, Silje B. JØRGENSEN2,3, Arne
SØRAAS2,3, Martin STEINBAKK3, Amar A. TELKE1, Marianne SUNDE1
1
Section for Food Safety and AMR, Norwegian Veterinary Institute, Oslo, Norway
Department of Clinical Microbiology and Infection Control, Akershus University hospital, Lørenskog, Norway
3
Department of Clinical Molecular Biology, Akershus University Hospital, Lørenskog, Norway
4
Centre for Laboratory Medicine, Østfold Hospital Trust, Graalum, Norway

2

Introduction: Escherichia coli belonging to multilocus sequence type (ST) 38 is a well known
extra-intestinal pathogenic E. coli (ExPEC) causing infections in humans [1]. Also, E. coli ST38
is common among cephalosporin-resistant isolates residing in the intestinal flora of healthy
broilers and as contaminants on the surface of retail chicken meat. It has been suggested that E.
coli originating from broiler production can be a source for bacteria causing human infections [2].
The aim of this study was to characterize and compare cephalosporin-resistant E. coli ST38
originating from broiler production and humans in order to assess the genetic relatedness and
virulence potential between isolates from the different compartments.
Materials and Methods: A total of 117 isolates from Norwegian broilers (n=44) and retail
chicken meat (n=73) were sequenced using Illumina technology. In addition, sequence data were
available from E. coli ST38 isolated from humans (n=16). Occurrence of resistance genes and
relevant virulence genes was determined using the ResFinder, VirulenceFinder and vfdb
databases in ARIBA [3]. SPAdes (https://github.com/ablab/spades) was used for assembly.
Plasmids were determined using PlasmidFinder and mob-suite (https://github.com/phacnml/mob-suite). Single nucleotide polymorphism (SNP) analysis was done using CSI phylogeny
(https://cge.cbs.dtu.dk/services/CSIPhylogeny/) including a complete E. coli ST38 genome
(GCF_900406585.1) as reference.
Results: All isolates from broiler production carried blaCMY-2 on IncK plasmids, while isolates
from humans harbored blaCTX-M genes, often associated with IncF plasmids. The phylogenetic
tree based on the SNP analysis showed that E. coli ST38 from broiler production and from human
patients and healthy human carriers represented distinct sub-groups within the ST. More than
4600 SNPs differences were present between isolates originating from poultry and humans,
respectively. Preliminary data also indicate a difference in virulence gene content, as human
isolates carried more ExPEC-related virulence genes than isolates from broiler production. Also,
human isolates carried several acquired AMR genes in addition to the cephalosporin resistance
genes compared to isolates from broiler production.
Discussion: The included isolates belonged to two different E. coli ST38 sub-groups according
to their origin. This suggests the existence of specific variants adapted to the different niches.
Striking differences in the content of both AMR- and virulence-genes was present. Further studies
with more representative sampling is required to determine whether there is “cross-talk” between
the niches.
References
[1] J. D. D. PitoutA. (2012). Front Microbiol 3: doi: 10.3389/fmicb.2012.00009
[2] A. R. Manges (2016). Clin Microbiol Infect 22:122-129.
[3] M. Hunt (2017). Microb Genom 3(10) e000131: doi: 10.1099/mgen.0.000131
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O3
Extended-spectrum cephalosporin and gentamicin resistance in Enterobacteriaceae
from turkeys in Canada
Jonathan MOFFAT1, Julie CALVERT1, Gabhan CHALMERS1, Michael MULVEY1,2, Agnes
AGUNOS3, Richard REID-SMITH3, and Patrick BOERLIN1
1

2

Department of Pathobiology, University of Guelph, Guelph, Canada
National Microbiology Laboratory, Public Health Agency of Canada, Winnipeg, Canada
3
National Microbiology Laboratory, Public Health Agency of Canada, Guelph, Canada

The goal of this study was to assess how frequently Enterobacteriaceae resistant to extendedspectrum cephalosporins (ESCs) and gentamicin (GEN) can be found in turkey feces using
enrichment cultures containing ESCs or GEN. The associated resistance determinants found in
the resulting ESC- and GEN-resistant isolates were further characterized.
Three hundred and eight fecal samples were collected from 77 farms in British Columbia, Québec,
and Ontario between May 2016 and June 2017. Isolate identification was done using MALDITOF and susceptibility to ESCs and GEN was assessed by disk diffusion following CLSI
guidelines. The presence of blaCTX-M, blaSHV, and blaCMY for ESC resistance as well as aac(3)-II,
aac(3)-IV, aac(3)-VI, and aadB for GEN resistance was tested by PCR.
Most of the resistant isolates recovered in both enrichments for ESC (n=704) and GEN (n=670)
were Escherichia coli with few other Enterobacteriaceae identified. Resistant Klebsiella
pneumoniae, Proteus mirabilis, and Enterobacter cloacae were also identified in a small portion
of samples. ESC- and GEN-resistant Enterobacteriaceae were recovered in 68% and 100% of
fecal samples, respectively. Seventy-five percent of ESC-resistant E. coli were positive for blaCMY
with blaCTX-M (emerging in Canadian food animals) also providing resistance in 14% of isolates.
The most frequent genetic determinant of GEN resistance in E. coli was aac(3)-VI (50%),
followed by aac(3)-IV (29%) and aac(3)-II (19%).
These data show that Enterobacteriaceae that are resistant to either ESCs or GEN can be found in
the majority of turkey feces. The distribution of ESC and GEN resistance genes in
Enterobacteriaceae from turkeys mirrors similar findings in clinical isolates from broiler chickens
in Québec that found blaCMY and aac(3)-VI as the predominant resistance determinants
respectively1. The high frequency of samples containing Enterobacteriaceae resistant to critically
important antibiotics detected with enrichment cultures urges caution in the selection of
antibiotics used in turkeys and is in line with recent legislative changes to prohibit the use of these
antibiotics in Canadian turkeys.
References
[1] Chalmers, G., Cormier, A. C., Nadeau, M., Côté, G., Reid-Smith, R. J., & Boerlin, P. (2017). Determinants of
virulence and of resistance to ceftiofur, gentamicin, and spectinomycin in clinical Escherichia coli from broiler
chickens in Québec, Canada. Veterinary Microbiology, 203, 149–157.
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AMR Persistence on a Pig Farm with Reduced Antimicrobial Usage
Nathaniel STOREY1, Fabrizio LEMMA1, Luke RANDALL1, Robert HORTON1, Shaun
CAWTHRAW1, Margherita RAMBALDI1, Francesca MARTELLI1, Muna F. ANJUM1
1

Animal and Plant Health Agency, Weybridge, UK

Antimicrobial resistance (AMR) has been identified as a global threat to both animal and human
health, estimated to be responsible for 25,000 deaths per year in the EU with an approximate cost
of 1.5 billion Euros per year in lost productivity and healthcare costs. We report on the preliminary
findings relating to the transmission of resistance plasmids and fitness of multidrug resistant
Escherichia coli isolates as part of the ARDIG study.
The study focuses on a UK pig farm which houses 5 age classes of pigs and has ceased group
antimicrobial treatments for at least 5 years. Faecal samples were obtained from pigs of all ages
at 3 time-points at 6 month intervals over 12 months, alongside seagull faecal samples from time
points 1 and 3. E. coli were isolated from non-selective and antibiotic supplemented agar plates
followed by whole-genome sequencing (WGS) to investigate the phylogeny of the E. coli isolates,
in silico Multilocus Sequence Type, determine the presence of AMR genes and mobile genetic
elements.
The majority of isolates recovered from ciprofloxacin containing plates were Sequence Type (ST)
744 and 44 (68.6% (n=107) and 23.1% (n=36) respectively), harbouring multiple AMR genes,
including blaTEM-1b; 73% (n=27) of isolates across all time-points and sources from cefotaxime
plates were ST88. These STs have been previously identified in animal and human populations.
Persistence of ST744 and ST44 ciprofloxacin-resistant clones with <10 SNP differences were
identified across all time-points, age classes of pigs and seagull samples.
The presence of E. coli strains of the same ST with few SNP differences across multiple time
points, pigs and seagulls indicates persistence and local transmission of certain E. coli types on
farm. Further work is planned to identify factors that may be selecting these clones on farm and
maintaining AMR.
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ESBL- and carbapenemase-producing Escherichia coli and Klebsiella
pneumoniae from Mediterranean clams Ruditapes decussatus at retail in
Tunisia
Yosra Mani1,2, Wejdene Mansour1, 3,4, Estelle Saras2, Raoudha Grami1, Olfa Bouallègue1,3, JeanYves Madec2 and Marisa Haenni 2
1

Research Unit: Emergent Bacterial Resistance and Safety of Care (UR12SP37), Laboratory of Microbiology,
University Hospital Sahloul, Sousse, Tunisia.
2
Université de Lyon - ANSES, Unité Antibiorésistance et Virulence Bactériennes, Lyon, France
3
Faculty of Medicine Ibn Al Jazzar, Sousse, University of Sousse, Tunisia.
4
Laboratory of Metabolic Biophysics and Applied Pharmacology (LR12ES02), Department of Biophysics, Faculty
of Medicine Ibn El Jazzar of Sousse, University of Sousse, Sousse, Tunisia.

In Tunisia, coastal regions are ecosystems of economic importance; however, they are highly
subjected to potential anthropogenic impacts. Over the past decade, Enterobacteriaceae
producing extended-spectrum -lactamases (ESBLs) and carbapenemases have emerged among
animals and animal products [1]. Those multidrug resistant bacteria have been recognized from
non-human sources and were found in rivers and hospital wastewater [2], suggesting that aquatic
organisms are a reservoir of such enzymes. Here, we investigated the presence of ESBLs and
carbapenemases in Enterobacteriaceae isolated from Ruditapes decussatus Mediterranean clams.
Between March and April 2016, 1075 clams originating from the Bizerte region and bought at
retail were distributed in 215 pools of 5 clams each. Resistant Enterobacteriaceae were selected
on MacConkey agar plates either supplemented with imipenem or cefotaxime (final concentration
of 2µg/ml). Antimicrobial susceptibility was performed by disk diffusion and ESBL and
carbapenemase genes were detected by PCR and sequencing. Plasmids were characterized by reptyping (Diatheva) and southern blot on S1-PFGE gels. Clonality was assessed by PFGE and
MLST. Among the 215 analyzed pools, 21 gave a positive result on the cefotaxime-enriched
medium, including 16 ESBL-producing Escherichia coli and 5 ESBL-producing Klebsiella
pneumoniae isolates. In E. coli isolates, CTX-M-1, 14, 15 and 27 were produced by 8, 5, 2 and
one isolate, respectively. PFGE demonstrated 13 different profiles and genetic backgrounds (10
different STs). Two E. coli ST131 were identified, suggesting a human contamination. ST167,
already identified in Tunisian mussels, was also found in two samples. Plasmid characterization
is ongoing. For K. pneumoniae, all isolates (n=5) produced CTX-M-15. Three of them, all
belonging to ST147, co-produced the OXA-48 carbapenemase. This is the first report of OXA-48
producing Enterobacteriaceae isolate from mollusks in Tunisia. Next to the recent finding of
KPC-3 in Mytilus galloprovincialis at retail, we confirm that other filter feeder mollusk species
are at risk to concentrate carbapenem-resistant Enterobacteriaceae from the human reservoir.
[1] Y. Mani, W. Mansour, H. Mammeri, E. et al (2017). J Antimicrob Chemother. 72(8):2403-2404.
[2] S. Sghaier, MS Abbassi, A Pascual et al (2019). J Glob Antimicrob Resist. [Epub ahead of print]
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Wide dissemination of NDM-5 in Carbapenem-resistant Escherichia coli of
human and animal origin
Shaolin WANG1, Zhangqi SHEN1, Rong ZHANG2, Yang WANG1, and Jiyun LI1
1

College of Veterinary Medicine, China Agricultural University, Beijing, China
2
Zhejiang University, Hangzhou, Zhejiang

Carriage of carbapenem-resistant Enterobacteriaceae (CRE) in humans may contribute to the
dissemination of CRE and impact on communities and healthcare facilities. Carbapenem-resistant
Escherichia coli (CREC) is one of the major type of CRE in the human gut. Here, we describe a
cross-sectional study to investigate the prevalence of CREC, and in particular the mcr-1 carrying
CREC, in health volunteers in China.
A total of 92 non-duplicated CREC were isolated from 3,859 stool specimens, among which 43
CREC are carbapenemase positive. In addition, the co-existence of blaNDM and mcr-1 was found
in 14 CREC, which also showed resistance to the majority of all antimicrobial agents analyzed.
The genetic background of these CREC isolates are highly diversified based on molecular typing.
Furthermore, whole genome sequence indicated that NDM-5 is the predominant determinant
conferring carbapenem resistance in CREC, and that NDM-5 carrying plasmids (IncX3) are very
similar. The comparison NDM-5-IncX3 plasmid in CREC of human[1] and animal[2] origin further
indicated the wide dissemination of NDM-5, which may pose serious risk to one health. The
transmission of NDM-5 in CREC between human and animal origin should be further
investigated.

Fig. 1. Comparison of NDM-5 carrying plasmids in Escherichia coli of human and animal origin.
References
[1] Z. Shen, Y. Hu, Q. Sun, F. Hu, H. Zhou, et al. (2018). EClinicalMedicine 8:2428.
[2] Y. Wang, R. Zhang, J. Li, W. Yin, S. Schwarz, et al. (2017). Nat Microbiol. 2017 6;2:16260
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First Report of Plasmid-Mediated Colistin Resistance mcr-1 in Escherichia
coli from Birds of Prey in Russia
Hassan Tarabai1, Adam Valcek1,2, Ivana Jamborova1,2, Rainer Raab3, Hynek Matušík4, Sergey
V. Vazhov5, Igor V. Karyakin6, Ivan Literak1,2, Monika Dolejska1,2
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2
Central European Institute of Technology, University of Veterinary and Pharmaceutical Sciences Brno, Brno,
Czech Republic
3
Technisches Büro für Biologie, Deutsch-Wagram, Austria
4
Březolupy, Czech Republic
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Shukshin Altai State University for Humanities and Pedagogy, Biysk, Russia
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Colistin is listed by World Health Organization as a critically important antibiotic for
human medicine. Since the first report of a plasmid-mediated colistin resistance gene in 2015,
mcr-1 has spread globally and has been reported in more than 40 countries. The aim of this study
was to isolate and characterize Enterobacteriaceae with reduced susceptibility to colistin from
Red and Black Kites (Milvus milvus and Milvus migrans, respectively) and to assess their potential
risk as reservoirs and vectors of colistin resistance genes.
One hundred sixty eight cloacal samples were collected from Kites in Euroasia (Austria
n=6, Belgium n=12, Czech Republic n=93, Germany n=41 and Russia n=16) and cultivated on
MacConkey agar with colistin (3.5 mgL−1). Enterobacteriaceae isolates with reduced
susceptibility to colistin were tested for mcr-1 to mcr-8 genes by polymerase chain reaction and
Sanger sequencing. Matrix-Assisted Laser Desorption/Ionization-Time of Flight mass
spectrometry was used to identify selected isolates to species level. Susceptibility to a set of 18
antimicrobials was determined using disk diffusion method while broth dilution method was used
to determine minimal inhibitory concentration (MIC) to colistin. Conjugation assay based on filter
mating was carried to determine the conjugative property of mcr-1-carrying plasmid. Wholegenome sequencing (WGS) was performed using MiSeq (Illumina) platform to analyse the
genetic content of selected isolates and investigate plasmids with mcr-1 gene.
Overall, 13 (8%, n=168) Enterobacteriaceae isolates showed reduced susceptibility to
colistin (Escherichia coli n=9, Klebsiella pneumoniae n=2 and Enterobacter cancerogenus n=2).
The gene mcr-1 was positive in one E. coli isolate originating from a Black Kite sampled at
Semenovod, Russia. Apart from resistance to colisitn (> 4mg/L), the isolates showed
susceptibility to all tested antibiotics. WGS analysis revealed mcr-1 positive isolate belonged to
sequence type 2280. Sequencing and plasmid transfer experiments showed the location of mcr-1
on a conjugative IncI2 plasmid pDR164 (59891 bp, GenBank accession number MK542639).
Plasmid pDR164 showed similarity to IncI2 plasmids found in E. coli isolates from swine, poultry,
human and sewage in USA, Vietnam, Argentina and China, respectively. Comparison of pDR164
with other plasmids revealed high similarity in the backbone as well as the region carrying mcr.
Unlike pDR164, plasmids from Vietnam, China and USA carried insertion sequence elements
flanking the corresponding mcr gene.
We report the first mcr-1 gene in E. coli from wildlife in Russia on a typical IncI2 plasmid.
Considering the global spread of plasmid-encoded colistin resistance, migratory birds may
represent a vehicle for dissemination of clinically-important antimicrobial resistance bacteria and
genes.
Funded by NV18-09-00605.
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The Deeplex® technology for prediction of antimicrobial resistance
Gaëlle BISCH1, Agathe JOUET1, Alice FERRE1, Cyril GAUDIN1 and Philip SUPPLY2
1

Genoscreen, Lille, France
CNRS, Institut Pasteur de Lille, Lille, France

2

In the last few years, the use of genome sequencing to predict antimicrobial resistance has become
more and more frequent. However, in the case of clinical samples, the high amount of
contaminating human and microbial DNA still limits the use of whole genome sequencing. A
culture is then required to get enough pure genomic material for sequencing, which might slower
considerably the diagnosis in the case of slow growing bacteria.
To bypass those limitations, we have developped a multiplex PCR based approach : Deeplex®.
The Deeplex® approach allows the amplification of selected antimicrobial resistance
determinants. After sequencing of the amplicons, a bioinformatic analysis pipeline will
automatically analyze the data and report predicted resistances, bacterial identification and
phylogenetic type in a web application (Fig. 1).
The first kit using the Deeplex® technology targets Mycobacterium tuberculosis. Deeplex® is
able to report 97% of the mutations that whole-genome sequencing would have detected [1], while
considerably accelerating the process since a culture of slow-growing mycobacteria is not
required.
Deeplex® has been tought as evolutive, and future developments include the addition of more
resistance determinants, and adaptation to new species such as non tuberculous mycobacteria and
Mycobacterium leprae.

Fig. 1. Screenshot of the Deeplex® Web Application

References
[1] Culture and Next-generation sequencing-based drug susceptibility testing unveil high levels of drug-resistant-TB
in Djibouti: results from the first national survey. Tagliani et al. (2017). doi:10.1038/s41598-017-17705-3
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Discovery of novel antibiotic resistance determinants using next-generation
sequencing
Vincent PERRETEN
Institute of Veterinary Bacteriology, University of Bern, Bern, Switzerland

The wide use of antibiotics in humans, animals and agriculture constitutes a continuous selective
pressure promoting selection of antibiotic resistance through either mutations or exchange of
mobile genetic elements between bacteria. These elements consist of plasmids, transposons,
integrons, genomic islands and phage-associated elements and play a major role in the spread of
antibiotic resistance within the bacterial population. The rapid adaptation and evolution of
bacteria continuously contributes to the emergence of novel antibiotic resistance mechanisms
what challenges surveillance programs and jeopardizes treatment of infectious diseases in both
veterinary and human medicine.
The recent advances in the next generation sequencing (NGS) technologies such as Illumina®
(Illumina, San Diego, CA) and MinIONTM (Oxford Nanopore Technologies, Oxford, UK) as well
as online tools have facilitated the identification of antibiotic resistance genes (ResFinder, ARGANNOT), the mobile element type (PlasmidFinder) and genetic relatedness (Multilocus Sequence
Typing (MLST)) between the bacteria of a same species. Additionally, the long reads obtained
with MinIONTM allow the assembly of complete genomes and plasmids, thus providing all
information on the mobile genetic elements carrying antibiotic resistance genes. Nevertheless, in
some cases, no genes can be associated with a specific phenotype either due to the absence of the
gene in the databases or due to the presence of a novel resistance mechanism in the bacteria.
Novel antibiotic resistance determinants can be detected by manual BLAST alignment using
either amino acid or nucleotide sequences of known determinants as query. Searching for a
specific conserved amino acid motif is an alternative approach for the identification of putative
homologue antibiotic resistance determinants. For example, the majority of the erm methylases
contain the PROSITE rRNA adenine dimethylase signature pattern PS01131 [1], the different
beta-lactamase groups A, B, C and D each contain specific PROSITE pattern [2].
Several novel antibiotic resistance genes have been identified in bacteria from animal origin in
Switzerland using NGS. Four new macrolide-lincosamide-streptogram B resistance gene erm
were detected in Staphylococcus from animals on plasmid, prophage and genomic islands [3].
The new methicillin resistance gene mecD was found in the chromosome of Macrococcus
caseolyticus from cattle on three different mecD islands (McRImecD) [4]. Recently, a new
trimethoprim resistance gene dfrA35 was identified on a large multidrug element in Escherichia
coli from calves.
NGS offers serious advantages in the rapid detection of existing antibiotic resistance genes, as
well as in the identification of novel antibiotic resistance genes including the genetic elements
which contribute to their dissemination. Nevertheless, phenotypic determination remains crucial
to pinpoint new emerging antibiotic resistance in bacterial whose resistance mechanism is still
unknown.
References
[1] S. Schwendener, Perreten V. 2012. Antimicrob Agents Chemother 56:4746-4752.
[2] R Singh, A Saxena A, H Singh. 2009. J Biomed Sci 16:109:1-7.
[3] JR Wipf, V Perreten. 2016. Curr Clin Microbiol Rep 3:42-52.
[4] S Schwendener, K Cotting, V Perreten. 2017. Sci Rep 7:43797
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Effects of antibiotics on bacterial resistance and serotype diversity
of Salmonella enterica originating from lymph nodes, fecal and hide samples
of feeder cattle at slaughter
G. Levent1, A. Schlochtermeier2, S. E. Ives2, K. N. Norman3, S. D. Lawhon1, G. H. Loneragan4*,
R. C. Anderson5, H. M. Scott1*
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Ceftiofur and tulathromycin are commonly used in cattle to control bovine respiratory disease.
Antibiotic use selects for resistant bacteria. Salmonella enterica is an important foodborne
pathogen that can contaminate beef products and cause salmonellosis in humans. The objectives
of this study were to explore the effects of antibiotic treatment on bacterial resistance and diversity
of Salmonella enterica in cattle. Twelve pens (134 cattle) were subjected to 3 treatment regimens:
Cattle in 4 pens were treated with ceftiofur, those in another 4 pens received tulathromycin and
cattle in the final 4 pens remained as control animals. Feces were collected before treatment (Day
0), after the treatment (Day 7) and at slaughter (Day 100+). Hide swabs and subiliac lymph nodes
were collected at slaughter. Standard methods were used to isolate Salmonella. All Salmonella
isolates (n=399) were selected for whole genome sequencing on the MiSeq platform. SeqSero,
ResFinder and PlasmidFinder databases were used to identify serotypes, resistance genes, and
plasmids, respectively. Prevalence of Salmonella on Days 0, 7 and 100+ for fecal samples were
43.6 % (58/133), 20.1% (27/134) and 80.3% (106/132), respectively. Hide and lymph node
prevalence at slaughter were 84.8% (112/132) and 84.2% (96/114), respectively. Serotypes found
across all sample types were S. Lubbock (n=136), S. Anatum (n=113), S. Montevideo (n=68), S.
Cerro (n=64), S. Kentucky (n=11), S. Newport (n=6) and S. Norwich (n=1) respectively. Of these
isolates, 315 were pan-susceptible; 63 isolates were singly resistant to tetracycline, of the
Montevideo serotype, and harbored the tet(A) gene on IncN plasmid. Antibiotic treatments did
not significantly affect the resistance profile and serotype diversity of Salmonella at slaughter. In
this study, we also determined a strong source, pen and period effect on the distribution of
serotypes among on hide, lymph node and fecal samples.
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Phenotypic and genotypic characterization of Salmonella enterica serovar I
4,[5],12:i:- isolated from swine
Selma GONZALEZ1, Javier VINASCO2, Sarah LAWHON2, H. Morgan SCOTT2, Roger
HARVEY3, Keri NORMAN1
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The National Antimicrobial Resistance Monitoring System (NARMS) has reported a rise in multidrug resistant (MDR) Salmonella enterica serovar I 4,[5], 12:i:- in both humans and animals [1].
Salmonella I 4,[5], 12:i:- is antigenically similar to Salmonella enterica serovar Typhimurium yet
lacks the phase 2 flagellar antigen. The cause of the increased prevalence of Salmonella I 4,[5],
12:i:- is unknown; however, swine have been identified as an important reservoir [2]. The overall
objective of this study is to characterize and determine phenotypic and genotypic traits of
Salmonella I 4,[5],12:i:- isolated from swine. Salmonella I 4,[5],12:i:- and additional Salmonella
serovars were isolated from head trim and cheek meat collected from a pork processing plant in
the United States. Phenotypic antimicrobial susceptibility patterns were identified by broth
microdilution on a Sensititre® system. Bacterial growth curves were determined using a
BioScreen C under different concentrations of enrofloxacin, tetracycline, and ceftiofur, and
growth curves were analyzed using a 4-parameter Gompertz-model in Stata® to evaluate bacterial
fitness. Motility assays were used to assess swimming and swarming capabilities of monophasic
and biphasic strains. Whole genome sequencing was performed on an Illumina MiSeq platform
and Oxford Nanopore MinION. Resistance genes, plasmids, virulence genes, and point mutations
were identified using the ResFinder, PlasmidFinder, VirulenceFinder, and PointFinder databases
on the Center for Genomic Epidemiology website. Whole-genome alignment was performed to
detect differences in the phase 2 flagellar antigen region using Geneious Software. Phenotypic
and genotypic analyses confirmed all 47 Salmonella I 4,[5],12:i:- isolates were MDR, 45
displaying the common ASSuT phenotype and 2 the SSuT phenotype, while 44 displayed the
ASSuT genotype. Thirty-seven also harbored the plasmid-mediated quinolone resistance gene,
qnrB There was no fitness cost to Salmonella I 4,[5],12:i:- harboring the qnrB, blaCMY and tet
genes. Salmonella I 4,[5],12:i:- with qnrB showed reduced susceptibility to enrofloxacin at
concentrations 1 and 2 ug/ml. At varying concentrations of tetracycline, 4 to 16 ug/ml, tet(A),
tet(B), or tet(D) had no effect on the fitness of Salmonella I 4,[5],12:i:-. Further analyses of
bacterial growth curves and motility assays between monophasic and biphasic strains, wholegenome alignment, and hybrid assembly between MinION and Illumina reads are ongoing. This
study is important to determining the characteristics of Salmonella I 4,[5],12:i:- that have led to
an increased prevalence in swine for preventing salmonellosis linked to swine and pork products.
References
[1] CDC 2012-2013. National Antimicrobial Resistance Monitoring System: Enteric Bacteria. Centers for Disease
Control and Prevention, Atlanta, GA.
[2] Agustin A.I., et al., 2005. Antimicrobial resistance of Salmonella spp. from pigs at slaughter in Spain in 1993 and
2001. Lett App Microbial 41:39-44.
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Molecular Characterization of Extended Spectrum β -Lactamase-Producing
Escherichia coli from Food Animals and in-contact Humans in South East
Nigeria
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BRUNTON1, Kennedy F. CHAH3, John A. NWANTA4 and Muna F. ANJUM2,
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Extended spectrum β-lactamase (ESBL) producing organisms can be difficult to eliminate
because of their multi-drug resistance to various classes of antibiotics, thus infections with these
organisms are associated with increased mortality. The production of ESBL has been recognized
as a common mechanism of resistance to third generation cephalosporins among
Enterobacteriaceae. The use of third generation cephalosporins in food animals is uncommon in
Nigeria. The objective of the study was to determine the presence of ESBL producing Escherichia
coli (E. coli) and to investigate the CTX-M-genotype.
Faecal and hand swab samples were randomly collected from apparently healthy food animals
and humans respectively at the abattoirs, animal markets and farms in three States (Abia, Ebonyi
and Enugu) in South East Nigeria. A total of 156 E. coli (cattle-16%, goat-20%, pigs-22%,
poultry-15%, sheep-18% and man-9%) were isolated on MacConkey agar supplemented with
cefotaxime at 5µg/L. Disk diffusion antimicrobial susceptibility testing (AST) of 14 antibiotics
was performed with each isolate. ESBL genes (blaCTX-M, blaSHV and blaTEM) were amplified
by real-time (RT)-PCR. A subset of 71 isolates were then selected for whole genome sequencing
(WGS). The antimicrobial resistance (AMR) genes harboured by each isolate were identified
using the APHA Seqfinder pipeline.
The AST showed marked resistance of isolates to ceftazidime (95%), cefotaxime (99%),
aztreonam (99%), ampicillin (97%), sulphamethoxazole and trimethoprim (87%), tetracycline
(86%) and streptomycin (71%). The RT-PCR results showed that all 156 isolates harboured
blaCTX-M, 64% harboured blaTEM, but none harboured blaSHV. The WGS data revealed the
various ESBL genotypes harboured by isolates: CTX-M-15 (n=65), CTX-M-55 (n=3), CTX-M65 (n=1), OXA-1 (n=6), TEM-104 (n=1) and TEM-1b (n=48). All E. coli from the three States,
sampling levels and different host species harboured similar ESBL alleles. We have found various
allelic variants of the CTX-M gene, including novel variants which have not been reported before
(CTX-M-55 and -65) from humans and animals in Nigeria; further work is required to understand
the implication of this. The spread of ESBLs in the food animal population may be due to
horizontal transfer of these genes from other environments or circulation within animals. The
application of a holistic One Health approach to control the dissemination of ESBLs E. coli in the
South East Nigeria will be facilitated by good antimicrobial stewardship in human and animal
medicine.
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Prevalence of antimicrobial resistant E. coli in Scottish wild deer
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Wild deer are known to harbor pathogenic bacteria clinically resistant to antimicrobials important
to human and animal health [1]. Scotland is home to the largest continuous population of wild
deer in Europe. They are intrinsically linked with livestock through a number of environmental
pathways, and are becoming increasingly important as a food animal in their own right. This work
presents the first assessment and characterization of AMR in the E. coli present in Scottish wild
deer.
Over three-hundred wild deer faecal samples were analyzed for the presence of AMR E. coli using
a breakpoint plate protocol to screen whole sample bacterial enrichments against key
antimicrobials. Results were spatially mapped (Fig. 1) and a wide range of variables, including
deer life history, livestock density, dominant farm type, land cover classification, and proximity
to known anthropogenic sources of AMR genes and bacteria—e.g. hospitals and sewage treatment
works—were all investigated as potential factors linked to AMR prevalence. Resistance in E. coli
isolates gathered from the same samples was further characterized using antimicrobial
susceptibility testing against a suite of 19 different antimicrobials, using the approved EUCAST
disk diffusion method. Finally, the prevalence of known antimicrobial resistance genes within
these isolates was investigated.
A baseline of AMR E. coli prevalence in the Scottish wild deer population was established.
Results include positive identification of multi-drug resistant isolates, and instances of resistance
to a number of antimicrobials identified as critical to the health and well-being of animals and
humans.

Fig.1 – Prevalence of antimicrobial resistance
in deer faecal E. coli, by sample clusters.
References
[1] C.A. Alonso, D. González-Barriob, C. Tenorioa, F. Ruiz-Fonsb and C. Torresa (2016). Comp. Immunol.
Microbiol. Infect. Dis. 45: 34–39.
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What do we know about the antimicrobial resistance of Pasteurella multocida
isolated from food-producing animals and pets?
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Surveillance of Pasteurella multocida resistance in food-producing animals is essential to guide
the first-line treatment of respiratory diseases and to limit economic losses. Since Pasteurellae are
the most common bacteria isolated from dog and cat bites, this surveillance is also needed to guide
treatment in humans in case of bites. The aim of this study was to characterize the phenotypical
resistance of P. multocida strains isolated from respiratory infections in animals. Data collected
between 2012 and 2017 by the French national surveillance network of AMR referred to as
RESAPATH were analysed. Proportions of resistance to antibiotics of relevance in veterinary and
human medicines were estimated for each animal species. For cattle, resistance trends over the
period were investigated using non-linear analysis applied to time-series. In total, 5,356 P.
multocida isolates were analyzed. Proportions of resistance of P. multocida were almost all below
25% over the period, and, more precisely, all resistance proportions were below 10% for rabbits,
sheep and dogs. The highest resistance proportions to enrofloxacin were identified for cattle
(4.5%) and dogs (5.2%). Despite its frequent use in livestock, resistance to florfenicol was less
than 1% in P. multocida strains, regardless of the animal species considered. Time series analyses
revealed continuous increases in resistance to tetracycline, tilmicosin, flumequine and
fluoroquinolones in P. multocida strains isolated from cattle. These trends contrast with the
decrease in use of antibiotics in cattle in France and with the decrease in resistance observed in
E. coli isolated from diseased cattle.

Fig. 1. Trends for antimicrobial resistance in P. multocida isolates from cattle with respiratory diseases
during the period 2012-2017
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Isolation and characterization of methicillin-resistant Staphylococcus
pseudintermedius from ocular surfaces of dogs and cats suffering from
ophthalmological diseases
Tanawan SOIMALA1,3, Antina LÜBKE-BECKER2, Stefan SCHWARZ2, Johanna Corinna
EULE3
1
Clinical Department, Faculty of Veterinary Science, Prince of Songkla University, Thailand, 2 Institute of
Microbiology and Epizootics, Department of Veterinary Medicine, Freie Universität Berlin, 3 Small Animal Clinic,
Department of Veterinary Medicine, Freie Universität Berlin, Germany

Background and objectives: Staphylococcus pseudintermedius isolates represent the leading
cause of skin, ear, and postoperative bacterial infections in dogs. Methicillin-resistant S.
pseudintermedius (MRSP) isolates have recently emerged as a major therapeutic challenge
because of their antimicrobial multidrug resistance and their role as nosocomial pathogen. Up to
now, the information regarding MRSP on ocular surfaces of dogs and cats in Germany is scarce.
Therefore, the purposes of this study were (i) to determine the prevalence of MRSP in conjunctival
swabs from dogs and cats in relation to different types of ocular diseases and (ii) to investigate
the MRSP isolates for their antimicrobial resistance phenotypes.
Materials and methods: Conjunctival swabs were collected from 72 dogs and 24 cats. The
samples were categorized according to the underlying disease into three different groups (group
1: conjunctivitis/blepharitis, n=31; group 2: keratitis, n=27; group 3: uveitis, n=38). Presumable
S. pseudintermedius colonies were verified by MALDI TOF MS and/or VITEK®2 system. The
determination of minimal inhibitory concentrations (MIC values) of antimicrobial agents was
performed by broth microdilution according to the recommendations given in the CLSI document
VET08 (2018). All phenotypically oxacillin-resistant S. pseudintermedius isolates were
investigated by PCR for the methicillin resistance genes mecA and mecC.
Results: S. pseudintermedius was isolated from 38/96 (39.5%) swabs. In total, 3/38 (8.1%) of the
S. pseudintermedius isolates were confirmed as MRSP resulting in an overall prevalence of 3.1 %
for MRSP. All three isolates originated from dogs and harbored the gene mecA. One of the three
MRSP isolates (IMT 515/16) originated from a case of uveitis while the remaining two MRSP
isolates (IMT 360/16 and IMT1670/16) were from cases of conjunctivitis/blepharitis. All three
MRSP isolates exhibited a multidrug resistance phenotype, i.e. resistance to three and more
classes of antimicrobial agents. The two MRSP isolates IMT 360/16 and IMT 515/16 showed the
same resistance phenotypes, including resistance to erythromycin, clindamycin, streptomycin,
gentamicin, trimethoprim/sulfamethoxazole, tetracycline, doxycycline, and enrofloxacin. The
remaining MRSP isolate exhibited a slightly different resistance pattern, which included
resistance
to
streptomycin,
enrofloxacin,
tetracycline,
doxycycline,
and
trimethoprim/sulfamethoxazole. All three MRSP isolates were susceptible to linezolid,
vancomycin, quinupristin/dalfopristin, florfenicol, and tiamulin.
Conclusion: The study demonstrated a low prevalence of MRSP on the ocular surfaces of canine
and feline ophthalmic patients. Due to their expanded antimicrobial resistance, it is strongly
recommended to test MRSP isolates for their susceptibility to antimicrobial agents before using
antimicrobial agents for therapeutic interventions.
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Monitoring of antimicrobial susceptibility of Streptococcus suis in the
Netherlands, 2013–2018
Jobke VAN HOUT1, Maaike GONGGRIJP1 and Annet Heuvelink1
1

GD Animal Health, Deventer, the Netherlands

Streptococcus suis is an important pig pathogen, and additionally, an emerging zoonotic
bacterium. The objective of this study was to analyse the in-vitro antimicrobial susceptibility
(AMS) of S. suis from diseased pigs in the Netherlands. S. suis isolates, over 3000, originated
from diagnostic submissions of pigs sent to GD, from April 2013 until December 2018. Minimal
inhibitory concentrations (MICs) of 14 antimicrobials were assessed by broth microdilution
following CLSI recommendations. MIC50 and MIC90 values were determined and MICs were
interpreted as susceptible, intermediate and resistant using CLSI veterinary breakpoints (when
available).
Emergence of resistance among S. suis from diseased pigs appeared to be limited. Percentage of
resistance
to
ampicillin,
ceftiofur,
enrofloxacin,
florfenicol,
penicillin,
and
trimethoprim/sulfamethoxazole was low, to clindamycin medium, and to tetracycline high. Crossresistance between penicillin and ampicillin appeared to be incomplete. For some antimicrobials,
an effect of season, farm of origin, and/or age category on percentages of resistant isolates was
found.
It has to be kept in mind that the results represent only part of the Dutch pig population. However,
given the high number of isolates, this passive monitoring is considered to provide a reliable and
representative picture of the AMS of S. suis isolates in the Netherlands. Interpretation of MICs of
(clinically relevant) antimicrobials tested for treatment of S. suis infection is strongly hampered
by the lack of clinical breakpoints that are animal species- and body-site-specific. Therefore, and
to conduct a clinically reliable monitoring of AMS of veterinary pathogens, more species- and
body-site-specific veterinary breakpoints are urgently needed.
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A High-Throughput Method for Antimicrobial Resistance Genes Detection
Raphaëlle Youf1, Emilie Dauvergne1, Hattie E. Webb2, Sabine Delannoy1, Arnaud Briet3,
Thomas Brauge3, Graziella Bourdin3, Patrick Fach1, Sophie A. Granier1, Anne Brisabois1,3
1

French Agency for Food, Environmental and Occupational Health & Safety (ANSES), Food Safety Laboratory,
Université Paris-Est, Maisons-Alfort, France.
2
Department of Animal and Food Sciences, Texas Tech University, Lubbock, TX, United States
3
French Agency for Food, Environmental and Occupational Health & Safety (ANSES), Food Safety Laboratory,
Boulevard du Bassin Napoléon , Boulogne-sur-Mer , France.

Antimicrobial resistance (AMR) is a serious public health concern because it reduces
options and efficiency treatments, especially in Gram-negative bacterial infections1. Currently,
there is no AMR monitoring system for seafood products in France, thus representing an
underexplored potential route for human exposure. The antibiogram method, based on phenotype
analysis, is currently the most widely used technique in the clinical context. Nevertheless, this
technique requires several days and provides no genetic information. Indeed, when phenotypic
data is not sufficiently detailed to control possible outbreaks involving resistant bacteria,
Polymerase Chain Reaction (PCR) molecular characterization is used2. The aim of this study was
to develop a method, based on high throughput real-time PCR, to detect antibiotic resistance genes
in Gam negative bacteria using a dynamic microarray (PCR microarray) and the BioMark system
(Fluidigm).
Therefore, we designed a set of 96 primers targeting
AMR genes according to the World Health
Organization (WHO) of critically important
antimicrobials for human medicine3 (cephalosporins,
macrolides
and
ketolides,
polymyxins,
quinolones…). The BioMark system allows us to
analyze 94 DNA samples in a single run (up to 9216
reactions in 3h).
Figure 1 : Analysis of AMR qPCR microarray

The PCR microarray had been validated for
inclusivity and exclusivity with positive control strains from various strain collections. As a proofof-concept we applied our PCR microarray to study the AMR gene content within a collection of
150 Gram-negative bacteria isolated from raw seafood products. Interestingly, the microarray
seems to expose some progenitors of antibiotic resistance genes (like blaDHA, blaFOX or qnrA) in
the 150 marine bacteria, and few acquired antibiotic resistance genes (blaCMY-1, ermC or blaTEM).
To conclude, the PCR microarray is a high throughput method adapted to many contexts by
adding or removing AMR genes targets. We are now investigating implementing this microarray
on complex samples.
References
1 - Mukerji S., O’Dea M., Barton M., Kirkwood R., Lee T., Abraham S. (2017). Development and transmission of antimicrobial
resistance among Gram-negative bacteria in animals and their public health impact. Essays Biochem. 61 23–35.
2 - Anjum MF., Zankari E., Hasman H. (2017). Molecular Methods for Detection of Antimicrobial Resistance. Microbiol
Spectr. 5(6).
3 - Critically important antimicrobials for human medicine – 5th rev. (2017). Geneva: World Health Organization
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The future of (veterinary) antimicrobial susceptibility testing
Alex van BELKUM
Cinical Unit, Scientific Partnerships bioMérieux, La Balme Les Grottes, France

Antimicrobial susceptibility testing (AST) provides critical information for the clinical
management of both human and animal patients with infectious diseases.
The gold standard methods for reliably and quickly assessing an organism’s susceptibility to
antibiotics are still growth-based and require incubation over relatively long periods of time.
Traditionally, susceptibility can only be adequately determined when an infectious
microorganism has been first isolated in pure culture.
The long turnaround times contribute to the continuing spread of infectious agents and the misuse
or overuse of antibiotics. This, in turn, can lead to furthering global antimicrobial resistance
(AMR).
Concerning veterinary AST in France, historically only the use of agar dilution-based and disk
diffusion-based AST were authorized. Just recently broth micro dilution (BMD) based testing has
been accepted but still commercial BMD method are not allowed for routine use. In this context,
phenotypic BMD-based AST can bring benefits to standardized and faster AST when compared
to the traditional agar dilution or disk diffusion based methods. Rapidity, automation and
reproducibility are just three of the advantages.
Many new solutions enabling faster AST are under development. This is much needed since little
progress has been made to shorten the turnaround time for phenotypic AST over the past years.
In addition some promising new innovations infer AMR directly from a clinical specimen by
detecting the presence of resistance genes or other genomic markers. There is a continued need
for improvement in the AST field and the newer technologies will be briefly reviewed during the
presentation.
In addition to technological aspects, there is a need to improve AST interpretation criteria.
Currently, two independent organizations providing Clinical Breakpoints (CBPs) in the domain
of human infections: the European Committee on Antimicrobial Susceptibility Testing
(EUCAST) and the American Clinical Laboratory and Standards Institute (CLSI). For veterinary
microbiology, CLSI VAST (Veterinary AST) and a French committee (CASFM: Comité de
l’antibiogramme de la Société Francaise de Microbiologie) publish CBPs. EUCAST’s Veterinary
Subcommittee (VETCAST) has been established but did not yet publish CBPs. The presentation
will touch on methodological and structural differences between EUCAST and CLSI approaches.
This is important in the context of the development of more standardised veterinary AST given
the fact that there are no borders between animals, humans and the environment when AMR is
involved.

Page 31

Speaker Abstracts

O18

Speaker Abstracts

PALAIS DES CONGRÈS TOURS FRANCE

O19
Analysing the host species and genetic environment of the antibiotic
resistance genes
Marko Virta
Department of Microbiology/ University of Helsinki, Finland

The origins of antibiotic resistance (AR) in the environment is relevant to human health because
of the increasing importance of zoonotic diseases as well as the need for predicting emerging
resistant pathogens. Antibiotics are used in diverse settings for food production. Domestic animals
are treated with antibiotics for both curing disease and promoting growth. Moreover, aquaculture
relies on antibiotics to manage infectious disease.
Risk assessment of antibiotic resistance is complicated. It should include at least quantitative
information of the gene, sequence of the gene, host cell of the gene and genetic environment of
the gene (e.g. presence in mobile DNA element). We have used the combination of different
methods for obtaining that information: Parallel quantitative PCR array for high throughput
quantification (1), epicPCR (2) for host information and Inverse-PCR, IPCR, (3) for analysis of
the genetic environment. IPCR and epicPCR combined with DNA sequencing resolve also the
sequence of the resistance gene.
The qPCR array produces quantitative data of almost 400 AR related genes which is used for the
selection of relevant genes for detailed analysis by epicPCR and IPCR. epicPCR (Emulsion,
Paired Isolation and Concatenation PCR) links functional genes (such as AR genes) and
phylogenetic markers in uncultured single cells, providing a throughput of hundreds of thousands
of cells with relatively low cost. In epicPCR the cells in acrylamide suspension are mixed into
emulsion oil and the emulsion droplets are polymerized into polyacrylamide beads containing
single cells. The emulsion is broken and the cells in the beads are treated enzymatically to destroy
cell walls, membranes and protein components, and expose the genomic DNA. The beads with
cells are then encapsulated into an emulsion with PCR reagents where the fusion PCR amplifies
the target gene with primers having an overhang with 16S rRNA gene homology. The target gene
amplicon will then anneal and extend into the 16S rRNA gene, forming a fusion product that
continues to amplify from a reverse 16S rRNA gene primer. After breaking the emulsion, the
fused amplicons are sequenced. The resulting DNA sequences are concatemers of the target
functional gene and the 16S rRNA gene of the same cell and thus allow linking of the target gene
with 16S phylogeny.
In IPCR, up- and downstream regions of the AR genes are enriched using primers specific to the
AR genes and the resulting amplicons are sequenced with long read sequencing technology such
as PacBio. Following sequencing, genes flanking the ARGs are identified, which permits
determining the potential MGE association of each investigated ARG.
References
(1) Karkman, A., Johnson, T.A., Lyra, C., Stedtfeld, R.D., Tamminen, M., Tiedje, J.M. and Virta, M. (2016) FEMS
Microbial Ecology 92 (3): fiw014
(2) Spencer, SJ., Tamminen, MV., Preheim, SP., Guo, MT., Briggs, AW., Brito, IL., Weitz, DA., Pitkänen, LK.,
Vigneault, F., Virta, MP. and Alm, EJ. (2016) ISME Journal 10:427-436
(3) Pärnänen, K., Karkman, A., Tamminen, M., Lyra, C., Paulin, L., Hultman J. and Virta, M. (2016) Scientific
Reports 6: 35790
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Impact of soil fertilization with organic amendments on the dissemination of
antibiotic resistance in cultivated soils
Alain HARTMANN1, Géraldine DEPRET1, Marjolaine DESCHAMPS2, Sylvie NELIEU2,
Sabine FAVRE-BONTE3, Armelle CROUZET3,5, David LEJON4, Lorenzo SPADINI5, Olivier
CROUZET2, and Sylvie NAZARET3
1
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3
Laboratoire d’Écologie Microbienne, UMR 5557, CNRS/UCB Lyon 1, UMR 1418 INRA, France
4
Rovaltain Research Company, Alixan, France
5
Institut Géosciences et Environnement, UMR 5001, Grenoble, France
2

Organic residues, like bovine manure and sewage sludge co-composted with green wastes, may
contain antibiotic residues and trace metals as well as antibiotic resistant bacteria. Their use for
soil fertilization may lead to the release of these contaminants into the soil and may contribute to
the spread of antibiotic resistant bacteria or to the dissemination of genes encoding antibiotic
resistance in cultivated soils. The objectives of the study were to evaluate i) the fate of metals (Cu
and Zn) and antibiotics (ciprofloxacin and sulfamethoxazole) in soils following application of
organic amendments ii) the dissemination rate of antibiotic resistant bacteria and resistance genes
in soils and iii) to monitor the impact of the contaminants on the overall soil bacterial diversity
and soil functioning. For these purposes, three sets of experiments were conducted at different
scales. Firstly, a monitoring of the QualiAgro long-term field experiment was conducted (Ile-deFrance, France) to compare soil biotic and abiotic characteristics before and after amendment with
two organic wastes (bovine manure and sludge compost) using non amended soil as a control.
Secondly, mesocosm experiments (15 cm diameter – 40 cm height columns) were conducted to
determine the effect of increasing doses of metal and antibiotic cocktail (sulfamethoxazole,
ciprofloxacin, Zn and Cu) on the transfer of these molecules in soil and on the subsequent increase
of resistance and mobility gene level i.e. sul and int genes, respectively. Finally, microcosms
experiments were done to determine the impact of increasing antibiotic doses on the prevalence
of antibiotic resistance genes.
The spread of antibiotic resistance was followed in field and mesocosm experiments using two
complementary approaches: a culture-based method (isolation on selective media enriched with
antibiotics) targeting a specific group of bacteria: Stenotrophomonas maltophilia, and a molecular
method based on soil DNA characterization using qPCR targeting directly resistance genes. The
fate of antibiotics and metals were measured on various soil extracts (total and available fractions)
by UHPLC–MS/MS quantifications for antibiotics or ICP–MS quantifications for metals.
Altogether, our results suggest that soil amendment with organic wastes can lead to the increase
of the antibiotic resistance level in soil, at least transiently. This was observed mainly using
molecular based detection of resistance and mobility genes. Surprisingly, we showed that
sulfamethoxazole was able to migrate rapidly through soil (column experiment). Antibiotics did
not seem to affect the soil functions or the S. maltophilia community structure studied while
metals show a low mobility and have a strong effect on these two parameters.
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Abundance and diversity of the antimicrobial resistance genes in soils from
integrated or monoculture ponds mode
Chunyan XU1, Dejun LIU1, Yingbo SHEN1, Shaolin WANG1, Xi XIA1, Ziquan LV2, Jianzhong
SHEN1, Yuebin KE2, Yang WANG1
1

2

China Agricultural University, Beijing, China
Shenzhen Center for Disease Control and Prevention, Shenzhen, China

Background and objective: Integrated aquaculture is a common aquaculture practice in China
and its aquatic environment is considered as potential major reservoirs for antimicrobial
resistance genes (ARGs). Here we aimed to investigate the bacterial communities and ARGs in
soils from integrated and monoculture ponds in Guangdong province, China.
Methods: One monoculture fish pond, and two integrated culture ponds respectively with meat
duck-fish and laying duck-fish, were selected in this study. All these three ponds were located
within 1 km, and three soil samples surrounding each pond were collected. Subsequently, total
DNA of each sample was extracted using the DNeasy PowerSoil® Kit and sequenced by the
Illumina Hiseq X Ten platform. Bacterial communities and ARGs were analyzed by metaphlan2
and srst2 from the DNA sequences.
Results: Proteobacteria, including Alphaproteobacteria, Betaproteobacteria and
Gammaproteobacteri, was the most abundant phylum in all ponds. ARGs conferring resistance
to sulfonamide (sul1and sul2), tetracycline (tet(X), tet(G), tet(33)) and β-lactam (blaOXA) largely
existed in two integrated culture ponds, in addition with phenicol resistance gene floR in meat
duck-fish pond and aminoglycoside resistance gene aadA in laying duck-fish pond. However,
only two ARGs, the sulfonamide resistance gene sul1 and macrolide-lincosamide-streptogramin
resistance gene ereA, were detected in the monoculture fish pond.
Conclusions: We observed the diversity and abundance of ARGs varied by fish modes, and the
fish ponds of integrated culture mode exhibited more ARGs than that of monoculture mode. The
metagenomic analysis is proposed to be a feasible approach for surveillance of ARGs in
environment.
Acknowledge This work was supported in part by the grants from National Key Research and Development
Program of China (2018YFD0500300), National Natural Science Foundation of China (81861138051 and
81661138002).
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The effects of tylosin and direct fed microbials (DFM) on Enterococcus and
antibiotic resistance determinants in the cattle feedyard environment
Ashlyn C. HOLBERT1, Sarah A. MURRAY2, H. Morgan SCOTT2, Javier VINASCO2, Sara D.
LAWHON2, Jason E. SAWYER3, Brent W. AUVERMANN4, Jenny S. JENNINGS4, William
E. PINCHAK5, Kenneth D. CASEY4, Keri N. NORMAN2
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Antibiotics are administered to agricultural animals for the treatment, control, and prevention of
infectious diseases. Tylosin is an antibiotic administered to beef cattle for the prevention of liver
abscesses. Previous research has shown that antibiotics have an impact on the prevalence and
antimicrobial resistance profiles of intestinal bacteria in cattle; however, little is known about the
role of the environment in the persistence of antimicrobial resistant bacteria in cattle feedyards
following antibiotic administration. Recent research has demonstrated that fugitive bioaerosols
from the cattle feedyard have the potential to contain antimicrobial resistance determinants,
further emphasizing the need to understand bacterial population dynamics in the cattle feedyard
environment. The objective of this study was to determine the effects of tylosin, direct fed
microbials, and pen relocation on the prevalence and antimicrobial resistance of Enterococcus
and bacterial population dynamics in the cattle feedyard environment. A 2x2x2 factorial design
with tylosin administration, DFM administration, and pen relocation as the treatment groups was
conducted at an experimental feedyard in central Texas. Environmental pen samples were
collected on days 0, 84, and 119 of the study. Pen samples from day 84 were desiccated and
hammer-milled to simulate dust samples. Samples were spiral plated onto m-Enterococcus agar
and m-Enterococcus supplemented with either tetracycline or erythromycin. Phenotypic
antimicrobial resistance patterns were determined by broth microdilution using Sensititre™
NARMS gram-positive plates. Whole genome sequencing was conducted on a selection of
isolates to determine sequence type, antimicrobial resistance genotypes, and plasmids.
Metagenomics sequencing was conducted on fresh samples from days 0, 84, and 119 and dust
samples from day 84. We found an increased prevalence of Enterococcus resistant to tetracycline
and erythromycin from day 0 to day 84 and decrease from day 84 to day 119. Interestingly, there
was no significant difference in Enterococcus prevalence across treatment groups. Phenotypic
resistance to tetracycline and erythromycin was detected in 193 and 164 isolates, respectively. All
isolates were resistant to at least one antibiotic and the frequency of multidrug-resistant isolates
was higher in old pens in comparison to new pens. WGS detected either tet(M) or tet(L) in the 11
tetracycline resistant E. faecium isolates sequenced and ErmB in the nine erythromycin resistant
E. faecium isolates sequenced. Diverse groups of sequence types were detected including ST240,
ST540, and ST22. We are currently analyzing the metagenomics data. The effect of the
environment appears to have a greater impact on Enterococcus prevalence and resistance than
treatment with tylosin or DFM, suggesting environmental modifications may be an effective
mitigation strategy for controlling antimicrobial resistance.
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Colistin resistance genes (mcr-1 to mcr-5) in agricultural soil fertilized with
animal manure in Northern Italy
Roberta TOLOSI1, Lisa CARRARO1, Guido GRILLI2, Petra CAGNARDI3, and Alessandra
PICCIRILLO1
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Fertilization with animal manure is a common agricultural practice in Italy. Waste products from
intensive animal farming, such as cattle, swine and poultry farms, are the most frequently utilized.
However, manure may contain residues of antimicrobials used during rearing that may have a
negative impact on the environment, including the dissemination of antimicrobial resistance genes
[1, 2]. Colistin is an antimicrobial commonly used in animals, and recent studies showed that
resistance can be induced by plasmid-mediated mcr genes [3]. The presence of antimicrobials,
such as colistin, in animal manure used as fertilizer of agricultural soil may promote the
dissemination of mcr genes into the environment. This study aimed at investigating the presence
of colistin residues and mcr-1 to mcr-5 genes in agricultural soil before and after fertilization with
manure/slurry from intensive animal (i.e. dairy, swine and chicken) farms in Northern Italy. A
total of 84 samples (1 sample of manure/slurry per farm; 1 sample of soil before fertilization, T0,
per farm; and 1 sample of soil about 30 days after fertilization, T30, per farm) were collected from
dairy (n = 11), swine (n = 10) and chicken (n = 7) farms. All samples were analysed by HPLCMS/MS and by SYBR® Green Real-Time PCR for the detection of colistin and mcr-1 to mcr-5
genes, respectively. None of the samples contained colistin residues, whereas all the mcr genes
were found. In swine farms, all 5 mcr genes (i.e. 5 slurry, 2 T0 and 3 T30 samples for mcr-1; 3
slurry samples for mcr-2; 3 slurry, 2 T0 and 2 T30 samples for mcr-3; 2 slurry and 1 T30 samples
for mcr-4; 1 slurry and 1 T30 samples for mcr-5) were detected. In chicken and dairy farms, mcr1 (i.e. 3 manure samples in dairy, and 3 T0 and 1 T30 samples in chicken), mcr-3 (i.e. 2 manure
in dairy samples, and 1 manure and 1 T0 samples in chicken), mcr-4 (i.e. 1 manure sample in
dairy) and mcr-5 (i.e. 1 T0 sample in dairy) genes were found. Overall, mcr-1 was the prevalent
gene (20%), followed by mcr-3 (13%), mcr-4 (4.8%), mcr-5 (3.6%), and mcr-2 (3.5%). This study
showed that all the mcr genes were present in all types of animal (i.e. dairy, swine and chicken)
manure and related fertilized soils regardless of the presence of colistin residues. Furthermore, a
higher prevalence and diversity of mcr genes was found in swine manure and related fertilized
soils compared to those from dairy and chicken farms. In conclusion, the presence of plasmidmediated mcr genes both in manure and in agricultural soil is concerning for environmental and
public health and further research is needed to understand their ecology into the environment.
References
[1] Y.G. Zhu, T.A. Johnson, J.Q. Su, M. Qiao, G.X. Guo, R.D. et al. (2013). Proc Natl Acad Sci USA 110:3435-3440.
[2] S. Jechalke, H. Heuer, J. Siemens, W. Amelung and K. Smalla (2014). Trends Microbiol 22:536-545.
[3] J. Sun, X. Zeng, X.P. Li, X.P. Liao, Y.H. Liu and J. Lin (2017). Anim Health Res Rev 18:136-152.
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Meta-genomic analysis of resistance genes in the Chesapeake Bay at
recreational sites near wastewater treatment plants and concentrated animal
feeding operations
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The Chesapeake Bay in Maryland, USA is a large estuary that is widely used for recreation and
fishing. The bay receives human faecal contamination from frequent raw sewage overflows due
to aging infrastructure as well as wastewater effluent. Animal waste also impacts the bay due to
the high density of poultry concentrated animal feeding operations (CAFOs). Faecal
contamination is a known source of antibiotic resistance in the environment and different sources
of faecal contamination (ie animal vs human) may introduce different resistance genes into the
environment. The aim of this study was to characterize resistance profile differences between
regions of the bay that may be impacted by human and poultry sources of contamination. Poultry
CAFOs are concentrated on the eastern shore of the bay whereas major urban centres (i.e.
Baltimore and the District of Columbia) are located on the western shore. Water samples were
collected from 7 public recreational areas on the bay over 18 sampling dates in 2017 and 2018.
Additional samples were collected in the bay midstream as part of a routine monitoring program
during September of 2018. Samples were filtered within 6 hours of collection and stored at -20°C
until extracted using the PowerWater extraction kit (Qiagen, Hilden Germany). Shotgun
metagenomics sequencing was performed on samples to detect resistance genes in each sample.
The Comprehensive Antibiotic Resistance Database (CARD) Resistance Gene Identifier tool was
used to identify resistance genes in samples assembled with MEGAHIT. A total of 65 samples
were sequenced including 25 eastern shore sites, 12 midstream sites, and 28 western shore sites.
A total of 252 unique resistance genes were identified using strict match with an average of 5.63
(sd: 3.38) genes per sample. For near-shore recreational sites, the highest number of antibiotic
classes was detected during the fall months. Genes were identified conferring resistance to an
average of 7.1 (sd: 0.80) antibiotic classes in the fall compared to 5.4 (sd: 1.24) and 5.7 (sd:0.61)
classes in the spring and summer (p=0.23).When comparing the eastern and western shore
recreational site samples, the eastern shore had a higher average number of total resistance genes
identified with 6.36 (sd: 3.55) genes compared to 4.74 (sd: 3.08) genes on the western shore
(p=0.0422). The eastern shore also had a higher number of antibiotic classes with an average of
6.76 (sd: 3.36) classes compared to 5.14 (sd: 3.21) western shore sites (p=0.04). Future analysis
will investigate the association between markers of faecal contamination and resistance genes.
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The role of amoebae–Stenotrophomonas maltophilia interaction in the
emergence of bacterial antibiotic resistance in the environment
Elodie DENET, Sylvain TRIADOU, Serge MICHALET, Sylvie NAZARET and Sabine FAVREBONTE
Equipe de Recherche “Multi-résistance environnementale et efflux bactérien” UMR CNRS 5557 Ecologie
Microbienne, INRA 1418, Université Lyon 1, Villeurbanne, France

The occurrence of bacteria harbouring a multi-drug resistance (MDR) phenotype in clinical
environment is linked to the intensive use of antimicrobials. This phenotype is frequent in
opportunistic pathogen species. Outside the hospital, the roles played by the micro- or the macrofauna as reservoir of bacterial pathogen species and their resistance properties remains unknown.
For instance free-living amoebae (FLA) known for their predation role, can internalise bacterial
species such as Legionella pneumophila, which possess the ability to resist to amoebal lysis.
Metagenomic investigations of both the amoebal and the intra-amoebal (bacterial) diversity from
environmental water samples revealed the presence of various pathogenic species belonging to
Stenotrophomonas, Pseudomonas, or Acinetobacter genera1. So far, no data are available
concerning the role played by FLA in soils. Our team is involved in isolation and characterization
of bacterial pathogens associated with FLA retrieved from agricultural and mining soils in France,
Burkina-Faso, or Vietnam2. Our data showed that associated bacteria varied according to the FLA
genus and the isolation area. Different opportunistic bacterial pathogens and MDR strains
belonging to S. maltophilia, and P. aeruginosa, have been identified. Co-culture experiments
between axenic amoebae and bacteria showed the ability of various S. maltophilia strains to
multiply in amoebae according to the resistance phenotype3. Moreover, the interaction between
amoebae and S. maltophilia induced the overexpression of some Sme bacterial efflux pumps.
Metabolic analysis showed the production of amoebal secondary metabolites that were affected
by the co-culture with bacteria. These compounds control bacterial growth and the expression of
efflux pump gene. These results highlight the potential health hazard linked to the presence of
MDR pathogens reservoirs such as FLA and the role of amoebae-bacteria interactions in the
emergence of bacterial antibiotic resistance in the environment.
References
[1] V. Delafont V, A. Brouke, D. Bouchon, L. Moulin, Y. Héchard (2013). Water Res 47:6958-6965.
[2] E. Denet, B. Coupat-Goutaland B, S. Nazaret, M. Pélandakis, S. Favre-Bonté (2017). Parasitol Res 116:31513162.
[3] E. Denet, V. Vasselon, B. Burdin, S. Nazaret, S. Favre-Bonté. (2018) PLoS One 13: e0192308.
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Environmental resistome transcriptional response to gentamicin pollution at
sub-inhibitory concentrations
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Sub-inhibitory concentrations of antibiotics are often released to the environment as a
consequence of anthropogenic activities. These concentrations may stimulate the activity of
environmental antibiotic resistance genes (ARG) and, thereby, contribute to the evolution of
antibiotic resistance in the environment. The scope of this phenomenon and its consequences in
microbial ecology and human health remain unclear. In this study, we evaluated the
transcriptional response of environmental bacteria to pollution with gentamicin, an antibiotic
used in both human therapy and food production. We hypothesized that gentamicin pollution at
sub-inhibitory concentrations would induce an adaptative transcriptional response in
environmental bacteria, whereas higher concentrations of antibiotics would have a lethal or
inhibitory effect. Soil and water microcosms were contaminated with gentamicin at both
inhibitory and sub-inhibitory concentrations. DNA was extracted at 0, 24 and 48 hours, and RNA
was extracted at 0, 4, 8, 24 and 48 hours. Gentamicin concentrations after 0, 4, 8, 24- and 48hours exposure were measured in all the samples using HPLC-MS/MS. Prevalent ARG and genes
related to mobile gene elements (MGE) were identified in non-contaminated and gentamicinpolluted environments using metagenomics. Then, their transcript abundance was determined
using RT-qPCR. This approach established a relationship between gentamicin pollution levels
and the magnitude of the observed transcriptional response in the environment. This relationship
highlights the importance of evaluating the environmental dimensions of antibiotic pollution at
sub-inhibitory concentrations and the need for adopting policies to mitigate antibiotic
contamination in the environment.
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Which factors limit integron function and their spread?
Céline LOOT, Claire VIT, Xavier EYER and Didier MAZEL
Unité Plasticité du Génome Bactérien and CNRS UMR3525, Institut Pasteur, Paris, France
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Mobile integrons, carried by transposons, are mainly known as the genetic agents responsible for
the capture and spread of antibiotic resistance determinants in Gram-negative pathogens.
Integrons are also found in the genomes of hundreds of environmental bacterial species as
sedentary gene capture devices. These chromosomal integrons are the sources of both antibiotic
resistance cassettes and platforms that carry these cassettes among bacterial pathogens. It is
striking that among hundreds of chromosomal integron platforms, only five were captured in
transposons and recruited to spread the antibiotic resistance cassettes. A second striking hallmark
is their quasi-absence in Gram-positive pathogens. One hypothesis which may at least partly
explain both features is that functioning integrons may require specific host factors. Said factors
would either be missing or too distant from their functional counterparts in the species where
mobile integrons are not found. I will present our data on the identification of such factors and
will discuss how they can limit the spread of integrons.
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Impact of antimicrobial exposure on the transfer efficiency of multidrug
resistance plasmids in Salmonella enterica
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Background: Many antimicrobial resistance genes are carried on plasmids that can facilitate
horizontal transfer of these resistance genes and provide for rapid dissemination of multidrug
resistance (MDR) phenotypes among different bacteria. Antimicrobial agents impart selective
pressure that contribute to the emergence of resistant bacteria; however, less is known about the
relative impact of antimicrobial exposure on the dissemination of resistance plasmids.
Methods: MDR Salmonella enterica were tested for their ability to transfer resistance plasmids
using conjugation experiments. Among these, nine isolates with various plasmid profiles were
further assessed to determine the impact of exposure to different concentrations of tetracycline
(0.063 to 64 µg/ml) on the efficiency of conjugal plasmid transfer. Representative transconjugants
were evaluated following the experiments and subjected to PCR-based replicon typing to
determine the plasmids that transferred. Additionally, donor isolates were subjected to whole
genome sequencing to identify potential genetic differences that may contribute to differences in
the observed conjugation efficiency.
Results: There was a dose-dependent impact on plasmid transfer efficiency and strain-level
variability in conjugation dynamics following tetracycline exposure (Figure 1). Four of 9 strains
displayed patterns of increasing relative conjugation efficiencies compared to the non-exposed
control as the tetracycline concentration increased to a point, where the numbers began to decrease
likely due to toxicity at elevated tetracycline concentrations. Sequencing data showed diverse
plasmid and antimicrobial resistance gene profiles, including the carriage of multiple resistance
plasmids among these isolates. The most common plasmid types were incompatibility (Inc) group
A/C, FIA, FIB, I1, HI1, and HI2. Additionally, the distribution of plasmids among the
transconjugants was varied; for example in some strains the IncA/C plasmids were most
commonly transferred and in other instances the plasmid rarely transferred.

Figure 1. Results of the selective pressure experiments for tetracycline showing the relative number of
transconjugants following antimicrobial exposure relative to those combinations not exposed to antimicrobials. Each
experiment mixtures were plated in triplicate and repeated a total of three times.

Conclusions: Tetracycline exposure can impact the efficiency of plasmid transfer in many
Salmonella strains. The distribution of plasmids transferred among the strains was variable, with
different plasmid types appearing to transfer under different parameters. Ongoing studies are
assessing the underlying mechanisms that contribute to the differences in efficiency of plasmid
transfer following exposure to difference concentrations of tetracycline.
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Genomic characterization of antibiotic resistance-encoding, phage-like
plasmids (PLP) -defining their nature and identification of a novel association
with mobile mechanisms for colistin resistance
Anna COLAVECCHIO1, Shabaronath Srikumar2, Yujie Hu2, Lawerence GOODRIDGE1 and
Séamus FANNING2
Department of Food Science and Agricultural Chemistry, Food Safety and Quality Program, McGill University,
21,111 Lakeshore Dr., Ste Anne de Bellevue, Quebec, H9X 3V9, Canada 1
UCD-Centre for Food Safety, [UCD Centre for Molecular Innovation and Drug Discovery, University College
Dublin, Belfield, Dublin D04 N2E5, Ireland 2

Due to the misuse of antibiotics in agriculture, the environment, and animal and human
medicine, antibiotic resistance (AR) has emerged as a major health concern worldwide and
threatens food security as well as human and animal health. Mobile genetic elements (MGEs)
including plasmids, transposons, and phages contribute to the spread of antibiotic resistance genes
(ARGs) and have the ability to form hybrid elements within the chromosomes and plasmids of
foodborne bacteria. Phage-like plasmids (PLPs) are phage/plasmid hybrids that exist in a circular
extrachromosomal form within bacteria. Phage-like plasmids (PLPs) are inducible and harbour
antibiotic resistance genes (ARGs) and/or heavy metal resistance (HMR) genes and may
contribute to the spread of AR.
This study describes the genomic characterization of 8 PLPs identified in E. coli of bovine
origin as well as a food sample (oysters). Additionally, 49 PLPs, identified in whole genome
sequences (WGS) obtained from the scientific literature and public databases, were also included
for study. The study informs on characteristics including ARGs, heavy metal resistance (HMR)
genes and MGEs, their taxonomy, and ultimately their potential contribution to AR.
Phage-like plasmids (PLPs) were identified in 12 different bacterial species. Seventeen
PLPs conferred AR resistance to aminoglycosides, β-lactams, carbapenems and polymyxins. Six
PLPs conferred resistance to either mercury or tellurite, which is significant due to co-selection
mechanisms. MGEs including insertion sequences (IS), transposons, and transposases flanking
the ARGs and HMR genes in 76% of the PLPs harbouring these resistance genes. In addition,
75% of PLPs were typeable with the two major replicon types being IncFIB and IncY. Genomic
analysis also suggested that PLPs represent a novel class of temperate phages that could be
classified into two phage lineages: SSU5-like and P1-like. Based on their worldwide
dissemination, the presence of ARGs flanked by MGEs and co-selection mechanisms of HMR,
these results collectively demonstrate the potential contribution of PLPs to the spread of AR.
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Transfer of large antibiotic resistance islands in Acinetobacter baumannii
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CNRS, UMR5308, École Normale Supérieure de Lyon, Univ Lyon, 69100, Villeurbanne, France
2. Université de Lyon, VetAgro Sup, 69280 Marcy l'Etoile, France.
3. Unité Antibiorésistance et Virulence Bactériennes, Université Claude Bernard Lyon 1, ANSES Site de Lyon,
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Causative agent of infections in humans and animals, Acinetobacter baumannii concerns
because of its startling ability to acquire rapidly antibiotic resistance. Multiple horizontal gene
transfert mechanisms may explain the high propensity of A. baumannii to acquire antibiotic
resistance including natural transformation. Contrasting with mechanisms where bacterial cells
are passive targets (phage, plasmid, ICE…), this mechanism is used by bacteria to actively seek
new genetic material. By allowing uptake and chromosomal integration of exogenous DNA
fragments, transformation promotes genetic diversification. Natural transformation, described
only recently in A. baumannii[1], may explain the rapid spread of resistance among A. baumannii
and close species. To investigate natural transformation in A. baumannii, we developped a
cytometer-based method to detect horizontal gene transfer and demonstrated that transformation
is a conserved trait among clinical and non-clinical isolates from human and animal origin[2].
Furthermore, we highlight that natural transformation allows the acquisition of carbapenem
resistance, including when carried by AbaR genomic island. AbaR islands are potential
contributor to multi-drug resistance of A. baumannii, with a great diversity in gene content and
carrying multiple putative antibiotic-resistance genes. More than 20 types of AbaR are described
with notably one conveying resistance to carbapenem. Although found in distant clones and
related species, AbaRs do not cary self-mobilizing gene. We demonstrate that AbaR islands can
be acquired by natural transformation (16 and 86kb-long AbaRs were tested) and that this
acquisition occurs rapidely upon bacterial interaction. Genome sequencing of recipient bacteria
indicated that more than 180kb can be transferred by natural transformation upon bacterial
interaction. Hence, A. baumannii and related species can efficiently acquire large resistance
genomic island through this mechanism. Interstingly, the AbaR islands insert in a gene involved
in natural transformation subsequently interferring with this horizontal gene transfer mechanism
and promoting their persistence in A. baumannii genomes.
References
[1] G. Wilharm, J. Piesker, M. Laue and E. Skiebe (2013). Journal of Bacteriology, , 195, 4146–4153.
[2] A.-S. Godeux, A. Lupo, M. Haenni, S. Guette-Marquet, G. Wilharm, M.-H. Laaberki and X. Charpentier (2018),
Journal of Bacteriology 200, e00181-18.
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Key role of chromosomal mobile genetic elements transferring by
conjugation in the dissemination of antimicrobial resistance in Streptococcus
suis
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Streptococcus suis is a zoonotic pathogen that leads to high economic losses in the pig industry
and is responsible for serious infections in people working in close contact with infected animals
or contaminated meat [1]. Increasing reports of antimicrobial resistance (AMR) genes carried by
mobile genetic elements in S. suis suggest that this species could be a reservoir of AMR genes
spreading to other species by horizontal gene transfer. ICEs are mobile genetic elements, which
are able to excise from the chromosome and transfer autonomously by conjugation [2]. Poorly
studied elements called Integrative and Mobilizable Elements (IMEs) are able to excise and
subvert the conjugation apparatus of unrelated conjugative elements to promote their own transfer
to other bacterial cells [3]. Despite being extremely abundant and diverse, these elements are less
documented because they are difficult to detect in genomes.
The thorough in silico analysis of 214 genomes of S. suis strains belonging to 27 serotypes
revealed a huge number of chromosomal mobile genetic elements transferring by conjugation:
496 Integrative Conjugative Elements (ICEs; 233 complete and 263 defective or partial) and 457
Integrative Mobilizable Elements (IMEs; 406 complete and 51 defective or partial). A high
diversity of integration sites was detected (7 different ones for ICEs and 13 for IMEs, including 5
newly described sites) as well as a high mosaicism of these elements. Their high plasticity results
from an accretion in tandem with other ICEs, recombination between elements and module
exchanges but also integration of other elements (ICE or IME) inside the ICE. Many of these
genetic elements carry AMR genes thus indicating a key role of these chromosomal mobile
genetic elements in the dissemination of antimicrobial resistance in S. suis and also likely towards
other bacterial species.
References
[1] G. Goyette-Desjardins, J.P. Auger, J. Xu, M. Segura, M. Gottschalk (2014). Emerg Microbes Infect 3:e45.
[2] X. Bellanger, S. Payot, N. Leblond-Bourget, G. Guédon (2014). FEMS Microbiol Rev 38:720-60.
[3] G. Guédon, V. Libante, C. Coluzzi, S. Payot, N. Leblond-Bourget (2017). Genes (Basel) 8(11):337.
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High-level gentamicin resistance (HLGR) abolishes the synergy with beta-lactams impeding rapid
killing of streptococci. HLGR has been mostly reported from Streptococcus agalactiae and
exclusively from humans [1]. Through the Resapath, the French network for the surveillance of
antibiotic resistance in bacteria from diseased animals, 20 Streptococcus dysgalactiae subsp.
equisimilis demonstrating HLGR (E-test >1024 mg/L) were found in 2017-2018. All isolates
came from horses suffering from reproductive disorders. They lived in Normandy and 18 out of
20 lived in the same stud. This study aimed at investigating the genetic mechanisms underlying
the HLGR.
The genomes of all isolates were sequenced by Illumina MiSeq and for one isolate also by
the Oxford Nanopore Technologies using the MinION. Assembly of the reads was achieved using
Spades 3.9 and Unicycler, and annotation using PROKKA. The presence of SNPs and resistance
genes was determined by CSI Phylogeny 1.4 and ResFinder, respectively. Genomic islands were
analysed by BLASTN.
All isolates were clonal and all harboured the aph(2')-Ib and aac(6')-Im genes, known to
confer HLGR [2], and also a lsa(C) gene, missing the starting codon, and a tet(M) gene located
on a Tn916 transposon. The aph(2')-Ib and aac(6')-Im genes were located on a 7kb genomic
island, inserted in a 80kb ICE-like element, containing 80 predicted orfs, flanked by direct repeat
sequences, in turn inserted in a tRNA methyltransferase encoding gene (Fig.1).
The genetic environment of the aph(2')-Ib and aac(6')-Im genes could be unveiled, suggesting
the occurrence of multiple recombination events potentially leading to multidrug resistance in S.
dysgalactiae sbsp. equisimilis. So far, the aph(2')-Ib and aac(6')-Im genes have been reported in
one Enteroccus faecium and one Escherichia coli from humans in US [2]. The emergence of
HLGR in zoonotic streptococci thus warrants careful monitoring, all the more so it showed a
capacity to successfully disseminate.

References
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[2] Chow JW, Kak V, You I, Kao SJ, Petrin J, Clewell DB, et al. (2001). AAC 45(10):2691-4.
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Characterizing blaCTX-M-1 plasmids from Escherichia coli isolated from dogs,
poultry, swine, horses, and cattle in Canada
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In Canada, blaCTX-M-1 is overwhelmingly the most common blaCTX-M variant found in Escherichia
coli from chicken and horses and can be recovered at lower frequencies in pigs, cattle, and dogs.
Whole genome sequencing has identified a large genetic diversity of isolates carrying this variant,
warranting further investigation into the plasmids carrying this gene. The objective of this study
was to characterize blaCTX-M-1 plasmids circulating in E. coli isolates from Canadian animals.
Forty-nine blaCTX-M-1 positive E. coli isolates from chicken (n=15), horses (n=11), swine (n=7),
turkey (n=6), dogs (n=5), beef cattle (n=3), and dairy cattle (n=2) were selected for plasmid
characterization. blaCTX-M-1 plasmids were extracted and transformed into E. coli DH10B for
susceptibility testing and incompatibility group typing. Short-read sequences were obtained for a
subset of isolates using Illumina technology and long-read sequences were obtained using the
Oxford Nanopore MinION. Genomes were assembled using Unicycler Hybrid assembly and the
resulting blaCTX-M-1 plasmids were analysed and compared using the Mauve Alignment plugin in
Geneious.
Plasmids from the same incompatibility group with similar susceptibility profiles were found
across multiple animal species (Table 1). Sequence alignments showed groups of conserved
plasmids unique to each species in both chicken and horses. These results are similar to what has
been reported in Europe where related blaCTX-M-1 plasmids circulate in bacteria from horses.
Further investigation will be necessary to determine if the blaCTX-M-1 plasmids circulating in E.
coli from Canadian horses and chickens relate to those found in animals and humans in Europe,
and if they carry determinants that provide a selective advantage to their bacterial host in these
animal species.
Table 1. Susceptibility profiles of transformants containing bla
-carrying
CTX-M-1

plasmids from E. coli isolated from Canadian animals
Inc Number of isolates
Ctx
with profile
Type
23
R
3
R
2
R
I1
1
R
1
R
8
R
2
R
HI1
1
R
3
R
N
F

1

R

Tet

Sul

Tmp

Gm

Cm

R

R

R
R
R
R

R
R
R

R
R
R

R
R

R
R
R

R
R
R

R

R

R

R

Km

R
R

R

Animal*
B(2), C(12), S(3), D(2), T(4)
C(1), S(2)
C(1), S(1)
T
D
H
H
D
B (1), Dc(2)
H

4
Chromosomal
C(1), S(1), D(1), T(1)
*B – Beef Cattle C – Chicken S – Swine D – Dog H – Horse Dc – Dairy Cattle T – Turkey
Ctx, cefotaxime; Tet, tetracycline; Sul, sulfonamides; Tmp, trimethoprim; Gm, gentamicin; Km, kanamycin.
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Carbapenemase genes in Enterobacteriaceae isolates from wild birds in
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The emergence and global spread of acquired carbapenemase-producing Enterobacterales (CPE)
are of great concern for public health. Although resistance to carbapenems is associated mainly
with hospital-acquired infections, there is a growing number of evidence of CPE in companion
and food-producing animals and the environment including several reports from wildlife. The aim
of the study was to examine American crows for CPE and to perform molecular typing using
whole-genome sequencing (WGS) as well as to study transferability and closer genetic context of
carbapenemase genes.
A total of 590 faecal samples collected in five sampling sites across USA were cultivated on
MacConkey agar with meropenem (0.125 mg/l) and ZnSO4 (100 mg/l). Two hundred and seventyseven Gram-negative bacteria with reduced susceptibility to meropenem (>0.125 mg/l) were
identified by MALDI-TOF, tested for the production of carbapenemase by recently developed
HRC assay and the presence of carbapenemase genes (blaKPC, blaOXA-48, blaVIM, blaNDM, blaIMP,
blaIMI, blaGES) using PCR followed by sequencing. Clonality of the CPE and plasmid content was
determined by pulse-field gel electrophoresis and their susceptibility to antibiotics was tested
using disk diffusion method. WGS using Ilumina MiSeq was performed to evaluate presence of
antibiotic resistance genes, plasmid replicons and sequence types (ST). The gene transferability
into recipient cells was tested by conjugation experiments and Southern blot hybridization was
used to verify the gene location.
Thirteen CPE isolates including Providencia rettgeri (blaIMP-27, n=11), Klebsiella pneumoniae
ST258 (blaKPC-2, n=1) and Enterobacter asburiae (blaIMI-1, n=1) from birds in two locations were
detected. P. rettgeri isolates were assigned to two unrelated PFGE clusters and blaIMP-27 was
located on the chromosome as a part of class 2 integron. Similar isolates have been recently
described in both human and farm animal isolates in USA. In multiresistant K. pneumoniae ST258
isolate, blaKPC-2 was carried by a pKpQIL-like plasmid as commonly found in human clinical
isolates. The gene blaIMI-1 in E. asburiae was located within a structure showing >99% nucleotide
identity to EcloMEX, an integrative mobile element exploiting the Xer recombinases of the host
for integration, described in human clinical isolates from Canada.
This study showed further evidence of anthropogenic derived dissemination of plasmid- and
chromosomally-encoded carbapenemases into the environment.
Funded by projects LQ1601, 15-28663A and 18-23532S.
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Inter-host transmission of carbapenemase-producing Escherichia coli among
humans and backyard animals
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Background and objectives: The prevalence of carbapenem-resistant Enterobacteriaceae (CRE)
has been increasing rapidly worldwide, posing a global threat to public health. However, the
transmission of CRE between humans and animals has not yet been well-studied. Backyard
farming was frequently associated with inadequate sanitation and poor management practices,
which may accelerate the spread of multidrug-resistant bacteria amongst animals and humans via
direct contact or contact with excretions in this farming operation. Therefore, we investigated the
prevalence, risk factors, and the drivers of CRE transmission between humans and their backyard
animals in rural China.
Methods: Using a comprehensive sampling strategy, we collected fecal samples of humans and
their backyard animals (pig, dog, chicken, cattle, cat and sheep) and flies in the immediate
backyard environment across 12 villages in Shandong, China, in July 2015. Setting the
“household” (residents and their backyard animals) as a single surveillance unit, we assessed the
prevalence of CRE at the household level and examined the factors associated with CRE carriage
including a detailed questionnaire. Genetic relationships among human- and animal-derived CRE
were assessed using Whole Genome Sequencing-based molecular methods.
Results: A total of 88 NDM-type carbapenem-resistant E. coli (NDM-EC), 76 (17 humans, 44
pigs, 12 chickens, 1 cattle and 2 dogs) were isolated from 65 of the 746 households examined,
and 12 from flies in the backyard. Two major risk factors for NDM-EC carriage in the household
unit were identified: (i) The variety of the animals raised/kept in the same backyard area, and (ii)
the application of human and/or animal manure as fertilizer. Discriminant analysis of principal
components revealed that a large proportion of the core genomes of the NDM-EC belonged to
strains from hosts other than their own, indicating that humans and animals were the obvious
genetic sources of strains, but interspecies transmission followed by recombination events most
likely accounted for the results observed. Besides, several human isolates shared the same
genotypes with the animal isolates based on the core single nucleotide polymorphisms analysis,
and showed >99% nucleotide sequence identity of the blaNDM-carrying regions/plasmids (IncX3)
with that in animal NDM-EC isolates.
Conclusions: This study is the first report of direct transmission of NDM-EC between humans
and animals. Given the rise of NDM-EC in community and hospital infections, combating NDMEC transmission in backyard farming systems is urgently needed.
Acknowledgements.
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81661138002), National Key Research and Development Program of China (2018YFD0500300), the Swedish
Research Council (Grant D0879801), and the Medical Research Council (MR/P007295/1).
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Resistance to Colistin Is Decreasing in Livestock in The Netherlands; A
Genetic Study Of Endangered Plasmids.
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Since the colistin resistance gene mcr-1 was first described, retrospective studies have
demonstrated that the gene has spread globally on a range of different plasmid types (1,2). In the
past, colistin was widely used in livestock in the Netherlands. Although the prevalence of colistin
resistance in humans and animals in the Netherlands is low, colistin is now considered a last resort
antibiotic for severe infections in humans. Therefore, the genetic diversity of colistin resistant
isolates from livestock from the Netherlands was investigated.
A collection of non-selectively isolated Escherichia coli from meat and faecal samples from
livestock animals in the Netherlands, from 2010-2015, with non-susceptible phenotypes for
colistin were retrospectively tested for the presence of mcr. For 2016 - 2018, active screening was
performed to detect mcr in samples. Whole genome sequencing with Illumina was performed on
all isolates. For those isolates in which the mcr-encoding plasmid could not be assembled into a
single contig, ONT- MinION long-read sequencing was used to assemble complete plasmid
sequences.
Colistin resistance was most abundant in faecal samples and meat from poultry and veal calves
although overall prevalence is low. Phenotypically resistant E. coli were sequenced and analysed
to determine if specific genetic clusters were associated with certain plasmid types. IncX4 and
IncHI2 plasmids were the most abundant mcr-plasmids, followed by colE, IncI2, IncI1 plasmids
or isolates with chromosomal insertions. Comparison of these plasmid sequences with global
sequences from Genbank indicates that there is no specific genetic clusters in the Netherlands.
A decreasing trend over time is seen for colistin resistance in livestock in the Netherlands. The
diversity in the genetic background of the Dutch mcr-carrying E. coli indicate that the
epidemiology is determined by conjugation of the plasmids into different E. coli hosts rather than
by clonal expansion.
[1]
Liu, Y.-Y. et al. Emergence of plasmid-mediated colistin resistance mechanism MCR-1 in animals and
human beings in China: a microbiological and molecular biological study. Lancet Infect. Dis. (2016) 16(2):161-8.
[2]
Matamoros S, et al. Global phylogenetic analysis of Escherichia coli and plasmids carrying the mcr-1 gene
indicates bacterial diversity but plasmid restriction. Sci Rep. (2017) 10;7(1):15364.
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A global perspective: One Health response to Antimicrobial Resistance
Karin WAEFLER1
1

World Health Organization/Europe, Copenhagen, Denmark

Antimicrobial resistance is a multi-faceted global issue, no country can avoid the consequences
when antimicrobials become ineffective. Globalization fuels the spread of antimicrobial
resistance (AMR) where transmission is facilitated by increased trade, travel and both human and
animal migration. Travelers often carry home resistant bacteria from holidays or business trips.
An example of globalization fueling the spread of antimicrobial resistance is seen in the antibioticresistant mcr-1-strain of colistin. Colistin is widely used in Chinese livestock which has likely led
the bacteria to evolve, gain resistance and transmit from livestock to humans through food. This
strain was reported 2016 in the US and Europe.
This example shows that antimicrobial resistance cannot be tackled in isolation by individual
countries but needs global cooperation. Strong multisectoral collaboration at an
intergovernmental level has been instrumental in elevating awareness and initiating coordinated
action.
The Tripartite, a partnership between the Food and Agriculture Organization of the United
Nations (FAO), the World Organization for Animal Health (OIE) and the World Health
Organization (WHO) has played - along with efforts of other key stakeholders - an essential role
in creating the policy framework for the battle against AMR. In 2018 the United Nations
Environment Programme (UNEP) joined the partnership (Tripartite Plus)
In 2015, the Global Action Plan on Antimicrobial Resistance was unanimously endorsed by the
Membership of FAO, OIE and WHO, outlining the responsibilities of all stakeholders across
sectors in combatting this global issue through a One Health approach. To achieve this goal, the
Global Action Plan sets out five strategic objectives:
 to improve awareness and understanding of antimicrobial resistance;
 to strengthen knowledge through surveillance and research;
 to reduce the incidence of infection;
 to optimize the use of antimicrobial agents; and
 develop the economic case for sustainable investment that takes account of the needs of all
countries, and increase investment in new medicines, diagnostic tools, vaccines and other
interventions.
The WHO Regional Office for Europe together with FAO, OIE and UNEP supports countries in
the European Region to develop and implement comprehensive, multi-sectoral National Action
Plans on AMR that are aligned with the objectives of the Global Action Plan. Technical support
is provided for monitoring the resistance situation (Central Asian and Eastern European
Surveillance of AMR) and the antimicrobial consumption (AMC network) as well as for
improving Antimicrobial Stewardship and Infection Prevention and Control and laboratory
quality (e.g. Better Labs for Better Health). Among other activities, Proof-of-Principle projects
aim at performing antibiotic susceptibility testing at local hospital laboratories and at national
reference laboratory level, by stimulating the utilization of blood culture diagnostics.
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Associations between colonization with Clostridium difficile and the diversity
of the gut microbiome in puppies
Laurel Redding1, Alexander Berry1 and Brendan Kelly2
1

University of Pennsylvania, School of Veterinary Medicine, Pennsylvania, USA
2
Perelman School of Medicine, University of Pennsylvania, USA

Colonization with Clostridium difficile, the leading cause of antibiotic-associated diarrhea in
people, has been shown to be associated with reduced gut microbial diversity in people. In dogs,
it is unclear whether C. difficile is a cause of primary enteric disease and whether colonization or
infection with this organism is associated with an altered gut microbiome. This is especially the
case in puppies, where the prevalence of C. difficile has been shown to be elevated. We collected
fecal samples from weaned (n=27) and unweaned (n=74) puppies from 12 litters, and performed
toxigenic culture of C. difficile and 16 S sequencing. We then analyzed the effects of colonization
status, age and litter on microbial diversity using linear mixed effects models. Colonization with
C. difficile was significantly associated with age, and colonized puppies had significantly
decreased microbial diversity and differentially abundant taxa than non-colonized puppies, even
when adjusting for age. However, among the unweaned puppies, the litter explained a greater
proportion (62%) of the variability in microbial diversity than colonization status, and in the six
litters with colonized and non-colonized puppies, the association between C. difficile and
microbial diversity was not significant. The colonization of puppies with C. difficile has important
implications for the potential zoonotic transfer of this organism to people. However, more
research is needed to better understand how microbial communities are shared within a litter and
how they may influence the colonization status of puppies with C. difficile.
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Carriage of ESBL-producing and colistin resistant Enterobacteriaceae, and
Clostridium difficile among veterinarians in the Netherlands
Anouk P. MEIJS1, Esther F. GIJSBERS1, Paul D. HENGEVELD1, Ed J. KUIJPER1,2, Cindy M.
DIERIKX1, Sabine C. DE GREEFF1 and Engeline VAN DUIJKEREN1
1

Centre for Infectious Disease Control (CIb), National Institute for Public Health and the Environment (RIVM),
Bilthoven, the Netherlands
2
Department of Medical microbiology, Leiden University Medical Center, Leiden, the Netherlands

Background and objectives: Animals are a reservoir for several types of (antibiotic resistant)
bacteria. Previous studies have shown that transmission of these bacteria occurs between farmers
and their animals. The aim of this study is to investigate the prevalence of carriage of
ESBL/AmpC-producing Escherichia coli/Klebsiella pneumoniae (ESBL-E/K), colistin resistant
E. coli/K. pneumoniae (colistin-E/K) and Clostridium difficile in veterinarians and veterinary
assistants.
Materials and methods: Veterinarians and veterinary assistants were invited to send in a fecal
sample and to fill in an online questionnaire about their contact with animals at work/home, health,
travel behavior, and hygiene. The samples were cultured using selective enrichment/culture and
species were confirmed using MALDI-TOF.
Results: To date, 479 participants send in a fecal sample and filled in the online questionnaire.
Characteristics of participants are shown in Table 1. Preliminary data showed a prevalence of
10.2% (49/479; 95% CI 7.8 - 13.3) for ESBL-E/K carriage, 10.2% (42/410; 95% CI 7.7 – 13.6)
for colistin-E/K carriage, and 1.8% (8/447; 95% CI 0.9 – 3.5) for C. difficile.
Conclusion: This is the first study in the Netherlands measuring colistin-E/K carriage in a healthy
group of people with intensive animal contact. Prevalence of ESBL-E/K carriage was high
compared to recent Dutch studies, whereas the prevalence of C. difficile carriage was similar to
the general population. Further analysis will be performed to identify risk factors for carriage of
ESBL-E/K, colistin-E/K and C. difficile based on the questionnaire. Resistance genes in ESBLE/K and colistin-E/K positive samples will be typed using PCR and sequencing, and ribotypes
and toxin production of C. difficile will be determined.
Table 1. Characteristics of participants.
Age (median (IQR))
Female vs. male gender
Works with pet animals
Works with farm animals
Works with horses
Proton-pump inhibitor use during last 6 months
Antibiotic use, last 6 months
Travel during last 6 months
No travel, travel to Western/Northern Europe, North America, Australia
or New Zealand
Travel to Southern/Eastern Europe
Travel to Africa, Asia or Latin America
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N (%)
38 (31-48)
406 (84.8)
444 (92.7)
185 (38.6)
120 (25.1)
63 (13.2)
86 (18.0)
262 (54.7)
149 (31.1)
68 (14.2)
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Host and Environmental Predictors of Antimicrobial Resistance in Urban
Wildlife
Katherine E. L. Worsley-Tonks1, Stanley D. Gehrt2, Timothy J. Johnson1, Shane C. McKenzie3,
Randall S. Singer1, Meggan E. Craft1
1
College of Veterinary Medicine, University of Minnesota, Saint-Paul, Minnesota, USA
School of Environment and Natural Resources, Ohio State University, Columbus, Ohio, USA
3
Max McGraw Wildlife Foundation, East Dundee, Illinois, USA

2

Wildlife exposure to antimicrobial resistant bacteria (ARB) and resistance genes (ARGs) has
been extensively reported, especially in human dominated landscapes. However, it is unclear
whether exposure is solely driven by environmental context or whether wildlife traits (e.g.
species, age, sex) are also important. Disentangling these relationships is crucial for
understanding how AMR bacteria are disseminated in the environment, and what the
consequences might be for public and animal health. As a model for this issue, we investigated
whether wildlife exposure to clinically-relevant resistant bacteria and resistance genes was a
function of spatial location in urbanized landscapes, and how patterns varied for different
wildlife species. Fecal samples and rectal swabs were collected from coyotes, raccoons, and
opossums from 3 urban and 4 suburban sites in northwestern Chicago between December 2017
and 2018. We found urban animals to have a higher prevalence of resistant bacteria than
suburban animals. Interestingly, we also detected species-level differences. In preliminary
results, raccoons had a higher prevalence, followed by coyotes and subsequently opossums. Our
findings highlight that proximity to urban areas is an important predictor of wildlife shedding
AMR bacteria, and that some wildlife species may play a more important role in the
dissemination of antimicrobial resistance than others.
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Fruit Bats as Reservoirs of Novel Class 1 Integrons and Carbapenem
Resistant Escherichia coli
Fiona MCDOUGALL1, Wayne BOARDMAN2, Michael GILLINGS1 and Michelle POWER1
1

2

Department of Biological Sciences, Macquarie University, Sydney, Australia
School of Animal and Veterinary Sciences, University of Adelaide, Adelaide, Australia

The spread of antimicrobial resistance (AMR) between people, animals, and the environment is
best viewed from a One Health perspective. However, current AMR surveillance programs
typically focus on humans and domestic animals, and rarely extend to wildlife. The spread of AMR
to wildlife has been facilitated by increased human-wildlife contact and acquisition of resistance
genes via mobile genetic elements. Large numbers of wild Grey-headed flying foxes (Pteropus
poliocephalus), an Australian fruit bat species, roost in urban environments, and each year, several
thousand sick and injured flying foxes enter wildlife treatment facilities. In these urban and captive
environments, they encounter human-associated bacteria which may carry AMR genes. A survey
of flying fox fecal samples detected class 1 integrons that carry resistance genes in wild (5.3%)
and captive (41.2%) flying foxes [1]. When flying foxes enter wildlife treatment facilities, they
can acquire class 1 integrons. Released individuals then have the potential to disseminate integrons
to wild conspecifics. Two novel gene cassette arrays were detected in wild flying foxes (qacHaacA34-blaOXA-21 and qacF) [1]. This suggests that acquisition of integrons allows wild flying
foxes to sample the environmental resistome. Bacterial culture of fecal samples detected ß-lactam
(amoxicillin) resistant Escherichia coli in 2.0% of wild and 7.7% of captive flying foxes [2]. A
carbapenemase producing E. coli isolate harbouring a blaNDM-5 gene was also detected in one wild
flying fox. This isolate exhibited resistance to imipenem (MIC = 32 µg/ml) and meropenem (MIC
>32 µg/ml) [2]. This is the first report of a carbapenemase producing E. coli in any Australian
animal (companion, livestock or wildlife). In total, 28 different resistance genes were detected,
conferring resistance to 11 classes of antimicrobials (Fig. 1). These findings demonstrate the
potential role of flying foxes in the emergence of novel antimicrobial determinants, and as
reservoirs of AMR. This highlights the need for AMR surveillance of wildlife to be included in a
One Health approach.

Fig. 1. Antibiotic resistance and Qac efflux pump genes detected in Grey-headed Flying Fox feces.
References
[1] F. McDougall, W. Boardman, M. Gillings and M. Power (2019). Infect Genet Evol 70:107-113.
[2] F. McDougall and M. Power (Manuscript in preparation).
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Antimicrobial Resistance (AMR) Surveillance and One Health in practice, in
Low- and Middle-Income Countries
Natalie Moyen1, Toby Leslie1, N Claire Gordon1, and Joanna McKenzie2
1
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School of Veterinary Science, Massey University, Palmerston North, New Zealand

2

Following the United Nations General Assembly AMR meeting in September 2016, the UK
government announced further investment, through the Fleming Fund, to tackle AMR, using a
One Health approach, in low- and middle- income countries (LMICs) where the impact of AMR
is disproportionately high. We describe the Country Grant programmes supported by the Fleming
Fund, and managed by Mott MacDonald, which aim to improve the quality of data collected
through AMR surveillance and One Health governance of AMR surveillance systems in 24
countries across Asia and Africa. We will present the outputs of the programme to date and the
lessons learnt on the path to implementation.
The Fleming Fund Global Grants Programme has provided support for development of country
National Action Plans (NAPs) to tackle AMR. The Fleming Fund Country Grants Programme is
targeted to countries that have developed a NAP, but which have limited implementation
capability. Following an official request for support, Mott MacDonald works closely with the
National AMR Coordination Committee in each country, thus ensuring country ownership of the
programme, to undertake assessments of laboratory capacity, AMR governance structures, and
surveillance systems in order to identify priority areas for support. Through an open, competitive
process, a consortium is then selected by Mott MacDonald to implement activities that will
support development of the identified priority areas.
To date, the programme in the countries includes: improvements to laboratory infrastructure,
procurement of equipment and consumables, strengthening AMR reference laboratories,
improving laboratory quality assurance systems, implementation of biosafety and biosecurity
measures, training of laboratory staff in bacterial culture, identification and antimicrobial
susceptibility testing (AST), designing AMR and antimicrobial use (AMU) surveillance
protocols, strengthening data sharing, data management, analysis and interpretation, and
strengthening AMR governance with a One Health approach. Initial surveillance plans focus on
GLASS human priority pathogens and the subset of zoonotic bacteria in poultry, testing for
resistance to antimicrobials critical for human health using the same cut-off points in humans and
animals. Sampling strategies are designed to facilitate comparison of AMR surveillance results in
related human and animal populations.
This unique combination of activities is expected to strengthen each sectors’ AMR and AMU
surveillance capacity, as well as to create and strengthen multi-sectoral surveillance working
groups responsible for interpretation of the surveillance information and guiding policy decisions
to mitigate AMR within countries.
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The presence and future in antimicrobial resistance surveillance.
Hendriksen RS
National Food Institute, Technical University of Denmark, WHO Collaborating Center for Antimicrobial
Resistance in Food borne Pathogens and European Union Reference Laboratory for Antimicrobial Resistance,
Kgs. Lyngby, Denmark

Humans and animals are exposed more than ever to the emerging threat of antimicrobial resistant
(AMR) bacterial pathogens due to increased globalization, urbanization, poverty, poor sanitation,
climate change, population growth and agricultural intensification.
For decades, phenotypic antimicrobial susceptibility testing (AST) have been applied and are
widely accepted globally as the golden standard for AMR surveillance. Thus, WHO, FAO,
NARMS, and EUSR amongst others have all been trying to establish various national, regional
or global AMR surveillance programs. Many of these initiatives, however, have had little global
effect because many laboratories around the world; mainly in the developing part still provide
doubtful phenotypic AST data despite many efforts to build capacity.
In 1995, the first two complete bacterial genome sequences were published and whole genome
sequencing (WGS) has since changed the landscape of microbiology. The recent advancements
in rapid and affordable DNA sequencing technologies, along with online bioinformatics tools for
real time genomic identification has revolutionized conventional microbiology and diagnostics
making WGS a viable routine solution for epidemiological tracking and surveillance of bacterial
pathogens and associated AMR determinants.
A handful of bioinformatics tools to predict AMR determinants have been developed which
include among others ARG-ANNOT, CARD, SRST2, Genefinder, ARIBA, KmerResistance, and
ResFinder. Several studies have already provided evidence of a high concordance, > 96%
between phenotypic AST data and predicted AMR as well as high levels in sensitivity, > 87% and
specificity, >98% depending of the species analysed. All of the tools have, however, also their
individual strengths and limitations in usability and detection of AMR determinants highlighted
in several benchmarking exercises and scientific articles.
Currently two networks exist, the Resistome Tracker from the US FDA and the EU COMPARE
Pathogens portal from European Bioinformatics Institute, both to utilize WGS data as the basis
for rapid and comprehensive sharing of bacterial pathogen identifications and associated AMR
determinants to provide a global surveillance.
In the future, the surveillance system for AMR is likely be expanded by the introduction of
metagenomics to potentially establish a global surveillance to detect and analyse the presence of
all pathogens and associated AMR determinants among the healthy population of humans using
urban sewage or / and the animals at farm level using faeces.
The advancement in WGS and the application of online tools for real-time detection of AMR
determinants are believed to be essential in the future efforts to control and develop prevention
strategies to combat the increasing threat of AMR.
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Tracking the Resistome in One Health Surveillance
Heather Tate1, Gregory H. Tyson1, Patrick F. McDermott1
1
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Antimicrobial resistance (AMR) is a complex problem that requires a global One Health approach
as this issue has broad worldwide implications across animal, human, and environmental sectors.
Most existing integrated approaches to tackle AMR have not fully incorporated a One Health
framework for AMR surveillance design and analysis. The advent of affordable whole genome
DNA sequencing technologies is helping foster a global One Health solution to monitoring AMR.
In the U.S., the National Antimicrobial Resistance Monitoring System (NARMS) created a virtual
tool called Resistome Tracker to monitor AMR in foodborne pathogens. This tool exploits
resistance gene data from genomes deposited at the National Center for Biotechnology
Information (NCBI) (currently more than 200,000) to better understand the epidemiology of
resistance across space, time, and source. Because the presence of known resistance genes
correlates very well with phenotypic resistance, these data can be used as a reasonable proxy for
phenotypic AMR. Simple tools to translate the growing body of complex genomic data into
accessible visual displays are necessary to share data globally. NARMS uses Resistome Tracker
to detect and track novel and emergent resistance genes (including various extended-spectrum
beta-lactamases, and transmissible macrolide, fluoroquinolone, and colistin resistance genes). The
tool also links isolates to the NCBI pathogen database, so that users can examine resistance
phenomena in phylogenetic context. By analyzing resistance profiles across a large collection of
genomic data, and combining that information with SNP clusters, we can get clues to the most
likely sources of origin of AMR strains of enteric bacteria, even if those sources are not sampled
through NARMS. Ultimately, this tool can help public health officials, academics, and researchers
develop interventions to stop or slow the spread of AMR.
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The ICE/IME Finder approach and its application to ICE/IME annotation in
Streptococcus
Charles COLUZZI1, Julie LAO1,2, Gérard. GUEDON1, Marie-Dominique DEVIGNES3, Chloé
AMBROSET1, Thomas LACROIX2 Hélène CHIAPELLO2, Sophie PAYOT1 and Nathalie LEBLONDBOURGET1
1

DynAMic, Université de Lorraine, INRA, 54506, Vandœuvre-Lès-Nancy, France
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MaIAGE, INRA, Université Paris-Saclay, 78350, Jouy-en-Josas, France
3 Loria, Université de Lorraine, CNRS, 54506, Vandœuvre-Lès-Nancy, France

Mobile genetic elements (MGEs) play a key role in bacterial genome evolution by enabling
gene acquisition through horizontal gene transfer. Among these elements, Integrative Conjugative
Elements (ICEs) and Integrative Mobilizable Elements (IMEs) are integrated in the chromosome
of their hosts and transferred by the conjugation machinery.
Transfer and maintenance into the recipient cell are the two biological functions indispensable
for ICEs and IMEs. Genes and sequences involved in these functions are physically close on the
DNA molecule and organized as functional “modules”. Two characteristics of ICEs/IMEs and
related elements can be enlightened: (i) they evolve rapidly mainly through acquisition, loss and
exchange of modules and (ii) they are frequently integrated in tandem arrays or can be nested,
resulting to fuzzy bounds. Consequently, the detection and accurate annotation of ICE/IME
bounds is a difficult task that requires dedicated bioinformatics approaches.
So far, two bioinformatics approaches allow to automatically detect and to annotate ICEs in
bacterial genomes [1, 2] but with imprecise bounds. None of them can detect nested or tandem
elements. Moreover, none of these methods can accurately detect IMEs. Thus, we have designed
a new approach for ICE/IME detection and annotation named “ICE/IME Finder” [3, 4].
In this communication, we will present the ICE/IME Finder methods and will demonstrate its
efficiency to annotate ICEs and IMEs within streptococcal genomes. Information collected in this
work reveals the abundance and huge diversity of ICE, IMEs, nested elements, and tandem arrays
of elements within streptococcal genomes. Moreover, the analysis of genes they carry
demonstrates that many ICEs and IMEs encode antimicrobial resistance. Therefore, the accurate
annotation and delineation of these elements is essential to fully understand the spreading of
antibiotic resistance genes.
References
[1] J. Cury, M. Touchon, and E. P. Rocha (2017). Nucleic Acids Res, 45:8943
[2] M. Liu, X. Li, Y. Xie, D. Bi, J. Sun, J. Li, C. Tai, Z. Deng, H. Y. Ou (2019). Nucleic Acids Res. 47:D660
[3] C. Ambroset, C. Coluzzi, G. Guédon, M. D. Devignes, V. Loux, T. Lacroix, N. Leblond-Bourget (2016). Front
Microbiol, 6:1483.
[4] C. Coluzzi, G. Guédon, M. D. Devignes, C. Ambroset, V. Loux, T. Lacroix, S. Payot, N. Leblond-Bourget (2017).
Front Microbiol 8:443
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Beta-lactamase producing Escherichia coli and antibiotic resistance genes in
municipal and hospital wastewaters: comparison of whole-genome
sequencing and metagenomic approaches
Iva KUTILOVA1,2, Pimlapas LEEKITCHAROENPHON3, Matej MEDVECKY1, Patrick
MUNK3, Valeria BORTOLAIA3, Sünje J. PAMP3, Monika DOLEJSKA1,2
1

Central European Institute of Technology, University of Veterinary and Pharmaceutical Sciences Brno, Brno,
Czech Republic
2
Department of Biology and Wildlife Diseases, Faculty of Veterinary Hygiene and Ecology, University of
Veterinary and Pharmaceutical Sciences Brno, Brno, Czech Republic
3
Research Group for Genomic Epidemiology, National Food Institute, Technical University of Denmark, Lyngby,
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Wastewaters (WWs) serve as important hot spots for antimicrobial resistance (AMR). Monitoring
of WWs can be used to analyse abundance and diversity of AMR genes at the level of large
bacterial and human population. In this study, whole-genome sequencing of beta-lactamaseproducing Escherichia coli and metagenomic analysis were used to characterize AMR levels in
municipal, hospital and river waters in the city of Brno (Czech Republic).
Six types of water samples were collected: inflow/outflow to/from hospital wastewater treatment
plant (WWTP), raw sewage from hospital flowing to municipal WWTP, inflow/outflow to/from
municipal WWTP, and river water. Chromogenic medium without and with cefotaxime (CTX, 2
mg/L) was used for E. coli enumeration and isolation. Isolates were tested for β-lactamaseencoding genes (PCR), susceptibility to antimicrobials of 8 classes (disk diffusion) and clonality
(pulsed-field gel electrophoresis). Representative isolates and whole-community DNA were
subjected to sequencing (MiSeq/NextSeq, Illumina). Sequence data were analysed using CGE
tools (www.genomicepidemiology.org).
CTX-resistant E. coli were mainly extended-spectrum β-lactamase (ESBL) producers (95.6%,
n=158) and were detected in all water samples except the outflow from hospital WWTP. In total
131 isolates (82.9%; n=158) were multi-resistant (resistant to three or more antimicrobial groups)
and most ESBL-producing isolates were positive for blaCTX-M (98.7%; n=151), mainly blaCTX-M15. Among the sequenced E. coli (n=78), 40 different sequence types (ST) were detected including
ST38 (12.8%), ST131 (10.3%), ST635 (6.4%) and ST10 (6.4%). The metagenomic analysis
revealed the high prevalence of genus Pseudomonas, Escherichia, Klebsiella and Aeromonas
(relative abundance >50%) in hospital WWs and majority of non-pathogenic bacteria in municipal
WW, treated and river waters. Genes encoding resistance to aminoglycosides, β-lactams and
macrolides were frequently detected, however blaCTX-M was not found in this metagenomic
dataset.
Based on these findings, the two methods conveyed very different information. Metagenomics
approach revealed that the abundance and diversity of bacteria and AMR genes varied across
tested water samples. Culture-based approach was more appropriate to follow the dynamics of
ESBL-producing E. coli compared to metagenomics which likely requires an increased
sequencing depth or more specific metagenomic protocols.
The study was funded by projects 204/2018/FVHE, LQ1601, ZD189011 and 18-23532S.
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Class 1 integrons gene cassettes as a signature of effluents: the CALYPSO
project
Thomas Jové1, Valentin Tilloy1, Claire Da Silva1, Margaux Gaschet1, Lucie Laval1, MarieCécile Ploy1, Christophe Dagot1 and Olivier Barraud1
1
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Background
Class 1 integrons are bacterial genetic elements widely involved in the spread of antibiotic
resistance in humans, in animals and in the environment. They are now considered as biomarkers
of anthropic pollution. Integrons can recruit, express and disseminate antibiotic resistance genes
(ARGs) embedded within gene cassettes (GCs). GCs are mobilizable units that constitute the
variable part of integrons. Up to 10 GCs have been found within a GC array of class 1 integrons,
and hundreds of GCs, encoding resistance to nearly all antibiotic families, have been described so
far. However, the role of the environment as a reservoir of ARGs that can emerge in clinical or
veterinary settings in the future has been of higher concern in the last years. Detecting emerging
resistance, including novel GCs, and its spread is critical to control antibiotic resistance
dissemination. Here, the objective was to extensively characterize the pool of class 1 integron
GCs from effluents of various sources using next-generation sequencing (NGS).
Methods
We extracted total DNA from 18 effluents from hospitals, cities, slaughterhouses, wastewater
treatment plants or rivers in 5 countries. GC arrays of class 1 integrons were amplified by endpoint PCRs. Libraries were prepared from PCR products and sequenced using the Ion Proton ®
system. Reads were mapped against 427 known GCs. Unmapped reads were assembled as contigs
using MIRA. Contigs longer than 500bp were screened for the presence of GCs using the
IntegronFinder (IF) software. IF-positive contigs with no match in the Genbank database were
manually analysed to confirm the presence of novel GCs.
Results
All effluents displayed a high proportion of GCs with ARGs, notably encoding resistance to
aminoglycosides and β-lactams. ARGs represented the large majority of GCs within hospital
effluents. This was also true for other effluents but at a less extent. The profile of GC content
changed according to the type of effluents and each effluent displayed its own GC signature. With
unmapped reads, we obtained thousands of IF-positive/Genbank-negative contigs among which
we identified hundreds of novel GCs. Some GCs hosted putative novel ARGs among different
classes of antibiotics.
Discussion
NGS combined to our bioinformatics workflow constitute a powerful tool to describe extensively
the GC content of effluents. It allows a semi-quantitative description of the “cassettome” of a
given effluent and provides a specific signature. Finally, it enables to identify novel GCs.
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Will Antibiotic-alternative Growth Promoters Reduce Antibiotic Resistance
in the Microbiome?
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The use of antimicrobials in production animals is considered to increase the mobility of antibiotic
resistance genes (ARGs) in microbiomes (1). Currently, the use of antibiotic growth promoters is
decreasing while the development of non-antibiotic growth promoters is increasing, however,
their influence on the animal resistome is understudied. Quantitative PCR (qPCR) array together
with 16S r RNA gene sequencing and suitable statistical methods allows studying the influences
of different treatments on resistomes and ARG mobility (1, 2).
We investigated the impact of antibiotic alternatives on the pig fecal resistome. The
growth promoters were Carbadox (antibiotic), copper sulfate + zinc oxide (metal) or mushroom
powder (non-antimicrobial). Six pens of seven weanling piglets per treatment, avg. 19 d of age,
were used in a growth trial and after 33 days, fecal samples were taken from 1 median weight gilt
and barrow per pen. Samples from the same pen were pooled, and DNA was isolated. The relative
ARG and mobile genetic element (MGE) abundances were measured using qPCR array with 384
primers and results were compared to a non-treatment control. Our study also produces a data
analysis pipeline for qPCR array results (Fig.1).
More resistance genes were enriched by antibiotic alternatives (six in zinc & copper group
and two in mushroom powder group) than in the antibiotic group (one in Carbadox group) (t-test,
P<0.05). The experimental grouping explained only 26% of the variance in ARG and MGE
abundances (PERMANOVA, P<0.05). Ordination analysis showed that the treatment groups are
not significantly different from non-treatment control group. More ARGs were co-occurring with
MGEs in antibiotic alternative groups than in Carbadox group. 16S rRNA gene sequencing will
reveal ARG and MGE co-occurrences with operational taxonomic units.
The results imply that pig fecal resistome is quite stable and can be manipulated only
slightly during one swine generation. The similarity between groups and ARG–MGE cooccurrence patterns suggest that limiting the use of antibiotics for in favor of alternative growth
promotors might be an insufficient antibiotic resistance mitigation strategy and actively selecting
against ARGs will require a more comprehensive approach.

Fig. 1. qPCRarray data analysis pipeline.
References
[1] T. Johnson, R.D. Stedtfeld, Q. Wang, et al. (2016). mBio 7(2):1–11.
[2] J. Muurinen, A. Karkman, M. Virta (2017). Ch. 14 In: Antimicrobial Resistance in Wastewater Treatment
Processes (eds P. L. Keen and R. Fugère).
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Biocide susceptibility testing: development of a broth microdilution method
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2
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Background and objectives: In contrast to biocide efficacy testing, biocide susceptibility testing
(BST) lacks standardized methods. Therefore, a broth macrodilution protocol has been developed
[1], based on which a broth microdilution method for BST should be established.
Materials and methods: The reference strains Staphylococcus aureus ATCC® 6538, Enterococcus hirae ATCC® 10541, Escherichia coli ATCC® 10536 and Pseudomonas aeruginosa
ATCC® 15442 were comparatively investigated seven times by broth microdilution for their
minimal inhibitory concentrations (MIC) to benzalkonium chloride (BAC), glutardialdehyde
(GLU), chlorhexidine (CHX) and isopropanol (ISO). The following parameters were tested: i) 1st
subculture (SC), and 2nd SC, ii) inoculum preparation by direct colony suspension method (DCS)
with/without glass beads (GB) and iii) incubation for 24, 48, and 72 h.
Results: For each reference strain/biocide combination (with all aforementioned parameters), a
total of 84 MIC values were determined. The modal MIC ± one dilution step was defined as the
acceptable range. In total, 88.1-100 % of the MIC values were within this range for S. aureus
ATCC® 6538, 85.7-100 % for E. hirae ATCC® 10541, 94.5-100 % for E. coli ATCC® 10536, and
96.4-100 % for P. aeruginosa ATCC® 15442. Statistical analysis revealed no significant
differences regarding the stability of the method within the different parameters. However,
increased incubation times resulted in higher MIC values. Within the 24 h-values of all subgroups
(subgroup = one species/biocide combination, regarding the parameters i) + ii)), only six of 64
parameter-combinations (9.38 %) yielded values outside the acceptable range, and those being
equally distributed between DCS with or without GB. Regarding the different SCs used, 4/64 for
1st SC and 2/64 for 2nd SC were outside the acceptable range. The proposed broth microdilution
method for BST of bacteria is as follows: use of a fresh overnight culture (1st SC or 2nd SC),
inoculum preparation via DCS with or without GB, and incubation at 37 °C for 24 h. The broth
microdilution MIC values differed only slightly from the broth macrodilution results obtained for
BAC, GLU and ISO (same modal MIC values for 7/12 reference strain/biocide combinations;
5/12 within ± one dilution step) [1].
Conclusion: This method allows an easier BST than the labour-intensive broth macrodilution and
can contribute to a harmonization of the BST of bacterial pathogens in routine diagnostics.
References
[1] Feßler, A.T., Schug, A.R., Geber, F., Scholtzek, A.D., Merle, R., et al., (2018). Vet. Microbiol. 223:59-64.
[2] Deutsche Veterinärmedizinische Gesellschaft e.V. (DVG) (2007). Vol 4. ISBN 978-3-939902-44-7
[3] Clinical and Laboratory Standards Institute (CLSI) (2018): CLSI document VET01-S. 5th Ed.
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bla gene identification by microarrays in phenotypically resistant Escherichia
coli from young calves in Wallonia, Belgium
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The most frequent resistance mechanism to β-lactam antibiotics is the production of β-lactamase
enzymes (BLA) that inactivate the antibiotics. Their actual classification is highly complex [1,2],
but 4 groups can be summarised: classical BLA (C), extended-spectrum BLA (ESBL),
cephalosporinases (AmpC) and carbapenemases (CPE). According to the results of the disk
diffusion assay (DDA) performed at ARSIA, the Regional Veterinary Diagnostics laboratory in
Wallonia, Belgium, with 8 β-lactams a fifth class was defined: C associated with a cefoxitin
resistance (C_FOX) (Table I).
The aim of this study was to identify the BLA-encoding (bla) genes present in Escherichia (E.)
coli isolated from young calves with diarrhoea or septicaemia between November 2017 and
February 2018 showing different β-lactam resistance phenotypes at the DDA. Of the total of 607
isolates, 94 with different resistance profiles (Table II) were chosen to be tested with the CheckMDR CT103XL® (Check-points BV, Netherlands) microarray [3].
A concordance between the detected genes and the phenotypes was observed for 68 (72%)
isolates. In isolates with ESBL phenotypes, only different blaCTX-M genes were detected while in
isolates with AmpC phenotypes, the blaCMY II and blaDHA genes were both identified and in isolates
with C phenotypes, only the blaTEM-1 or blaTEM-2 genes were detected. In 9 isolates, the detected
bla genes did not match with the observed phenotypes. No bla genes were detected in 17 isolates
including 11 with a C_FOX phenotype. Additional studies by Whole Genome Sequencing are
being performed on the isolates with discordant results and specific PCR will subsequently be
designed and performed to identify the bla genes present in the whole collection of 607 isolates.
Table I – Resistance phenotypes observed at the disk
diffusion assay for the 8 tested β-lactams

Table II – Resistance phenotypes of the 94 bovine
isolates tested by microarrays

AMX: amoxicillin; AMC: amoxicillin + clavulanic acid;
XNL: ceftiofur; CFQ: cefquinome; CTX: cefotaxime;
CTC: cefotaxime + clavulanic acid; FOX: cefoxitin; MER: meropenem

References:
[1] R.P. Ambler (1980). Philos. Trans. R. Soc. 289:321-33.
[2] K. Bush, G.A. Jacoby (2010). Antimicrob. Agents Chemother. 54:969-976.
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Molecular analysis of Aeromonas spp. isolates carrying plasmid-mediated
quinolone resistance genes from food fish in Czech Republic
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The aim of the study was to isolate and characterize Aeromonas isolates with reduced
susceptibility to ciprofloxacin in food fish bred in Czech Republic, and to assess their potential
risks as sources of plasmid-mediated quinolone resistance (PMQR).
Four hundred Aeromonas isolates were collected from common carp and trout fish and
cultivated on blood agar containing ciprofloxacin (0.05 mg/L). Isolates with reduced
susceptibility to quinolones were tested for PMQR and virulence genes using polymerase chain
reaction (PCR) and sequencing. Only isolates carrying PMQR genes were subjected to further
testing. Presumptive isolates were identified to species level using Matrix-Assisted Laser
Desorption/Ionization- Time of Flight mass spectrometry in combination with sequencing of rpoB
gene. Susceptibility to a set of four antimicrobials and corresponding resistance genes was
determined using agar dilution method and PCR, respectively. Clonality of the isolates was
analyzed using pulse-field gel electrophoresis and transferability of PMQR genes was tested using
conjugation and transformation experiments. Selected isolates were subjected to whole-genome
and plasmid sequencing using Illumina platform to analyze their genetic content, similarities
within the genomes, and investigate plasmids carrying PMQR gene, respectively.
Overall, 257 (64%, n=400) Aeromonas spp. isolates showed reduced susceptibility to
fluoroquinolones and PMQR gene qnrS2 was found in 36 (9%) isolates. Eleven (5%) isolates
originated from common carps and were identified as Aeromonas veronii while 25 (56%) isolates
obtained from trout fish belonged to Aeromonas salmonicida. Most isolates were resistant to
oxolinic acid (100%), flumequine (86%) and oxytetracycline (67%) and had at least 2 virulence
genes. A. veronii isolates showed lower virulence, had higher diversity of their genetic profiles
and belonged to novel sequence types. In A. veronii, resistance to tetracycline was associated with
tet(E) gene. Most A. salmonicida isolates belonged to ST2, carried class 1 integron with dfrA14
gene cassette, tet(A) gene for tetracycline resistance and contained 5 virulence genes. The gene
qnrS2 was carried by small mobilizable plasmids (4-20 kb in size) or larger IncU plasmids (>30
kb) as a mobile insertion cassette.
This study demonstrates high prevalence of qnrS2 gene for fluoroquinolone resistance in
aeromonads in Czech fisheries. Common carp and trout fish may represent a potential source of
multiresistant bacteria and antibiotic resistant plasmids for aquatic environment and humans.
Funded by IGA 227/2017/FVHE, PROFISH CZ.02.1.01/0.0/0.0/16_019/00008 and QK 1710114.
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Plasmids of Salmonella Typhimurium at the population level in UK animals
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Salmonella enterica subspecies enterica serovar Typhimurium is a zoonotic pathogen and
resistance to antimicrobials is common in isolates from food-production animals and humans in
the UK. Elucidating the contribution of plasmids to the dissemination and persistence of
antimicrobial resistance (AMR) will provide insight into how AMR is spreading through
populations, with implications for control strategies. However, the dynamics of plasmids amongst
Salmonella Typhimurium are not well characterized at the population level in UK animals. In
England and Wales, isolations of Salmonella from animals are reportable to the Animal and Plant
Health Agency (APHA). Whole genome sequencing of 496 S. Typhimurium isolates was
conducted, representing samples obtained by the APHA over a 25-year time period (1992-2016).
A modified Kado-Liu method[1] was used to determine the size and number of plasmids in a subset
of 436 of these isolates. Plasmid replicon sequences were identified in silico using ARIBA with
the PlasmidFinder database[2]. Discrepancies between the number of plasmids estimated using
Kado-Liu and in silico methods were investigated and additional plasmids, for which no sequence
was deposited in the PlasmidFinder database, were identified. IncF plasmids typically harbor
virulence genes and are commonly observed in S. Typhimurium lineages, though notably are
absent from some epidemic lineages[3]. In these data IncF replicons were observed in ~80% of
isolates and IncQ1 plasmid replicons were observed in ~15% of isolates. These data indicate longterm host-plasmid associations in S. Typhimurium.
References
[1] Kado and Liu. 1981. Rapid procedure for detection and isolation of large and small plasmids. J. Bacteriology.
[2] Hunt et al., 2017. ARIBA: rapid antimicrobial resistance genotyping directly from sequencing reads.
Microbial Genomics.
[3] Petrovska et al., 2016. Microevolution of monophasic Salmonella Typhimurium during epidemic, United
Kingdom, 2005-2010. Emerging Infectious Diseases.
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Comparison of two established methods for cell count determination
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Background and objectives: Bacterial cell counts are important for many bacteriological tests
including inoculum preparation for antimicrobial susceptibility testing (AST) and biocide
susceptibility testing. The Clinical and Laboratory Standard Institute (CLSI) provides a cell count
method for AST in which 100 µL volumes are plated for enumeration of bacteria [1], whereas the
German Veterinary Medical Association (DVG) provides a method for biocide efficacy testing in
which total volumes of 1000 µL of two different dilutions are plated for enumeration of bacteria
[2]. The aim of the present study was to compare these two methods.
Materials and methods: The reference strains Staphylococcus aureus ATCC® 6538,
Enterococcus hirae ATCC® 10541, and Pseudomonas aeruginosa ATCC® 15442 were tested 14
times for two different cell densities (in the wells), as recommended by CLSI (2.5-5 x 105 cfu/mL
= “narrow” range) [1] and DVG (1 x 105 – 1 x 106 cfu/mL = “broad” range) [2]. For the CLSI
method, 10 µL of the inoculum suspension, achieved via one and two dilution steps for the
“narrow” and the “broad” range, respectively, were diluted in 10 mL tryptone-saline-diluent
(TSD). A total of 100 μL of these dilutions was plated in duplicate on tryptic soy agar. For the
DVG method, 1:10 dilution series in TSD were prepared and 1 mL (2 x 500 µL) from the dilutions
10-5 and 10-6 for the “narrow” range and 10-6 and 10-7 for the “broad” range, was plated. Colonies
were counted after 24 h incubation at 37 °C. The results were evaluated using the Bland-Altman
method for assessing agreement [3].
Results: The overall cell counts of the CLSI method (100 µL) were 1.3-9.8 x 105 cfu/mL for the
“narrow” range and 1.3-8.9 x 105 cfu/mL for the “broad” range. For the DVG method (1000 µL)
1.4-6.1 x 105 cfu/mL for the “narrow” range and 1.5-9.1 x 105 cfu/mL for the “broad” range were
detected. The Bland-Altman limits of agreement showed a deviation of [-0.5, 0.3] (log10) for the
“broad” range compared to [-0.3, 0.3] (log10) for the “narrow” range. No matter which method
(CLSI or DVG) was used, these results indicated that the number of dilution steps might have an
impact on the cell counts. The tests using less dilution steps showed less variations.
Conclusion: Since the variations observed were within acceptable ranges, both methods can be
used. Our recommendation is to follow the CLSI method, since it is less complex and less timeconsuming.
References:
[1] Clinical and Laboratory Standards Institute (CLSI) (2018): CLSI document VET01-S. 5th Ed.
[2] Deutsche Veterinärmedizinische Gesellschaft e.V. (DVG) (2007). Vol 4. ISBN 978-3-939902-44-7
[3] J.M. Bland, D.G. Altman (1986). Lancet. 1(8476):307-10.
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Antimicrobial susceptibility of streptococci most frequently isolated from
Czech dairy cows with mastitis
Monika ZOUHAROVA1, Katerina NEDBALCOVA1
1

Veterinary Research Institute, Brno, Czech Republic

A total of 3,719 quarter milk samples were collected and cultivated between January 2017 and
June 2018 from cows with clinical or subclinical mastitis from 112 farms. One isolate of each
species collected from the same farm per a six-month period was included in the susceptibility
testing. The susceptibilities of Streptococcus uberis (163 isolates) and Streptococcus dysgalactiae
(25 isolates) to 10 antimicrobials from 9 antimicrobial groups were determined by measuring their
minimum inhibitory concentrations. The percentages of resistant S. uberis isolates to the
antimicrobials were as follows: tetracycline (63.2%), streptomycin (52.1%), clindamycin (30.1%)
and rifampicin (2.5%). Intermediate susceptibility was found to rifampicin (63.2%), penicillin
(35%), enrofloxacin (2.5%), ceftiofur (1.8%) and amoxicillin/clavulanic acid (1.2%). All the S.
uberis isolates were susceptible to gentamicin and trimethoprim/sulfamethoxazole (100%).
However, only 6.7% S. uberis isolates were susceptible to all the antimicrobials and 38.7%
isolates were multidrug resistant (≥3 groups of antimicrobials). All the S. dysgalactiae isolates
were susceptible to penicillin, amoxicillin/clavulanic acid, ceftiofur, gentamicin,
trimethoprim/sulfamethoxazole and enrofloxacin (100%). The resistant S. dysgalactiae isolates
found were to tetracycline (60%), streptomycin (28%), clinadamycin (12%), and intermediate to
tetracycline (24%) and rifampicin (20%). Multidrug resistant isolates represented 16%. Only 8%
of isolates were sensitive to all the antimicrobials. A relatively high occurrence of (multiple)
resistance in mastitis pathogens highlights the importance of its monitoring in dairy herds.
References
[1] B. Bengtsson, H. Ericsson Unnerstad, T. Ekman, K. Artursson, M. Nilsson-Ost, K. Persson Waller (2009). Vet
Microbiol 136: 142–149.
[2] C. Crestani, M. Mancin, S. Bonamico, C. Segalin, A. Busa, G. Rosa, B. Dall’ava, E. Nannoni, F. Ostanello, A.
Barberio (2016). Large Anim Rev 22: 99–106.
Acknowledgment
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Current incidence of Streptococcus suis resistance to antimicrobials in pig
herds in the Czech Republic
Katerina NEDBALCOVA1 and Monika ZOUHAROVA1
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Streptococcus suis is one of the zoonotic pathogens but is primarily the cause of serious swine
infectious diseases. The most important for the success of therapy of diseased pigs is the early
initiation of parenteral treatment with suitable antimicrobial agents. The antimicrobial resistance to
twelve antimicrobials was determined by microdilution method in a total of 110 S. suis isolates
from the diseased animals in pig herds in the Czech Republic. All isolates were collected in 2018.
The isolates were identified by MALDI TOF. Interpretation of the results of antimicrobial
susceptibility testing was performed by clinical breakpoints published in documents of CLSI or in
scientific publications and MIC50 and MIC90 calculation [1,2,3].
The results are listed in Table 1. No tested isolate was resistant to trimethoprim with
sulfamethoxazole and to florfenicol and very low percentage of resistant isolates was found to
ceftiofur, enrofloxacin and amoxicillin with clavulaic acid. To the contrary, more than 50 %
resistant isolates were detected to tetracycline, clindamycin, tilmicosin and tulathromycin.
Table 1: The results of antimicrobial susceptibility testing of S. suis isolates (n = 110)
S
(%)

I
(%)

R
(%)
15.4

MIC50
(mg/l)
0.06

MIC90
(mg/l)
1

Penicillin

77.3

7.3

Ampicillin

93.6

0.9

5.5

0.06

0.25

Amoxicillin/clavulanic acid

96.4

1.8

1.8

≤0.25

≤0.25

Ceftiofur

95.5

3.6

0.9

0.25

2
0.5

Enrofloxacin

99.1

0

0.9

0.25

Florfenicol

96.4

3.6

0

2

2

Clindamycin

32.7

0.9

66.4

>16

>16

Tiamulin

39.1

19.1

41.8

8

>32
>128

Tilmicosin

30.9

0

69.1

32

Tulathromycin

38.2

5.5

56.3

>128

>128

Tetracycline

22.7

9.1

68.2

8

32

Trimethoprim/ sulphamethoxazole

99.1

0.9

0

≤0.06

0.25

References
[1] CLSI document VET08 (2018). Wayen, PA:170 pp.
[2] R.N. Jonas, M.A. Pfaller, P.R. Rhomberg, D.H. Walter (2002). J Clin Microbiol 40:461-465.
[3] S. Schwarz, P. Silley, S. Simjee, N. Woodford, E. van Duijkeren, et al (2010). Vet Microbiol 141:1-4.
Acknowledgment: This work was supported by the Ministry of Agriculture of the Czech Republic (grant number
QK1810193 and MZE-RO0518)
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Recovery of Enterobacteriaceae Resistant to Extended-Spectrum
Cephalosporins from Raw and Anaerobically Digested Dairy Manure
Rebecca E.V. Anderson1, Gabhan Chalmers1, Roger Murray2, Ed Topp2, Patrick Boerlin1
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Manure has been recognized as a potential source of bacteria resistant to antimicrobials in the
environment. A better understanding of the dynamics of these bacteria, during the treatment of
manure, is needed. This study is part of a larger project assessing the effect of a variety of manure
treatments on antimicrobial resistance. The goal of this study is to investigate the presence of
extended-spectrum cephalosporin (ESC) resistance determinants in Enterobacteriaceae from
manure samples taken from raw and mesophilic anaerobically digested manure. Dairy cow
manure samples were collected from six different farms across Southern Ontario. ESC-containing
enrichment cultures and selective media were used to isolate Enterobacteriaceae resistant to
ESCs. Isolates were further identified by MALDI-TOF and screened by PCR for the presence of
blaCTX-M, blaCMY and blaSHV. Resistant Enterobacteriaceae have been isolated across all six farms
at varying stages of the manure treatment process. To date, 26 raw and 26 anaerobically digestated
samples have been analyzed for the presence of resistance genes (Table 1). There were no
significant changes in the prevalence of resistant Enterobacteriaceae harbouring blaCTX-M, blaSHV
and blaCMY from the raw manure stage to the first digestion process. However, the total number
of isolates recovered from the enrichments at the digestate stage decreased by approximately 30%.
The blaCMY and blaCTX-M genes appear to be more widespread than blaSHV with the former found
in all six of the farms tested and the latter found in only three. In conclusion, the results show
resistant bacteria remain present in the manure samples after treatment, and additional treatment
beyond anaerobic digestion would be necessary to reduce the number of resistant bacteria entering
the environment.
Table 1: Prevalence of resistance genes in raw compared to anaerobically digestated manure at the sample, isolate
and farm level in six farms in Southern Ontario
Raw

Digestate

Gene

Positive
samples

Positive
isolates

Positive
farms

blaCTX-M

65.4% (17/26)

23.9% (57/238)

83.3% (5/6)

blaCMY

69.2% (18/26)

19.7% (47/238)

blaSHV

19.2% (5/26)

3.8% (9/238)

Positive
isolates

Positive
farms

21.2% (35/165)

100.0% (6/6)

100.0%
(6/6)

Positive
samples
50.0%
(13/26)
57.7%
(15/26)

26.7% (44/165)

100.0% (6/6)

50.0% (3/6)

19.2% (5/26)

3.0% (5/165)

50.0% (3/6)

Numbers in parenthesis represent number of positives / total number tested
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Genomic characteristics of the German ESBL-producing Escherichia coli set
of the JPIAMR project TransComp-ESC-R
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Background and objectives: For the international JPIAMR project ‘Genomic approach to
transmission and compartmentalization of extended-spectrum cephalosporin resistance in
Enterobacteriaceae from animals and humans’, short TransComp-ESC-R, Extended-Spectrum
Beta-Lactamase (ESBL)-producing Escherichia coli isolates, originating from the German
national resistance monitoring program GERM-Vet [1], were investigated for their genomic
resistance characteristics.
Materials and methods: A total of 180 ESBL-producing E. coli isolates were selected regarding
the year of isolation (2008-2016) and host animal species to represent a comparable distribution
towards the isolate distribution of the collaborating countries in the TransComp-ESC-R study.
The selection included 128 isolates from bovine, 40 from porcine, and 12 from avian sources.The
2x 300 bp paired-end sequencing was performed on the Illumina MiSeq (Illumina Inc., San Diego,
USA) platform. Sequence types (STs) and resistance genes were identified with ARIBA using the
ResFinder database [2, 3].
Results: All 180 isolates harbored at least one beta lactamase-gene (median = 2), with the ESBL
gene blaCTX-M-1 being most common (n=120, 66.7%), followed by the broad-spectrum betalactamase gene blaTEM-1 (n=78, 43.3%). A combination of both genes was detected in 51 isolates.
Further ESBL genes identified were: blaCTX-M-14, blaCTX-M-15, blaTEM-187, blaSHV-12 (2.8%), and in
only three or less isolates: blaCTX-M-2, blaCTX-M-3, blaCTX-M-61, blaCTX-M-90, blaTEM-52, and blaTEM-124.
The beta-lactamase genes blaOXA-1, blaOXA-320, blaTEM-57, blaTEM-206 and some inhibitor-resistant
TEM (IRT) beta-lactamases: blaTEM-30, blaTEM-83, and blaTEM-84 were also detected. All isolates
harbored additional resistance genes to non-beta-lactam antibiotics and 174/180 (97.2%) were
multidrug-resistant [with additional resistances to aminoglycoside(s), trimethoprim, colistin,
chloramphenicol, fosfomycin, sulfonamide(s), streptomycin, and/or tetracycline(s)]. At least one
sulfonamide resistance gene was present in 156/180 (86.6%) isolates, while the other resistance
genes were detected less frequently. The isolates were assigned to 61 different STs (including
three novel STs) with ST10 as the most prominent one (24/180, 13.3%). The typical ESBLcarrying sequence types ST131 (n=1), ST167 (n=12), ST224 (n=2), ST410 (n=5) and ST617
(n=2) were represented among the isolates.
Conclusions: Almost all ESBL-producing E. coli isolates showed multidrug-resistance. This may
enable the co-selection of ESBL genes when located on the same mobile genetic element as the
other resistance genes, and may influence the transmission capacity or conversely the
compartmentalization of such isolates.
References
[1] GB Michael, H Kaspar, AK Siqueira, et al. (2017), vetmic.2016.08.023.
[2] M. Hunt, AE Mather, L. Sánches-Busó, et al. (2017), mgen.0.000131.
[3] E Zankari, H Hasman, S Cosentino, et al. (2012), 10.1093/jac/dks261.
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Comparison of antimicrobial resistance genes in LA-MRSA CC398 from
food-producing animals in Germany
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Aims: In this study, we compared the antimicrobial resistance genes present in livestockassociated methicillin-resistant Staphylococcus aureus (LA-MRSA) of the clonal complex CC398
obtained from pigs, cattle, or poultry in Germany.
Methods: A total of 95 epidemiologically unrelated LA-MRSA ST398 collected from pigs (n =
54), cattle (n = 25), turkeys (n = 11) and chickens (n = 5) were analyzed for their antimicrobial
resistance genes. The resistance genes were detected by a S. aureus-specific DNA microarray,
PCR and/or sequence analysis. Their functionality was confirmed by MIC testing.
Results: LA-MRSA from all origins carried the β-lactam resistance gene mecA and 94/95 isolates
also harbored the blaZ/I/R operon. Among the tetracycline resistance genes, tet(M) was
predominantly found, followed by tet(K) and tet(L). The macrolide-lincosamide-streptogramin B
resistance gene erm(C) was most frequently detected, followed by erm(B), erm(T) and erm(A).
The predominant aminoglycoside resistance gene was aacA-aphD, followed by aadD and aphA3.
The most frequently seen aminocyclitol resistance gene was spc. Among the trimethoprim
resistance genes, dfrK was most commonly observed although some isolates from pigs harbored
dfrG. The phenicol resistance gene fexA, the apramycin resistance gene apmA, the lincosamide
resistance gene lnu(A) and the pleuromutilin-lincosamide-streptogramin A resistance genes
vga(A), vga(C), and vga(E) were only rarely detected. None of the isolates carried the
multiresistance gene cfr. Only minor host species-specific variations in the resistance gene content
were observed.
Conclusions: A wide variety of antimicrobial resistance genes was detected among LA-MRSA
from food-producing animals in Germany. The same genes were detected in isolates from
different hosts. Occasionally more than one resistance gene conferring the same resistance
phenotype was detected, e.g. tet(M) + tet(K) + tet(L). Genes conferring resistance to last resort
antimicrobial agents in human medicine, such as the oxazolidinones, were not detected among
the strains tested.
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Capsular serotypes, virulence-associated genes and antimicrobial
susceptibility of Streptococcus suis isolates from healthy pigs in China
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Streptococcus suis is an important swine bacterial pathogen with a potential infection to human.
So far, the data of prevalence rates, serotype distribution, antimicrobial resistance and virulenceassociated factors for S. suis is limited in healthy pigs. In this study, we obtained 223 isolates of
S. suis from healthy pigs in 2016-2018, and these isolates were from 1813 samples collected from
6 provinces in China. The serotypes of S. suis strains were characterized by multiplex PCR.
Serotype 29 (9.4%, 21/223) was the most prevalent, followed by serotype 2 (5.8%, 13/223) and
serotype 7 (4.0%, 9/223). These isolates showed high resistance levels to clindamycin,
tetracycline, erythromycin, gentamicin and sulfisoxazole. Moreover, increased resistance to
penicillin, florfenicol and enrofloxacin were observed. The most prevalent virulence genes was
sly (16.6%), while 80.3% of the isolates were negative for three virulence genes (mrp, sly, and
ef). Interestingly, statistical analysis indicated that florfenicol resistance is associated some of the
virulence genes. Our findings suggest S. suis isolates from healthy pigs could be pathogenic
bacteria and increased and high resistance level to multiple antimicrobial agents may cause failure
in clinical treatment.
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The global rise of antimicrobial-resistant (AMR) bacteria is attributed primarily to the use and
potential misuse of antimicrobial agents (AMA) in human medicine and animal agriculture (AA)
sectors. Some studies conclude that the industry’s “irresponsible and misguided” [1] antimicrobial
use (AMU) practices propagate AMR. This is contrary to industry assertions that producers use
AMA responsibly to do what is right for animals, humans, and the planet [2]. Polarized
perspectives between public health and AA regarding AMR regulation can weaken efforts to
develop legislation and implement effective, evidence-based regulation. Hence, we aimed to
characterize AMR perceptions among AA stakeholders, to identify barriers to regulatory and
other efforts to combat AMR.
This work is a preliminary analysis of interviews with 22 participants (~73% of the study
goal), who represent multiple stakeholder groups (producers, industry representatives, practicing
veterinarians, extension agents, and academics) and multiple animal species (cattle, finfish, goats,
poultry, sheep, swine, and shellfish). Interviewees included nine animal producers and 13 nonproducer AA stakeholders. We conducted semi-structured interviews around stakeholder
knowledge, beliefs, and perceptions of AMR and of policy interventions, with emphasis on those
designed to combat AMR. Participants were directly asked, “How would you define AMR?” and
“what are the societal implications of AMR?”
All participants readily and succinctly defined AMR—either when “animals don’t respond to
[the AMA] anymore” or when an “antibiotic no longer is effective on a certain microbe.” These
definitions were classified as either clinical (focused on the outcome in humans or animals) or
microbiological (focused on the effect of AMA on bacteria) [3]. AA stakeholders used clinical or
microbiological definitions in similar proportions. A minority (2/8 producers and 3/8 nonproducer stakeholders) asserted that “you've got to use quite a bit of [antibiotics] in order to deal
with an infection” (“dose-response” definition) as opposed to an “all-or-none” response, i.e.
binary definition of AMR as “an animal or a human that doesn't respond to antibiotics.”
Each producer expressed a sense of societal importance of AMA, the necessity to use AMA
judiciously, and concern for the threats that AMR pose for humans, animals, and livelihoods. One
industry-member lamented, “We have only so many tools in our toolkit…. If all those tools go
away then [animals and humans are] really in a bad position.” Although we believe this study
demonstrates ideologies that comprise a large share of the overall animal-production industry, it
may be limited by selection bias (e.g., participants who identify AMR as important may have been
more interested to participate). This initial analysis demonstrates stakeholders’ general agreement
regarding the definition of AMR and its consequences for society. Future work will evaluate
perceptions of “judicious use” among stakeholders, describe beliefs about public health
interventions that target AMU within the AA sector, and identify whether differences in perceptions
of AMU stifle efforts to combat AMR.
References [1] M. J. Martin, S. E. Thottathil, and T. B. Newman, “Antibiotics Overuse in Animal Agriculture:
A Call to Action for Health Care Providers.,” Am. J. Public Health, vol. 105, no. 12, pp. 2409–10, Dec. 2015.
[2] C. Cunningham, “Antibiotic Stewardship: A Conscious Choice for U.S. Pig Farmers - Pork Checkoff,” Pork
Checkoff, 2018.
[3] A. P. MacGowan, “Clinical implications of antimicrobial resistance for therapy,” J. Antimicrob. Chemother.,
vol. 62, no. Supplement 2, pp. ii105-ii114, Nov. 2008.
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A two-year comparison of β-lactam resistance phenotypes at the disk
diffusion assay of Escherichia coli from young calves in Wallonia, Belgium
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The most frequent β-lactam resistance mechanism is the production of β-lactamase enzymes
(BLA) that inactivate the antibiotics. Their actual classification is highly complex, but 4 classes
can be summarised: classical BLA (C), extended-spectrum BLA (ESBL), cephalosporinases
(AmpC) and carbapenemases (CPE). A fifth class was defined according to the results of the disk
diffusion assay (DDA) performed with 8 β-lactams: C associated with a cefoxitin resistance
(C_FOX) (Table I). Since 2012, a decrease of β-lactam resistance of Escherichia (E.) coli from
calves has been observed at ARSIA [1]. This maybe a consequence of the recommendation,
followed in 2016 by a regulation, of the use of human critical antibiotics in livestock, like 3 rd/4th
generation cephalosporins. Nevertheless, the evolution of each β-lactamase family is unknown.
The aim of this study was therefore to compare the resistance phenotypes observed at the DDA
of pathogenic E. coli isolated from young diarrheic or septicemic calves over two calving seasons
between November and February 2017-2018 and 2018-2019.
After initial growth on Gassner agar plates, 3 colonies from faeces or intestinal contents were
tested by agglutination to identify the production of F5 or F17a fimbrial and of CS31A capsularlike antigens. One positive isolate per calf was tested by the DDA. When pure culture was
obtained from the internal organs, one E. coli colony was also tested.
The comparison between these two years showed a stable rate of β-lactam resistant calf E. coli
(Table II). Similarly the different resistance profiles within the β-lactam resistant E. coli do not
much differ. The majority of resistance were a C profile, followed by ESBL and C_FOX profiles.
Conversely, very few AmpC profile were detected and no CPE resistance profile was identified.
These results will be compared with those of previous years and of the 2019-2020 calving season.
Table I – Resistance phenotypes observed at the disk
diffusion assay for the 8 tested β-lactams

Table II – Resistance profiles of isolates collected
during two calving seasons

AMX: amoxicillin; AMC: amoxicillin + clavulanic acid; XNL: ceftiofur;
CFQ: cefquinome; CTX: cefotaxime; CTC: cefotaxime + clavulanic acid;
FOX: cefoxitin; MER: meropenem

Reference:
[1] Regional Animal Health and Identification Association (2017). Sensitivity tests, activity report and results.
http://www.arsia-asbl.be/wp-content/uploads/documents-telechargeables/Rapport-AB-2017.pdf
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More than fifty percent cut of antibiotic sales in Germany in veterinary
medicine between 2011 and 2017
Jürgen WALLMANN, Christoph BODE and Thomas HEBERER
Federal Office of Consumer Protection and Food Safety (BVL), Berlin, Germany

Background and objectives: Resistance against antimicrobial agents is an increasing problem in
human as well as in veterinary medicine. The overuse or misuse of antibiotics represents a serious
risk to public health. The WHO clearly emphasized the growing global health threat of
antimicrobial resistance (AMR) in their global action plan on antimicrobial resistance. (1) In this
context, it is important to gain a quantitative overview of the use of antibiotics in human as well
as in veterinary medicine, before implementing risk management measures against the
development and spread of AMR.
Materials and methods: In Germany, a legal basis for obtaining national sales data from marketing
authorisation holders and whole salers who sold veterinary antimicrobial products (VAPs) to
veterinarian end users was established in February 2010 (DIMDI-AMV). (2)
Results: To date, results of sales data from seven years (2011–2017) are available. Between these
years, the total sales of antimicrobial active substances decreased by 57% which was not caused
by a decline in animal population. In 2011, 1,706 t of antimicrobial active substances had been
sold to veterinarians registered in Germany. Until 2017, the amount decreased to 733 t. The largest
decrease of 433 t was observed between 2014 (1,238 t) and 2015 (805 t). In 2011,
fluoroquinolones and 3rd/4th generation cephalosporins together accounted for less than 0.7% of
the total amounts sold whereas their percentage share in 2017 was approximately 1.8%. Compared
to 2011, sales of macrolides, sulphonamides and tetracyclines decreased by more than 66% and
for penicillins by more than 49%, whereas sales of 3rd generation cephalosporins and
fluoroquinolones increased over these seven years by 14% and 20%, respectively.
Conclusion: Without any quantitative targets for the reduction of antibiotic use, the sold quantities
in Germany could be reduced by more than 55%. However, only setting quantitative targets for
the reduction of the use of antibiotics without considering preventive measures (e.g. vaccination,
setting of obligatory hygiene standards, structural measures, selection for more robust breeds) will
in the end neither be sufficient nor be successful. With regard to AMR it is also important to limit
the use of 3rd generation cephalosporins and of fluoroquinolones. Since most of the VAPs are
licensed for use in several animal species the data summarizes the amounts of antimicrobial agents
sold to the veterinarian, but cannot distinguish between amounts used for different animal species.
References
[1] World Health Organization (WHO) (2015). ISBN: 9789241509763, https://www.who.int/antimicrobialresistance/publications/global-action-plan/en/
[2] Verordnung über das datenbankgestützte Informationssystem über Arzneimittel des Deutschen Instituts für
Medizinische Dokumentation und Information (DIMDI-Arzneimittelverordnung – DIMDI-AMV) vom 19.
November 2010, eBAnz AT122, 2010 B1, 22.11.2010.
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Wildlife, Agricultural soils, Water environments and antimicrobial resistance
- what is known, needed and feasible for global Environmental Surveillance WAWES
Stefan Börjesson1,2, on behalf of the Wawes network
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The World Health Organisation (WHO), Food and Agriculture Organisation (FAO), and World
organisation for Animal health (OIE), agree that surveillance of antibiotic/antimicrobial resistant
bacteria (AMR) should be performed using a One Health multi-sectoral approach. Despite this,
there is an overall lack of surveillance focusing on the environment and wildlife. Furthermore,
there is unquestionably a lack of standardisation and synergy between projects and research efforts
focusing on AMR in the environment and wildlife. The JPIAMR Strategic research agenda
published in 2013 also highlighted the deficiency of data, comparable information and crosssectoral studies on AMR in the environment. To amend this, we have initiated the WAWES
network – “Wildlife, Agricultural soils, Water environments and antimicrobial resistance - what
is known, needed and feasible for global Environmental Surveillance”, which consists of 27
partners from 16 countries from all over the globe representing low to high income settings. The
WAWES participants have a shared objective of finding a way to perform global comparative
surveillance of AMR in the environment and wildlife, which is furthermore applicable in the
majority of countries irrespective of economic resources.
Due to the complexity of the environment and the size of the network WAWES has been divided
into four different work-packages each with a designated workgroup leader.
1) Wildlife, led by Jean-Yves Madec, National Agency for Food, Environmental and Occupational Health & Safety,
France
2) Agricultural soils, led by Fiona Walsh, Maynooth University, Ireland
3) Water environments, including wastewater, led by Thomas U Berendonk, Technische Universität Dresden,
Germany
4) Technologies & Methodology, led by Muna Anjum, Animal and Plant Health Agency, United Kingdom.
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Decrease of fluoroquinolone use in French poultry and pig production and
resistance evolution in E. coli and Campylobacter
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This paper presents the recent evolution of the exposition of French poultry and pigs to
fluoroquinolones, and their impact on resistance.
The Ecoantibio plan is a public policy set up by the French Ministry of Agriculture and Food,
aiming to reduce the contribution of antimicrobial use (AMU) in animals to antimicrobial
resistance. In addition to the global objective of the plan (reduce animal exposure to antimicrobials
by 25% in five years), a law published in 2014 set a reduction target of 25% over three years in
the exposure of animals to critically important antibiotics for human health (CIA), i.e. 3rd and 4th
generation cephalosporins and fluoroquinolones. The first action plan combined incentive tools
such as awareness-raising campaigns towards professionals, and mandatory tools. A Decree bans
preventive CIA use and CIA can only be used to cure animals after diagnosis, bacterial
identification and antibiotic susceptibility testing. From 2012 to 2016, overall exposure has
decreased by 36.6%. An overall 87.8% decrease in exposure to fluoroquinolones was observed in
2017 compared to 2013 (pigs: - 93.9%, poultry: - 50.3%).
The data obtained from the monitoring of Campylobacter in poultry (broilers and fattening
turkeys), and commensal and pathogenic E. coli in pigs, broilers and turkeys enabled to analyze
how the sharp decrease in pigs and poultry exposure to fluoroquinolones affected bacteria
sensitivity.
For Campylobacter jejuni isolated from broilers at slaughterhouses, the percentages of resistance
to ciprofloxacin, assessed using epidemiological cut-off value, increased from 51% in 2010 to
63% in 2018, whereas for turkeys the percentages varied from 56% in 2014 to 63% in 2018.
For commensal E. coli isolated from caecal content of animals at slaughterhouses, the resistance
to fluoroquinolones (ciprofloxacin) assessed using epidemiological cut-off value, increased in
poultry isolates from 30.7% in 2010 to 44.5% in 2014, and decreased to 38.1% in 2018. In turkeys,
since the start of antibiotic resistance monitoring, the percentage of resistant E. coli isolates
decreased from 21.3% in 2014 to 15.2% in 2018. Conversely, the level of E. coli resistant to
ciprofloxacin increased significantly in pigs from 1.9% in 2009 to 5.5% in 2017.
For E. coli isolated from diseased animals (Resapath network), using breakpoints recommended
by the veterinary antibiogram committee of the CA-SFM, the percentages of resistance to
fluoroquinolones (enrofloxacin or marbofloxacin) decreased between 2010 and 2017 from 15.9%
to 4.3% for pigs, from 12.5% to 5.7% for broilers/hens and from 14.0% to 2.9% for turkeys.
These data show that the important and quick decrease of the exposition of pigs and poultry to
fluoroquinolones has not lead to a rapid reduction of resistance in the diverse bacterial collections.
Co-selection by other antimicrobials or fitness of resistant strains may also explain why evolution
of AMR does not always closely mirror evolution of AMU.
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Genomic analysis of avian-pathogenic Escherichia coli (APEC) isolated from
diseased chicken in the Czech Republic
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Avian pathogenic Escherichia coli (APEC) is an extremely diverse and vaguely
characterized pathotype, although avian colibacillosis represents a considerable economic burden
for poultry industry, notwithstanding its possible importance as a zoonotic pathogen. To evaluate
the diversity of APEC associated with increased mortality in several Czech farms, samples from
diseased chicken showing typical symptoms of colibacillosis (omphalitis and yolk sac infection,
airsacculitis and polyserositis, yolk peritonitis). A total of 95 isolates that were subdued to
preliminary characterization including antimicrobial susceptibility testing, slide agglutination
with O1, O8, O18 and O78 antisera and detection of several resistance and virulence-associated
genes. To encompass the greatest possible variability, we selected 32 isolates differing in locality
and date of isolation and/or showing different resistance profile and resistance/virulence gene
content to be further analysed by whole-genome sequencing, using Illumina NextSeq and MiSeq
platforms.
The results of the preliminary characterization proved reduced susceptibility to multiple
antimicrobials in most isolates, especially to beta-lactams (ampicillin – 83%), nalidixic acid
(65%), tetracyclines (40%) and sulphonamides (30%). Nineteen isolates (20%) showed reduced
susceptibility to ciprofloxacin. As for virulence genes, most isolates carried typical APEC
plasmid-associated genes iss (79%), iroN (77%), iutA (72%), while others, cvaC (52%), frzorf4
(46%), tsh (34%) and felA (7%) were less prevalent.
The genomic analysis confirmed great diversity of selected isolates. Overall, there was
almost 100% prevalence of several virulence-associated factors, such as F1 fimbriae, curli or
enterobactin, and most isolates carried abundance of iron-transporting systems (Salmochelin,
Aerobactin, Sit). Other putative virulence genes showed different distribution amongst
phylogenetic groups or were identified only in single isolates. Frequently detected resistance
genes included blaTEM-1, -106, -135, blaCMY-2, -59, tet(A), (B), (C), (D), sul1,-2, dfrA15, aph(3‘‘)-1b,
aph(6‘)-1d and aadA. The great majority of isolates carried FIB and Col plasmids and above that,
several other plasmids previously associated with virulence or resistance in either APEC or human
ExPEC were detected. The SNPs analysis revealed two clusters of closely related isolates ST 429
(phylogenetic group B2) and ST23 (group C), respectively. Besides, we detected STs (ST117,
ST10, ST354 and ST95), that are associated with outbreaks of colibacillosis in chicken, but are
also frequently isolated from poultry products and humans, representing putative zoonotic
pathogens.
Funded by 107/2017/FVL and QK1810462.
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A longitudinal study on the occurrence of Extended-spectrum betalactamases and CIT-type AmpC beta-lactamases- producing
Enterobacteriaceae in conventional and organic pig farms in
Northeast Germany
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1

Friedrich-Loeffler-Institut, Federal Research Institute for Animal Health, Institute of Epidemiology, Südufer 10,
17493 Greifswald-Insel Riems, Germany
2
Institute of Pharmaceutical Biology, University of Greifswald, Friedrich-Ludwig-Jahn-Str. 17, 17489 Greifswald,
Germany

Antibiotic resistance poses a global risk for public health. Bacteria resistant to antibiotics may be
transmitted between humans and animals. Antibiotic resistance is disseminated in the
environment as well. Extended-spectrum ß-lactamase (ESBL)/AmpC-producing Escherichia coli
strains are widely distributed among pigs and can be found in the surroundings of pig farms.
However, there was little information available on the occurrence of ESBL/AmpC-producing
Enterobacteriaceae in organic pig farms in Germany.
Three conventional and four organic pig farms were examined for the presence of ESBL/AmpCproducing Enterobacteriaceae in a longitudinal study in Mecklenburg-Western Pomerania,
Germany. Each farm was visited 5 times roughly every two months in 2018. Detailed information
about the farms was received in moderated interviews using a standard questionnaire. Depending
on the farm, pooled faecal samples of 6 age groups were collected. Swabs of the pooled faecal
samples were taken, cultured on BD CHROMagar orientation supplemented with cefotaxime and
tested for phenotypically ESBL-suspicious E. coli colonies. Presence of genes encoding betalactamases of CTX-M, SHV, TEM and CIT-type AmpCs was determined in these colonies using
a real-time PCR.
In total, 1151 faecal swabs were cultured, of which 282 E. coli were phenotypically cefotaximeresistant, i.e. ESBL-suspicious. All farms were classified as ESBL-suspicious, but the number of
ESBL-suspicious samples per farm varied between 1% (organic farm) and 43% (conventional
farm). ESBL-suspicious samples per barn or barn compartment varied between 8% (organic farm)
and 78% (also an organic farm), with the other farms both conventional and organic showed
similar results that ranged between 54 to 67%, except for one farm, where 27% were found
(organic farm). Determination of the underlying resistance genes by real-time PCR of the most
promising phenotypically cefotaxime-resistant 187 E. coli isolates revealed that almost all isolates
were CTX-M-positive (90%). Some of them were also TEM-positive (46%) and one isolate was
CMY-positive (0.5%), while 18 isolates were negative for beta-lactamases of CTX-M, SHV, TEM
and CIT-type AmpCs. A first screening to detect antibiotic resistance to cefotaxime, ampicillin,
gentamicin, ciprofloxacin, tetracycline and streptomycin showed that most isolates (98%) were at
least resistant to cefotaxime and ampicillin. Resistant to all investigated antibiotics were 17 E.
coli isolates (10%).
This study showed that the prevalence of resistant E. coli was lower in organic farms than in
conventional farms, although it reached up to 78%.
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Antimicrobial susceptibility of mastitis pathogens isolated from diseased
dairy cows across Europe: VetPath monitoring results
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Background: VetPath is an ongoing pan-European resistance monitoring programme for
veterinary pathogens isolated from diseased cattle, pigs and poultry not recently treated with
antibiotics. Antimicrobial susceptibilities of mastitis pathogens isolated from dairy cows are
presented here.
Materials/Methods: Milk samples were collected from dairy cows with acute clinical mastitis,
in 8 EU countries, during 2015-2016. Escherichia coli, Klebsiella spp., Staphylococcus aureus,
coagulase-negative Staphylococcus spp. (CNS), Streptococcus dysgalactiae and Streptococcus
uberis (one isolate/bacterial species/outbreak) were isolated and identified by standard methods.
MIC values of 28 antibiotics / antibiotic combinations were determined in a central laboratory by
broth microdilution (CLSI, VET01-A4, 2013). MIC50/90 and percentage resistance, for antibiotics
with established CLSI breakpoints (VET08, 2018), were determined.
Results: In total, 1074 isolates were recovered, 225 E. coli, 70 Klebsiella spp., 246 S. aureus, 189
CNS, 135 S. dysgalactiae and 209 S. uberis. For E. coli, resistance to penicillin derivatives varied
from 2.7% (amoxicillin/clavulanate) to 24.0% (ampicillin); tetracycline resistance was 23.6%.
For cephalosporins (cefazolin, cephalexin, cefquinome, cephapirin and cephalonium), MIC 90
ranged from 0.12 mg/L (cefquinome) to >32 mg/L (cephapirin). For fluoroquinolones
(danofloxacin, enrofloxacin and marbofloxacin), neomycin and kanamycin, MIC50/90 were
0.03/0.06, 2/64 and 4/>128 mg/L respectively. For Klebsiella spp., resistance to ampicillin
reached 78.6% whereas it amounted to 1.4% for amoxicillin/clavulanate. Rather similar MIC90 of
cephalosporins and fluoroquinolones, as for E. coli, were observed except for cephapirin (4 mg/L).
Resistance to kanamycin was zero whereas it reached 14.3% for tetracycline.
For S. aureus, resistance to penicillin G was 25.2% whilst it was 0.8% for oxacillin. MIC 90 of
cefazolin, cephalexin, cefquinome, cephapirin and cephalonium varied from 0.25 to 4 mg/L.
Erythromycin and tetracycline resistance were 3.3 and 7.3% respectively. MIC 90 of
fluoroquinolones (danofloxacin, enrofloxacin and marbofloxacin), neomycin, rifaximin and
kanamycin were 0.25-0.5 mg/L, 0.5 mg/L, 0.5 mg/L and 4 mg/L respectively. Similar MIC
distributions and MIC50/90s were observed for CNS.
For S. uberis, ampicillin, penicillin G and pirlimycin susceptibilities were 94.7%, 87.1% and
84.2%. Erythromycin and tetracycline resistance were 23.9% and 37.3% respectively. MIC90 of
cefazolin, cephalexin, cefquinome, cephapirin and cephalonium were 0.06-0.5 mg/L; rifaximin
MIC90 was 0.5 mg/L; cloxacillin MIC90 was 4 mg/L. Danofloxacin, enrofloxacin and
marbofloxacin MIC90s were 1-2 mg/L. For neomycin and kanamycin MIC90s were >64 mg/L.
In contrast S. dysgalactiae was fully susceptible to ampicillin and penicillin G. For the other test
drugs similar values were determined as assessed for S. uberis.
Conclusions: Overall, the prevalence of antibiotic resistance is low among the six major mastitis
pathogen species except for penicillin G in S. aureus and CNS as well as erythromycin and
tetracycline in S. uberis and S. dysgalactiae.
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Non-mec mediated methicillin resistant Staphylococcus aureus in the human
and monkey populations of St. Kitts, West Indies
Andreas HOEFER1, Iona HALLIDAY-SIMMONDS1, Filip BOYEN2, Arshnee MOODLEY3,
Amy BEIERSCHMITT1,4, Marilyn ROBERTS5, Patrick BUTAYE1,2
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The global prevalence of antibiotic resistance remains largely unknown, especially due to the lack
of quality surveillance in certain ecosystems and regions of the world. One such region is the
West Indies where very little is currently known regarding distribution of antibiotic resistant
bacteria. We have identified a high prevalence of methicillin resistant Staphylococcus aureus
(MRSA) (approx. 50%) among human S. aureus in the small island nation of St. Kitts and Nevis.
In the current study we have examined, other possible sources of MRSA. We concentrated on the
potential role of the Green Vervet monkey population, as there are a very large number of
monkeys residing within a very close proximity to humans. Therefore, we analyzed 87 nasal
samples of asymptomatic monkeys, 49 of which were wild monkeys and the remaining 38 were
bred in captivity at the Behavioral Science Foundation on St Kitts. A total of 27 Staphylococcus
spp. isolates grew on cefoxitin (3.5 mg/L) supplemented plates (14 from wild monkeys (28.6%
were carriers) and 13 from captive monkeys (34.2% were carriers)). Of these resistant
Staphylococcus spp., two isolates (7%) (both from wild monkeys) were mecA negative S. aureus,
17 strains were mecA negative Staphylococcus spp. (63%) and eight were mecA positive
Staphylococcus spp. (30%). A mec negative cefoxitin resistant S. aureus was also isolated from a
human hospital patient; we are currently analyzing the possible zoonotic transfer of mecA negative
cefoxitin resistant S. aureus between humans and Green Vervet monkeys, and investigating the
genetic background of the coagulase negative Staphylococcus (CoNS) strains by WGS.

Page 81

Poster Abstracts

P20

Poster Abstracts

PALAIS DES CONGRÈS TOURS FRANCE

P21
Analysis of ESBL-producing Escherichia coli from pets and their owners –
faecal carriage of different CTX-M-producing E. coli in a dog and a human
in Portugal
Claudia FEUDI1, Juliana MENEZES2, Cátia MARQUES2, Adriana BELAS2, Vincent
PERRETEN3, Siân Marie FROSINI4, Anette LOEFFLER4, Scott WEESE5, Constança
POMBA2, Stefan SCHWARZ1
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Background and objectives: The role of companion animals as potential sources and reservoirs
of antimicrobial resistant bacteria, as well as the use of antimicrobial agents crucial for human
health in veterinary medicine, represent growing concerns worldwide. This study was conducted
in the context of the PET-Risk Consortium, which aims to determine and analyze the bacterial
transmission between pets and their owners during animal infections.
Materials and methods: A male, 14-year old American Pit Bull terrier was admitted to the
Veterinary Teaching Hospital of the Faculty of Veterinary Medicine, University of Lisbon, with
a complicated urinary tract infection (UTI, bacterial cystitis). The dog had already been
hospitalized in the previous 6 months and had received several courses of antimicrobials. A urine
sample from the dog (by cystocentesis) and faecal samples from the dog and three household
members were plated on MacConkey agar with cefotaxime (1.5 mg/L) and Superpolymyxin
media. Bacterial species were identified using Maldi-TOF mass spectrometry (MS). Several PCRs
were performed to determine the genetic content and relatedness of the isolates (phylogenetic
groups, resistance genes and plasmid replicons). Antimicrobial susceptibility was assessed by disk
diffusion tests and results interpreted according to EUCAST, except for tetracycline where CLSI
recommendations were used.
Results: A total of twenty-seven isolates were grown and all were identified as E. coli. The isolate
obtained from the infection site belonged to phylogenetic group B1, harbored a blaCTX-M-1 gene
and replicons I1α, FIA, FIB and FII. In contrast, E. coli isolated from the canine faecal sample
belonged to phylogroup C, carried the blaCTX-M-27 gene and the replicons FIA, FIB and FII.
Susceptibility tests of the canine isolates revealed a multidrug resistance phenotype with
resistances
to
thirdand
fourth-generation
cephalosporins,
fluoroquinolones,
sulfamethoxazole/trimethoprim and tetracycline. Faecal E. coli isolates from two humans
belonged to phylogroups A, B1, F or cryptic clade I and did not carried any blaCTX-M gene. The
third human household member harbored blaCTX-M-9-carring E. coli which belonged to phylogroup
C and contained replicons I1α, FIB and FII.
Conclusion: This study showed that the E. coli responsible for the UTI was not related to the
other E. coli identified in the faecal samples, neither from the dog nor from the humans.
Additionally, the E. coli isolated from animal and human feces were not related to each other and
the analysis did not show any evidence of a shared colonization. To the best of our knowledge,
this is the first description of canine gut colonization by a CTX-M-27–producing E. coli in
Portugal. CTX-M enzymes belonging to group 9 have rarely been reported in companion animals
and the variant CTX-M-27 to an even lesser extent, as it has been described so far in cats and dogs
only in Japan and UK.
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Molecular characterisation of carbapenemase producing Enterobacter cloacae
complex isolates from imported shrimps.
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2
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The Netherlands imports large quantities of food from outside of Europe. Considering the
relatively high consumption of antimicrobials in some continents compared to Europe and their
possible effect on the microbiological quality of the food, the Dutch Food Safety Authority
collects samples from imported food products to screen for the presence of pathogenic bacteria
and specific types of resistance (e.g. ESBLs and carbapenemases).
In 2017 and 2018, over hundred batches of frozen shrimps imported from South-East Asia,
Central-America and Oceania were sampled at the harbour of Rotterdam. Each sample (of 25
grams) was screened for the presence of carbapenemase-producing Enterobacteriaceae by
enrichment in BPW, followed by selective culturing on Chrom ID CARBA and OXA plates.
Suspected isolates were typed with MALDI-TOF (Bruker) and susceptibility testing was
performed with broth micro-dilution using Sensititre plates. Total bacterial DNA was isolated
using a Gentra Puregene kit (Qiagen) and whole genome sequencing was performed with Illumina
MiSeq PE300 and ONT MinIon sequencing. Hybrid assemblies were created using SPAdes and
contigs were compared to data in the Resfinder database.
Four Enterobacter cloacae complex isolates with carbapenemase activity were obtained from
batches of frozen shrimps originating from India (n=1) or Vietnam (n=3). These bacteria all
exhibited an unusual phenotype being resistant to carbapenems, but not to 3rd generation
cephalosporins. Molecular characterisation of the first Enterobacter cloacae complex isolate
(from India) revealed the presence of two carbapenemases: IMI-2 and an novel family designated
FLC-1 located on two different IncFII plasmids1. The second and the fourth Enterobacter cloacae
complex isolates (both from Vietnam) harboured a chromosomally located blaIMI-1 on a putative
mobile genetic element called EcloIMEX2. The third Enterobacter cloacae complex isolate (from
Vietnam) carries a blaNDM-5 gene on an IncX3 plasmid next to a blaOXA-48 gene on a ColE plasmid.
The origin of the obtained Enterobacter cloacae complex isolates is unknown. These bacteria
could origin from water of the aquaculture, but could also be present due to human faecal
contamination during package or transport. Because of the relative small amount of samples
investigated and the absence of quantitative data it impossible to estimate the risk of human
contamination by consumption. Nevertheless, our findings demonstrate the presence of
carbapenemase-producing bacteria on imported seafood from South-East Asia carrying different
carbapenemase genes.
References
[1] M. Brouwer, K. Tehrani, M. Rapallini, Y. Geurts, K. Veldman et al (2019). Antimicrob Agents Chemother, Epub
ahead of print
[2] M. Brouwer, M. Rapallini, Y. Geurts, F. Harders, K. Veldman et al (2018). Antimicrob Agents Chemother
26;62(7).
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Characterization of 3rd generation cephalosporin-resistant Escherichia coli
isolated from pigs in Cuba using Next Generation Sequencing (NGS)
Rosa E. HERNÁNDEZ-FILLOR1,2, Michael BRILHANTE1, Michel BÁEZ-ARIAS2, Ivette
ESPINOSA2 and Vincent PERRETEN1.
2
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Animals represent a reservoir of antibiotic-resistant bacteria which can be transmitted to the
human through the food chain. Resistance to 3rd-generation cephalosporin (3GC) in Escherichia
coli has been reported worldwide from humans and animals (1). In this species, cephalosporin
resistance is mostly mediated by extended-spectrum beta-lactamases (ESBLs) or AmpC betalactamases located on plasmids (pAmpC) (2). Screening healthy pigs in Cuba also revealed the
presence of 3GC-resistant E. coli (3). However, little is known about the resistance genes
including those conferring resistance to cephalosporins. The aim of this study was to characterize
3GC-resistant E. coli from pigs in Cuba using NGS. Rectal swabs from 215 healthy pigs were
taken from five municipalities in the western region of Cuba and spread on McConkey agar
supplemented with cefotaxime (4 µg/ml) and ceftazidime (8 µg/ml). Isolates were identified by
MALDI-TOF. Antimicrobial susceptibility to 14 antibiotics was determined by microdilution
method. Nighty-six isolates (44.7%) were identified as 3GC-resistant E. coli and all of them were
resistant to at least three antibiotic classes. Thirty genetically different multiresistant isolates were
selected based on their rep-PCR profiles for NGS by MiSeq-Illumina technology. In silico
analysis for detection of antibiotic resistance genes performed with ResFinder (Center for
Genomic Epidemiology) revealed the presence of the ESBL genes blaCTX-M-32 (n=19), blaCTX-M-15
(n=5) and blaCTX-M-55 (n=5) as well as the pAmpC gene blaCMY-2 (n=2). The isolates also contain
genes associated with resistance to penicillins (blaTEM-1B, blaCARB-2), aminoglycosides (aadA1,
aadA2, aadA5, aadA22, aph(3'')-Ib, aph(6)-Id, aph(3´)-Ia, aph(3´)-IIa, aac(3)-IIa, aac(3)-IId),
sulfonamides (sul1, sul2, sul3), quinolones (qnrB19, qnrS1), tetracyclines (tet(A), tet(B), tet(D),
tet(M)), chloramphenicol (cmlA1, catA1, floR) and trimethoprim (dfrA1, dfrA8, dfrA12, dfrA18)
as well mutations in the fluoroquinolone resistance-determining regions of GyrA (S83L, D87N,
D87Y) and ParC (S80I).
This study revealed a high prevalence of 3GC-resistant E. coli in pigs in Cuba. It also gives for
the first time some insights into the molecular mechanisms of antibiotic resistance in 3GCresistant E. coli strains isolated from pigs in Cuba, emphasizing the need for surveillance
programs and establishment of strategies for the prudent use of antibiotics in food animals.
Funding: This work was funded by the Swiss Government Excellence Scholarships for Foreign
Scholar [no. 2018.0714] granted to RE. Hernández-Fillor, by the National Center for Animal and
Plant Health, Cuba, and by the Institute of Veterinary Bacteriology of the University of Bern,
Switzerland.
References
[1] S.N. Seiffert, M. Hilty, V. Perreten and A. Endimiani (2013). Drug Resist Updat 16(1-2):22-45.
[2] A. Carattoli (2009). Antimicrob Agents Chemother 53(6):2227–38.
[3] C. M. Marrero, M. Mora, R. E. Hernández-Fillor, M. Baez, M. M. Mora, et al. (2017). Rev. Salud Anim 39(3):115.
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Resistance profiles and biofilm forming ability of Klebsiella spp. from pigs
and humans in Thailand
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Background: Klebsiella species are common in the gut microbiota of humans and animals, can
serve as a reservoir of antibiotic resistance (AR) genes and act as a provider of AR in the
environment1. Transmission of AR bacteria between humans and animals have been
documented2. However, there is a little knowledge about characteristics and possible zoonotic
transfer of Klebsiella spp. among pigs and humans in Thailand.
Objectives: The aim of the study was to isolate and characterize Klebsiella strains circulating
among pigs, pig farmers, and humans without pig contact in Khon Kaen province, Thailand.
Materials and methods: Rectal swabs were taken from 150 pigs (50-pooled samples) on 50 pig
farms. Moreover, fecal samples were obtained from 100 humans (50 humans working at the pig
farms and 50 humans living near by the farms but without contact with the pigs). Isolation of
Klebsiella spp. was performed by plating out on SCAI agar3, colonies were subcultured and
species identified by MALDI-TOF MS. Antibiotic susceptibility was determined using the disk
diffusion according to EUCAST and results were interpreted using clinical breakpoints from
EUCAST. PCR for blaNDM, blaKPC, blaVIM, blaOXA-48, blaIMP detection was performed. Biofilm
formation of all isolates on polystyrene microtiter plate was studied4.
Results: A total of 138 K. pneumoniae and 12 K. variicola, isolates were isolated. The isolates
were resistant to tetracycline (16.7%), trimethoprim-sulfamethoxazole (8.7%), chloramphenicol
(4.7%), and ciprofloxacin (0.7%). Cephalosporin resistance was observed in one K. pneumoniae
isolated from pig with resistance to cefipime, ceftazidime, and cefotaxime. No carbapenemresistant isolates were found. Most isolates were good biofilm producers. Further in-depth
characterization of isolates will be performed including evaluation of possible clonal
dissemination between humans and pigs.
Conclusions: Antimicrobial use should be taught and monitored to prevent and reduce the rate of
AR bacterial transmission.
References
1.
R. Podschun and U. Ullmann (1998). Clin Microbiol Rev 11:589–603.
2.
J.M. Rolain (2013). Front Microbiol 4:173.
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E. Van Kregten, N.A. Westerdaal, and J.M. Willers (1984). J Clin Microbiol 20:936–41.
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L. L. Nesse, K. Berg, and L.K. Vestby (2015). Appl Environ Microbiol 81:2226–32.
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ESBL-producing Enterobacteriaceae in Swedish corvids
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Wild birds and particularly synanthropic omnivores like corvids pose a potential threat to animal
and human health by spreading infectious diseases and antimicrobial resistance. It has also been
suggested that corvids could be used as sentinels for presence in the environment of antimicrobial
resistance. In the current study, we have investigated the occurrence of extended spectrum
cephalosporinase-producing Enterobacteriaceae (ESCE) among Swedish corvids. Intestinal
segments with contents from 66 jackdaws, crows, rooks and magpies from the vicinity of livestock
farms at 14 locations in 7 counties were analysed by enrichment in BPW and then culture on
CHROMagar™ mSuperCARBA™ and on MacConkey agar supplemented with 1mg/L
cefotaxime. Suspected ESCE were subjected to maldi-tof for species determination. No suspected
Enterobacteriaceae were identified from the mSuperCARBA™ agar plate. From the MacConkey
agar 30 isolates suspected of being ESCE were isolated; Escherichia coli (n=3), Enterobacter
cloacae group (n=1), Hafnia alvei (n= 5), Citrobacter braakii (n=2), Morganella morganii (n=1),
Serratia fonticola (n=1) and Rahnella aquatilis (n=17). R. aquatilis was excluded from further
studies due to earlier studies shown that these are intrinsic resistant to extended spectrum
cephalosporins and have not previously been shown to carry transferable genes encoding
Extended Spectrum Beta-Lactamase (ESBL) or plasmid-mediated AmpC (pAmpC). The isolated
E. coli and E. cloacae isolates were subjected whole genome sequencing, while the remaining
isolates were subjected to PCR detecting the common genes encoding ESBL and pAmpC. Of the
isolates only one E. coli was confirmed to carry transferable ESBL genes, a blaCXT-M-55 gene.
Based on the WGS it was determined that the E. coli carried the blaCXT-M-55 gene, belonged to
multi-locus sequence type ST165 and the serotype O80:H19. The blaCXT-M-55 E. coli was also
shown to be multidrug resistance as it also carried the genes arr2, acc(3)_IId, aad22, aph(3’)-Ia,
aph(3’’)-Id, aph(6)-Id, cmlA1, dfr14, floR, InuF, mefB, mdfA, mphA, qnrS1, sul3 and tetA. Based
on in-silico plasmid replicon typing the isolate was shown to only carry one plasmid belonging to
replicon type incHI2 and belonging to the plasmid MLST pST2. In this limited we showed that
multidrug resistant ESBL-producing E. coli occurs in corvid birds in the vicinity of livestock
farms in Sweden, with 1.5% (1 out of 66) of birds carrying ESBL-producing E. coli.
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Resistances to Cephalosporins and Fluoroquinolones in Veterinary medicine.
Results of the German National Antibiotic Resistance Monitoring (GERM-Vet)
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Juergen WALLMANN, Ulrike STEINACKER
Federal Office of Consumer Protection and Food Safety (BVL), Berlin, Germany

Objectives
Cephalosporins (3rd and 4th generation) and Fluoroquinolones are classified from WHO as
“highest priority critically important antimicrobials” and from OIE as “critically important
antimicrobials”. They should be used careful and prudent and only then where it is necessary.
Nevertheless, they are important substances to treat bacterial infections in human and veterinary
medicine. Since 2001, an annual representative German-wide monitoring study (GERM-Vet) on
bacterial isolates from diseased animals generates resistance data amongst others against a set of
five different cephalosporins and a set of three different fluoroquinolones.
Methods
Based on a statistically valid sampling plan the bacterial isolates were investigated by using the
broth microdilution method according to CLSI document VET01 5th ed.. The MIC values were
assessed with their corresponding clinical veterinary breakpoints (CLSI VET08). If no
breakpoints were available, MIC90 values were used for classification.
Results
The resistance data were evaluated according the bacterial species, animal species and indications
that were investigated.
Mastitis (diary cow) - S. aureus isolates showed low resistance rates against cephalosporins (01.5%) and fluoroquinolones (MIC90 0.25 mg/L), E. coli: MIC90 values were increasing over a
period of 2 years (Cefquinom from MIC90 0.12 to 0.5 mg/L, Ceftiofur under 2% in 2005 to 8% in
2016).
Calves - MIC90 values for cephalosporins of the 3rd and 4th generation and for fluoroquinolones
are high for bacterial strains isolated from calves (for all tested cephalosporins >32 mg/L,
fluoroquinolones >16mg/L). The rate for ESBL positive E. coli isolates from calves is still
increasing from 7% in 2006 to 32% in 2017.
Pigs - MIC90 values for cephalosporins of the 3rd and 4th generation and fluoroquinolones were
much lower for bacterial strains isolated from pigs than for those isolated from calves (for all
tested cephalosporins 0.12 – 0.5 mg/L, fluoroquinolones 1 mg/L). The rate for ESBL positive E.
coli was still low about 6% in 2017.
Poultry - Cephalosporins are not approved for veterinary use in poultry. Nevertheless, we see high
MIC90 values for broilers although the ESBL rates for E. coli are still at 3.6%. Resistance rates
for isolates from turkeys and broilers for fluoroquinolones are low (about 7%).
Conclusions
An intelligent and rational application of antimicrobial agents is needed to minimise the
development and the spread of antimicrobial resistant bacteria and their resistance genes as far as
possible. Depending on the affiliation to animal and bacterial species we see large differences in
resistance data and a very different impact on resistance situation in veterinary medicine. With
these representative and quantitative data, we are able to monitor and to estimate the development
of antimicrobial resistance in veterinary pathogens to 3rd and 4th generation cephalosporins.
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Broad-spectrum antimicrobial and multi-drug resistance in three
wastewater-impacted environments
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Broad-spectrum non-therapeutic antimicrobial compounds are extensively used around the world
in consumer, clinical, and industrial products ranging from soaps to sutures. Triclosan (TCS) and
benzalkonium chloride (BC), two representative non-therapeutic antimicrobials, are present in
numerous consumer products [1]. In some countries, efforts to ban TCS may result in increased
use of BC. Compounds like these enter wastewater, an ideal reservoir for AMR genes, where the
high-nutrient, high-bacterial-diversity environment facilitates resistance gene development and
transfer. Wastewater overflows, extreme weather events or absence of wastewater infrastructure
result in wastewater entering the environment, increasing human exposure, risk, and proliferation
of resistance. This study explored the incidence of resistance to TCS and BC and cross-resistance
to clinically-important antimicrobials in wastewater and wastewater-impacted environments.
Using BC or TCS-containing media for selection, 506 antimicrobial-resistant bacterial isolates
were collected from three distinct settings: wastewater from Baltimore, MD, USA; human and
animal sewage-impacted floodwater from Hurricane Florence in North Carolina (NC), USA; and
surface water from an Amazonian community in Iquitos, Peru lacking wastewater treatment
infrastructure. Isolates were cross-resistance tested to up to 18 antibiotics using Kirby Bauer
susceptibility testing and whole-genome shotgun sequenced for taxonomic characterization and
resistance gene identification.
Multi-drug resistance was extensive – in Baltimore 80% of isolates resistant to clindamycin,
ampicillin, erythromycin and nitrofurantoin. In NC floodwater, 80% of isolates were similarly
resistant to the above antibiotics, as well as amoxicillin/clavulanic acid and azithromycin,
although in Iquitos, rates of resistance did not exceed 80% for any tested antibiotic. At all sites,
we observed a statistically significant increased rate of colistin resistance among BC-isolated
organisms. Of BC-isolated organisms, 36.4% (Baltimore), 71.4% (NC) and 71.6% (Iquitos) were
colistin resistant at the three respective sites, concerning due to the extremely high rate of
resistance to a “last-resort” antibiotic and the possible increased in BC-use. Although sequence
analysis is in progress, Gammaproteobacteria were most common among all isolates, over 80%
of isolates at each site. Among this class, over 40 unclassified Pseudomonas spp. have been
identified. Using the Comprehensive Antibiotic Resistance Database (CARD) Resistance Gene
Identifier (RGI), 551 resistance genes or complex-components were identified among the isolates,
with some isolates containing no known genes. Of the characterized genes, the three highest
prevalence genes were efflux components. Work is ongoing to characterize associations between
genes and resistance profiles. With this work, we aim to explore the relationship between
common, non-therapeutic antimicrobials and aggressive transferrable multi-drug resistance to
understand the public health threat associated with wastewater-contaminated environments
through a comprehensive combination of phenotypic and genotypic analysis.
Reference: [1] G. Kampf (2018). Antiseptic Stewardship: Biocide Resistance and Clinical Implications.
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Occurrence of resistance genes in full-scale biogas plants fed with
agricultural residues and zootechnical effluents
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Treatment of agro-zootechnical biomass in biogas plants is currently a consolidated practice for
waste disposal and sustainable energy production, in line with the “circular economy”.
Antibiotics, widely used in animal breeding, are recognized as emerging pollutants and they cause
concern for their possible negative impacts on natural microbial communities and their
functioning [1]. Moreover, they can promote the selection of resistant bacteria (ARB) and spread
of antibiotic resistance genes (ARGs). ARBs and ARGs can reach agricultural soils via reclaim
water, manure and digestate [2, 3]. Inside biogas reactors, anaerobic digestion (AD) process relies
on complex microbial communities, where anaerobic Fungi, Bacteria and Archaea cooperate in
sequential steps, with a final production of a methane-rich biogas.
The presence of antibiotics into the digesters can affect the performance of the AD leading to suboptimal biogas productions; moreover, in the case of ARBs and ARGs occurrence, the final
digestate obtained can affect soil if used as exogenous organic matter.
To monitor and guarantee the quality of the waste biomass used for feeding AD, the possible
ARGs presence needs to be investigated. In this context, the number of ARGs can be measured
in the input and output of the digester. The present study aims at elucidating the distribution and
abundance of ARGs, investigating the relationships and effects between ARGs and AD in some
full-scale biogas plants. The ARGs identified sul1 and sul2 and the mobile genetic elements intl1,
were selected in previous studies and quantified by qPCR. All genes tested were found in both
input and output of the digesters considered in this study. The overall results will be discussed.
References
[1] Barra Caracciolo A, Topp E, Grenni P (2015). Pharmaceuticals in the environment: Biodegradation and effects
on natural microbial communities. A Review. Journal of Pharmaceutical and Biomedical Analysis 106: 25-36
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Effects of Residual Antibiotic on Fecal Microbes and Soil Bacteria in Cattle
Feedlot Soils
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Animal production in the United States utilizes antibiotics and antimicrobial compounds to ensure
good health and highest production potential. Residual antibiotics excreted by animals may
accumulate and persist for long periods of time potentially affecting the level of general antibiotic
resistance in soil and other microbial communities. In this study, a series of beef cattle feedlot
soils were collected from ten feedlot pens and analyzed for residual tetracycline (range: 200 to
3000 µg/kg dry soil). Twelve samples were selected, moistened, and initially cultured for aerobic
soil bacteria (ASB) and fecal bacteria (FB) using medium supplemented with 0, 4, or 20 µg/mL
tetracycline. After a 6-week soil incubation, microbes were again cultured to see if residual soil
tetracycline altered the abundances of the various soil communities. For initial and 6-week
incubation, ASB and FB colonies were classified ‘resistant’ to tetracycline when grown on plates
supplemented with 20 µg/mL tetracycline and ‘tolerant’ to tetracycline if grown in the presence
of 4 µg/mL tetracycline.
Initially, there were 6.0, 3.4, and 2.6 log colony forming units (CFU)/gm soil for total, tolerant,
and resistant ASB, respectively. After a 6-week incubation, the numbers of total, tolerant, and
resistant ASB did not change (P > 0.1). There was no discernable effect of high or low
concentration residual soil tetracycline on the numbers of ASB initially or after the 6-week
incubation. For the FB, total, tolerant, and tetracycline resistant abundances were initially 1.8,
0.6, and 0.3 log CFU/gm soil, respectively. After the 6-week incubation, there were no changes
in the total FB and resistant FB, but there was a significant increase from 0.6 to 1.5 log CFU/gm
in the tolerant FB group (abundance increased in 11 of the 12 soil samples). In contrast to the
ASB, the FB community initially seemed to be much more sensitive to residual soil tetracycline.
Initial total and tolerant FB populations were higher when tetracycline concentrations were less
than 800 µg/kg soil. Similarly, resistant FB populations were initially detected only when residual
tetracycline was less than 800 µg/kg soil. After the 6-week incubation, FB populations did not
differ based upon the residual soil tetracycline concentration.
Residual tetracycline in the cattle feedlot soils had a differential effect on ASB and FB
populations. The ASB seemed largely unaffected by higher residual tetracycline concentrations
while the abundance of FB was limited. Incubating the soils did not produce an increased
proportion of resistant or tolerant ASB, which was contrary to our initial hypothesis that resistant
microbes would become more prevalent. For FB populations, higher concentrations of residual
tetracycline limited the initial abundance. After a period of soil incubation, tolerant FB
populations increased, but truly resistant FB did not become prevalent.
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Long-term persistence of NDM-producing Enterobacteriaceae within a
commercial broiler farm
Ruidong ZHAI1, Bo FU1, Xiaomin SHI1, Shaolin WANG1, Zhangqi SHEN1, Congming WU1
and Yang WANG1
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Background and Objective Although carbapenems are not approved for use in animal
production, various NDM-producing Enterobacteriaceae have been reported from farm animals
that pose an increasing threat to public health. We previously demonstrated the high prevalence
of NDM in poultry production chain [1], however, no intensive and systematic analysis of
persistence of blaNDM gene within broiler farms. Herein, we selected a typical commercial farm
to further investigate the distribution of NDM-producing Enterobacteriaceae in different broiler
batches and the house environment with or without the chickens.
Methods During Mar 2017 to June 2018, we collected 204 cloacal swabs from three broiler
batches and 522 environmental samples (174 within the life cycle and 348 without chickens) from
the surface of litter collectors, feeding troughs, nipple drinkers, corridor floors, and sewage
trenches within the broiler house in Hebei province, China. All samples were detected for blaNDM
gene and isolated for NDM-producing Enterobacteriaceae. Moreover, the susceptibility and
genetic relatedness of selected NDM-positive strains were characterized.
Results The blaNDM gene presented high detection rates (53-75%) in broiler flocks over three
broiler batches. It was widely distributed (23-88%) among environmental samples during raising
period, even largely existed (6-70%) after the common cleaning and disinfection procedure at the
empty period. A total of 404 NDM-producing strains, belongs to 16 species of Enterobacteriaceae
and Pseudomonas were recovered from various samples, with the Klebsiella pneumoniae
(n=133), Escherichia coli (n=121), Citrobacter freundii (n=30), Enterobacter cloacae (n=21)
were the predominant species. Large number of NDM-producing K. pneumoniae and Escherichia
coli were closely clustered by Pulsed-field gel electrophoresis. The blaNDM-carrying IncX3
plasmid was identified in 92.3% (n=373) of NDM-producing strains.
Conclusions The NDM-producing Enterobacteriaceae can long-termly persist within chicken gut
and across varying spatially environment in broiler house. The wide dissemination of blaNDMcarrying IncX3 plasmids among various species of Enterobacteriaceae suggested the commercial
broiler farms may represent import reservoirs for NDM.
Key words persistence; NDM-producing Enterobacteriaceae; commercial broiler farm
Acknowledge This work was supported in part by the grants from National Key Research and Development
Program of China (2018YFD0500300), National Natural Science Foundation of China (81861138051 and
81661138002).
References [1] Wang Y, Zhang R, Li J, et al. (2017). Nature microbiology 2(4).
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Detection of ESBL-producing E. coli in French rivers
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Fourteen rivers located in the North-Western part of France were sampled one time between July
and August 2014. Detection of ESBL–producing Escherichia coli (ESBL-Ec) was performed by
culture with or without an enrichment step. Volumes of 10 mL and 1 mL were filtrated and filters
were inoculated, as well as volumes of 100µL of water on TBX media supplemented with
cefotaxime (CTX, 2 mg.L-1). 100 mL was filtered and filters were transferred in EE broth
supplemented or not with CTX. After 24h of incubation, a loopful was streaked on ESBL
Brillance agar media. Escherichia coli isolates were identified by PCR. Plasmids were purified
and transferred by electroporation into a recipient E. coli strain. Plasmids from recipient strains
that had acquired CTX-resistance were purified and sequenced to investigate the diversity of the
ESBL encoding genes and their support.
Results showed that, according to results obtained after enrichment, ten out of the fourteen rivers
sampled contained more than 10 CFU ESBL-Ec per liter (limit of detection), whereas only one
river was positive for ESBL-Ec after direct plating (limit of detection: 100 CFU/liter)
Twenty-three plasmids were sequenced. The results showed that five plasmids obtained from four
rivers contained blaCTX-M-14, either on IncI1 or on IncFII plasmids. Three strains from two rivers
contained blaCTX-M-15 on IncN pMLST7 plasmids, with in two plasmids qnrS1 and dfrA14 genes.
One plasmid contained the blaCTX-M-55, a blaTEM-1B-like, and fosA genes. Seven IncI1 pMLST3
plasmids carried the blaCTX-M-1 gene and the sul2 gene, and some of them had also the tet(A),
aadA5, or dfrA17 genes. The blaCTX-M-1 gene was also detected on IncI1 of unknown ST and on
IncN or IncF plasmids. One isolate contained the blaCMY-2 gene.
The diversity of the genes and plasmids probably reflects the animal and human origins of the
resistant bacteria isolated in the rivers (Lucas et al., 2018; Nicolas-Chanoine et al., 2013; Touzain
et al., 2018)
References
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Plasmid-mediated resistance to Extended-spectrum β-lactam antibiotics in
wastewater treatment plant effluent
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Extended-spectrum β-lactamase (ESBL)/AmpC producing bacteria are one of the most critical
resistance bacteria that contribute to treatment failure and increased death rates. In this work we
aimed to characterise plasmids carrying ESBL genes in wastewater treatment plants (WWTPs).
The plasmids were transferred into Escherichia coli DH5α from 49 ESBL producing coliform
strains. These coliform strains were isolated from WWTP effluent and carry blaTEM, blaSHV and
blaCTX-M genes. The antibiotic resistance profile of plasmids were determined by antibiotic
susceptibility testing of transformants against six antibiotics classes (beta-lactams,
fluoroquinolones, aminoglycosides, tetracyclines, trimethoprim and chloramphenicol). In total,
48 plasmids were transformed into E. coli DH5α. Among them 42 plasmids harbour blaTEM, 3
carry blaSHV-12, 1 carries blaCTX-M-1 and 2 harbour blaCTX-M-15.
The results of this work show the presence of plasmid-mediated antibiotic resistance and the
possibility that these plasmids will transfer among bacteria. This data needs to be considered when
analysing the risk of WWTP effluent to the environment and to human health, as many of the
bacteria identified are not analysed in the assessment of risk for pollution from WWTPs globally.
Antibiotic
Trimethoprim
Tetracycline
Amikacin
Cefotaxime
Ceftazidime
Ciprofloxacin
Ertapenem
Meropenem
Imipenem
Gentamicin
Kanamycin
Chloramphenicol
Colistin

%
18.75
29.17
10.42
33.33
33.33
2.08
0.00
0.00
0.00
0.00
4.17
33.33
6.25

Fig. 1 Percentage of resistance within 48 plasmids
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Antimicrobial resistance of Escherichia coli isolated from slaughterhouse
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Introduction: Livestock is a reservoir of antibiotic resistant E. coli strains, which may be present
in slaughterhouse wastewater. Large slaughterhouses have their own wastewater treatment plant
(WWTP). Limited information is available on the spread of resistant E. coli strains following the
reject in superficial water from these WWTP. The objective of this study was to detect resistant
E. coli strains in slaughterhouse effluents, and in particular resistance to critically important
antibiotics (CIA) for human medicine.
Materials and methods: Effluents were collected from 3 slaughterhouses (A, B1 and B2) after a
complete treatment, and from a slaughterhouse (B3) after an incomplete treatement. A and B1
were only dedicated to the slaughter of veal calves, whereas B2 and B3 also slaughtered adult
cattle. CIA-resistant E. coli were detected by plating concentrated effluents on (i) RAPID'E.coli
2 agar (Bio-Rad®) supplemented with cefotaxime or ciprofloxacin, (ii) ChromID CARBA agar,
and (iii) ChromID OXA-48 agar (bioMérieux®). For the detection of colistin-resistant E. coli,
effluents were diluted in colistin-supplemented brilliant green bile broth (BGBB) with Durham
tube. Positive BGBB tubes were then plated onto RAPID'E.coli 2 agar with colistin. A collection
of E. coli isolates, randomly picked on RAPID'E.coli 2 agar, was also subjected to antimicrobial
susceptibility testing.
Results: Fully treated effluents released 4.5x101 (± 4.6x101) CFU/mL E. coli into the recipient
river, while after partial treatment they contained 6.4x104 CFU/mL E. coli. In slaughterhouse B1,
one ESBL-producing E. coli was detected. The blaCTX-M-15 gene was identified. Eight E. coli
isolates resistant to ciprofloxacin were also detected. They belonged to two different ERIC 2
(Enterobacterial Repetitive Intergenic Consensus) PCR profiles. In slaughterhouse B3, 6
ciprofloxacin-resistant E. coli isolates belonging to 3 different ERIC 2 PCR profiles were
detected. No plasmid-mediated quinolone resistance (PMQR) genes was identified. No isolate
was detected on ChromID CARBA, ChromID OXA-48 agar and agar with colistin. A collection
of 184 E. coli isolates were subjected to antimicrobial susceptibility testing. In slaughterhouses A
and B1, 80.4% and 79.2% of the isolates were resistant to at least one antibiotic. In
slaughterhouses B2 and B3, this percentage was 45.7% and 36.4%, respectively. Resistant E. coli
strains were mainly resistant to tetracycline.
Conclusion: Only a few CIA- resistant strains were detected in slaughterhouse effluents. A higher
percentage of resistant E. coli strains was detected in slaughterhouses only dedicated to veal calve
slaughter.
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Comparison of antimicrobial resistance in Escherichia coli from broiler
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Antimicrobial resistance is widespread in bacteria from poultry, and this has implications for both
animal and human health. Escherichia coli plays a central role in these environments, both as a
pathogen and as a commensal reservoir of resistance genes linked to human health throughout the
food chain.
Between 2016 and 2018, extended spectrum cephalosporin (ESC) resistant E. coli were isolated
from pooled fecal samples originating from conventional broiler chicken and chicken “raised
without antibiotics” (RWA) for a preliminary study. Enrichment cultures were used to increase
the sensitivity of detection, with 2 g of fecal material inoculated overnight in 18 mL EC broth
supplemented with 2 µg/mL cefotaxime; lactose fermenting colonies were recovered from
MacConkey agar plates supplemented with 1 µg/mL ceftriaxone, and isolates were confirmed as
E. coli by MALDI-TOF analysis. Thirteen farms (7 conventional and 6 RWA) were sampled
several times over two successive seasons, and 109 ESC-resistant E. coli were recovered and
screened by PCR for blaCMY, blaCTX-M, and blaSHV. The isolates were also tested for their
susceptibility to four beta-lactam antibiotics (cefotaxime, ceftazidime, cefoxitin, and ertapenem).
Ninety isolates carried blaCMY and 20 carried blaCTX-M, with one isolate carrying both. No blaSHV
were found, and none were resistant to ertapenem. An attempt was made to detect these resistance
genes directly with DNA extractions from fecal samples and real time PCR analysis using
TaqMan primer/probes. However, due to the dilution effect from processing the samples and the
small volume of template used for PCR reactions, the detection limit was much lower than culture
and insufficient for quantitative purposes. Despite the small sample size limiting the statistical
significance of the results, several trends emerged. The conventional farms tended to have more
blaCTX-M-positive E. coli recovered than RWA farms. However, the finding was not statistically
significant.
CMY remains the most prevalent determinant of ESC resistance in broiler chickens in Canada,
including in RWA chickens. However, the prevalence of blaCTX-M is continuing to rise. The
blaCTX-M genes are typically located on plasmids that encode resistance to other antimicrobials,
and allow for co-selection through their continued use, while blaCMY is generally found alone on
IncI1 plasmids in Canada. Previous studies in our laboratory have shown that the plasmids
carrying blaCTX-M in E. coli from broiler chickens in Canada generally encode resistance to
tetracyclines, sulfonamides, spectinomycin, and streptomycin. In the absence of ceftiofur use, this
may influence the prevalence of resistant bacteria differently between birds raised in conventional
and RWA farms. As Canadian farmers are reducing their use of antimicrobials, studies comparing
different antimicrobial use practices and their effects on co-selection of resistance to antimicrobial
agents of high importance to human medicine will help to highlight some of the future challenges
in optimizing antimicrobial use.
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Typology of organic wastes influences the dose - response relationships
between sulfonamide residues and antibiotic resistance genes in amended
soils
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The widespread occurrence of antibiotics (ABs) and antibiotic resistance genes (ARGs) in
terrestrial and aquatic environment are major environmental and human health issues. The
growing interest in agricultural recycling of organic wastes (OW) as soil amendments for
croplands has been identified as a diffuse source for ABs and ARGs contaminations, thus
requiring a relevant environmental risk assessment (ERA). Numerous molecular markers are
available and have been widely documented in relation to the quantification of ARGs in amended
soils. Despite the many studies on the link between ABs concentration levels and soil resistome,
there is little knowledge on the influence of OW typology on the relationships between the fate
and availability of ABs residues and the dynamics of ARGs, amended soils.
This work investigated the influence of two types of OW amendments (compost of sludge and
green wastes (SGW) and farmyard manure (FYM)) on the availability of sulfamethoxazole
(SMX) and the dynamic of two ARGs (sul1 and sul 2), in a soil microcosm approach. OW were
contaminated at different SMX concentrations, to obtain soil SMX gradients (from 0.02 to 2.2
mg SMX g-1 soil), surrounding residues levels usually measured in amended soils. sul1 and sul 2
genes were monitored by quantitative PCR and total and available SMX concentrations in soils
were quantified by UPLC-MS/MS, during 84 days following amendment.
At these environmental relevant concentrations, total extracted-SMX concentrations were higher
in FYM-amended soils than in SGW-amended soils, while absolute concentrations of available
(CaCl2 – extracted) SMX did not differ between the two OWs. These two fractions of SMX
exponentially decreased along the experiment. The relative abundances of sul 1 and sul 2 genes
were initially higher in FYM-amended soils than in SGW-amended soils. Overall, at day 84,
abundances of sul genes showed consistent dose-response relationships, through the SMX
gradient, in both amended soils. However, along incubation time, sul gene abundances decreased
in SGW-amended soils and their abundances returned to initial levels, whatever the SMX
concentrations. On the opposite, in FYM – amended soils at the highest concentrations of SMX
(0.66 and 2.2 mg SMX g-1 soil), sul abundances increased compared to the initial level.
Overall, the typology of OW had the strongest influence on the dynamic of ARGs in amended
soils, while SMX concentrations and time after amendment had a lower influence. CaCl 2 –
extracted SMX would be a fraction representing the microbial exposure and then the selection
pressures for antibiotic resistance. The sul genes appeared as sensitive indicators of exposure to
sulphonamides, in amended soils, but normal operating ranges (NOR) are required for further
interpretations of their suitability as indicators in environmental risk assessment of antibiotics.
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Based on the current regulatory framework for veterinary and human medicines, only antibiotics
that are present in concentrations above 1 µg/L in the aquatic environment are considered a risk
and thus, evaluated following a tiered risk assessment approach [1]. However, recent studies
demonstrate that aquatic microorganisms forming freshwater biofilms may have a very high
sensitivity to lower concentrations of antibiotics [2]. Moreover, concentrations below those used
for the protection of freshwater microorganisms and biodiversity can contribute to the
development of bacterial resistance [3].
The aim of this study was to evaluate whether the exposure to a realistic environmental
concentration range of the fluoroquinolone antibiotic flumequine (including the 1 µg/L threshold)
may impact the bacterial community structure of freshwater biofilms and whether it can contribute
to the selection of bacterial resistance. Furthermore, it was explored how the bacterial community
and the resistome may change/recover after the cessation of exposure and whether it may
contribute to the spread of resistance genes to the surrounding environment.
A microcosm experiment was performed under laboratory conditions with freshwater biofilms
obtained from a pristine river and exposed to a concentration range of 0, 0.1, 1, 10 and 100 µg/L
of flumequine for one week. Afterwards, the biofilms were transferred into microcosms
containing clean river water and cultivated for another 7 days in order to assess post-exposure
biofilm changes and potential recovery. The parameters assessed for this project were
microbiome, resistome from biofilms and planktonic bacteria present in the river water, as well
as colony forming units (CFUs) from suspended biofilms grown on selective agar with and
without antibiotics. The microbiome was evaluated by 16S rRNA sequencing performed on
illumina Mi-Seq. Resistome analyses was performed by high-throughput qPCR assays covering
93 antimicrobial resistance genes (ARGs) and other mobile genetic elements.
Preliminary results for resistome analysis indicate a change in the relative abundance of resistance
gene classes in relation to the concentration of antibiotics (with effects occurring at 0.1 µg/L).
Conversely, the CFUs do not show a clear response pattern related to the increasing antibiotic
exposure concentration. Data analysis is ongoing in order to characterize the resistome and
microbiome in response to the exposure to antibiotics in the various concentrations, and postexposure recovery. In addition, we aim to determine NOECs (No Observed Effect
Concentrations) for each of the evaluated endpoints.
References
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EVAL-FARMS: Evaluating the Threat of Antimicrobial Resistance in
Agricultural Manures and Slurries
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We report results from a highly interdisciplinary study on the risk of antimicrobial resistance
(AMR) in the slurry tank of a dairy farm in the East Midlands, UK. The farm has ~200 high
yielding Holstein cows in an indoor system producing ~2M litres of milk per year. It is served by
a 3M L slurry tank, with slurry spread on surrounding fields as organic fertilizer. To assess AMR,
we have taken microbial samples from the tank over a 9 month period, during which the tank was
filled and emptied several times, which have been analyzed with metagenomics and phenotype
assays; we have undertaken studies on mini slurry tanks under controlled conditions with added
antimicrobials in a factorial design, in which we have monitored the changing microbiology and
antibiotic concentrations; we have undertaken social anthropology of the farmers, vetinarians and
research scientists; and we have developed a mathematical model for spread of resistance. We
have shown that the levels of resistance, both phenotypically and metagenomically, in the tank,
while substantial, are stable during the time period, suggesting that little selection for resistance
is occurring, despite the high levels of antimicrobials present. These experimental results are
consistent with mathematical models for section of resistance under these circumstances. The
mini slurry tank experiments have shown a decline of E. coli cells, that suggest that the stability
of the main tank is due to the continuous input of fresh faecal material from the cattle barn. Further,
metagenomics assemblies have indicated that species other than E. coli are important in
harbouring mobilizeable resistance genes. These data together have informed a mathematical
model that shows that secondary storage of slurry, receiving fresh slurry in one tank, but only
spreading from a second tank, would lead to considerable reductions in spreading of multi-drug
resistant E. coli onto soil. We conclude that while risks associated with E. coli may be mitigated
through storage, further consideration of resistance bearing species from other bacterial genera
likely to survive in soil, that could act as environmental reservoirs of resistance, is important in
considering the risks associated with manure and slurry from animal production.
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Livestock-associated Staphylococcus aureus CC9: Population structure and
evidence of transmission between pigs raised on industrial hog operations and
humans in North Carolina, USA.
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Introduction: Livestock-associated (LA-) S. aureus clonal complex (CC) 398 predominates in
Europe, whereas LA-S. aureus CC9 has emerged as an important lineage in Asia and the USA.
While whole genome sequence analysis (WGSA) provided robust evidence of the population
structure and transmission dynamics of LA-methicillin (LA-MRSA) and LA-multidrug-resistant
(LA-MDRSA) S. aureus CC398 between pigs and humans in Europe, other LA-S. aureus strains,
particularly CC9, remain poorly characterized. Objective: To evaluate the population structure
and transmission dynamics of LA-S. aureus CC9 in industrial hog operation (IHO) pigs and
individuals who work in or live near IHOs. Methods: LA-S. aureus CC9 collected from IHO
pigs, IHO workers, adult and child (7-17 years) household contacts of IHO workers, and
community referent (CR) adults and their child household contacts (households with no known
exposure to livestock) living in the top 10 hog-producing counties in North Carolina (NC), USA,
between 2013-2017, were prepared for sequencing. Along with whole genome sequence data from
32 LA-S. aureus CC9 isolates representing an international collection, a total of 81 LA-S. aureus
CC9 were subjected to bioinformatic analyses. Transmission clusters, defined as IHO pig and
human LA-S. aureus CC9 isolates separated by 42 or fewer SNPs, were identified. Results:
Phylogenetic analysis demonstrated three major lineages of geographically restricted LA-S.
aureus CC9, of which a single lineage contained 100% of the NC LA-S. aureus CC9 isolates
(Lineage III). High-resolution phylogenetic and genotyping analysis of Lineage III isolates
revealed multiple distinct sub-lineages of LA-S. aureus CC9, two of which contained transmission
clusters with a high degree of phylogenetic relatedness between IHO pig and human isolates.
Transmission cluster isolates carried a statistically significantly higher number of acquired
antimicrobial resistance (AMR) genes compared to non-transmission cluster isolates (β: 2.13;
95% confidence interval: 1.31, 2.95), and were enriched with a MDRSA phenotype (p< .05, χ2
exact test). Conclusions: This study suggests that LA-S. aureus CC9 isolates from humans and
IHO pigs in NC originate from a common pool, and provides evidence of transmission of LA-S.
aureus CC9, including LA-MDRSA, between IHO pigs, IHO workers, and community referent
adults with no known exposure to livestock in a region in the USA with intensive hog production.
It is possible that antimicrobial use in IHO pigs or humans have played a role in the clonal
expansion of LA-S. aureus CC9 in the USA.
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Characterisation of the metagenome of the caecum of broiler chickens
Sarah DELANEY1,2, Brian FAY2, Aoife CORRIGAN2, Richard MURPHY2 and Fiona
WALSH1
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Antimicrobial Resistance & Microbiome Research Group, Maynooth University, Maynooth, Co. Kildare, Ireland
2
Alltech, Sarney, Summerhill Road, Dunboyne, Co. Meath, Ireland

Antibiotic resistance is a major threat to both human and animal health. Antibiotics are used
extensively in agriculture as therapeutics, and in some countries, for prophylaxis and as growth
promotors. Alarmingly, there is a potential resistance transmission pathway from animals to
humans through food. We analysed the metagenome of sixteen broiler chickens, which are raised
for meat production. DNA was extracted from caecal samples taken at days 27 and 34 post-hatch
from broilers, half of which had their diets supplemented with a mannan rich fraction. Broilers
were not administered antibiotics in the study. Paired end sequencing was performed using an
Illumina HiSeq 4000. The data was analysed by MGnify to generate taxonomic read files. The
microbiome was analysed using Calypso software and the antibiotic resistance genes (ARGs)
identified using the DeepARG deep learning model. The main phyla detected in all samples were
Firmicutes and Bacteroidetes. Clostridia was the most abundant class detected and Clostridiales
the most abundant order. Faecalibacterium, Lactobacillus and Bacteroides were the most
abundant genuses detected, which are common in the broiler caecal microbiome. Principle
component analysis showed that OTUs from days 27 and 34 clustered together. Rarefaction
analysis confirmed that a sufficient sequencing depth was obtained. The greatest proportions of
ARGs present comprised of tetracycline, MLSB, glycopeptide and aminoglycoside classes.
Further analysis of the sequencing data will allow for full comparison of the resistomes between
treatment groups. The antibiotic resistance residues in food animals may have the potential to
disseminate antibiotic resistance to the human community via the food chain.

Fig 1. Relative abundance of phyla detected in broiler caecal microbiome
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Background and objectives: The predominant extended-spectrum β-lactamase (ESBL) gene
among German Escherichia coli isolates from diseased animals is blaCTX-M-1 [1]. This study
focused on the sequence analysis of blaCTX-M-1 gene regions found on different plasmid types of
E. coli originating from diseased food-producing animals.
Materials and methods: The German national resistance monitoring program GERM-Vet
collected a total of 7,810 E. coli isolates from diseased cattle (n=3,188), pigs (n=1,834) and
poultry (n=2,788) between 2008 and 2015. In 352 E. coli isolates (cattle n=253, pigs n=84, poultry
n=15) the presence of the gene blaCTX-M-1 was confirmed by PCR and sequencing [2]. A subset of
49 isolates was subjected to plasmid transfer experiments and whole genome sequencing using
the Illumina MiSeq platform. The transformed plasmids were characterized by replicon typing,
antimicrobial susceptibility testing of the transformants and PCR assays for the detection of colocated resistance genes.
Results: The 49 plasmids belonged to incompatibility groups IncN (n=19), IncI1 (n=13), IncFII
(n=5), IncF (n=5), IncB/O (n=3) and IncY (n=1), two were positive for the replicons FII and FIB
or I1 and FIA, respectively, and one plasmid was non-typeable. On the IncN, IncFII, and most
IncF plasmids, as well as the IncY and the non-typeable plasmid, an ISEcp1, truncated by IS26,
was detected upstream of blaCTX-M-1. Downstream of blaCTX-M-1, a Δmrx-mph(A) cluster was
identified, followed by IS26 at 45 bp, 21 bp or 3 bp downstream of mph(A). Differently, on one
plasmid the IS26 truncated the mph(A) gene. On most of the IncI1 plasmids, blaCTX-M-1 was
associated with ISEcp1 bracketed by direct repeats AAAAA or TTATA, respectively. On one
IncI1 plasmid ISEcp1 was not flanked by direct repeats and on another an IS element belonging
to the IS5 family was detected downstream of blaCTX-M-1. A complete ISEcp1 was detected on one
IncB/O plasmid; on the other two plasmids, a fragment of ISEcp1 was identified upstream of
blaCTX-M-1 while downstream Δmrx-mph(A) clusters were identified of which one mph(A) gene
was truncated by IS26. Twenty-seven plasmids carried no co-located resistance genes and
belonged mainly to IncN (n=18). Commonly detected co-located resistance genes were sul2
(n=13), aac(3)-IVa (n=8) and tet(A) (n=4), which confer resistance to sulfonamides,
apramycin/gentamicin or tetracycline, respectively.
Conclusions: IncN, IncI1 and IncF plasmids play an important role in the dissemination of blaCTXM-1 genes among E. coli from diseased animals in Germany. The blaCTX-M-1 gene regions were
diverse, but similar among the different plasmid families. Moreover, the co-located resistance
genes may facilitate the spread and persistence of blaCTX-M-1-carrying plasmids.
References
[1] A.K. Schink, K. Kadlec, H. Kaspar, J. Mankertz, S. Schwarz (2013). J Antimicrob Chemother 68:1741-1749.
[2] G.B. Michael, H. Kaspar, A.K. Siqueira, E. de Freitas Costa, L.G. Corbellini, K. Kadlec, S. Schwarz (2017). Vet
Microbiol 200:142-150.
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Background and objectives: To characterize an MDR blaIMP-4-harbouring plasmid from
Enterobacter cloacae EC62 of swine origin in China.
Materials and methods: Plasmid pIMP-4-EC62 from E. cloacae EC62 was transferred by
conjugation via filter mating into Escherichia coli J53. Plasmid DNA was extracted from an E.
coli J53 transconjugant and sequenced using singlemolecule real-time (SMRT) technology. MIC
values for both the isolate EC62 and the transconjugant were determined using the broth
microdilution and agar dilution methods. Plasmid stability in both the isolate EC62 and the
transconjugant was assessed through a series of passages on antibiotic-free media. [1]
Results: Plasmid pIMP-4-EC62 is 314,351 bp in length, encodes 369 predicted proteins and
harbours a novel class 1 integron carrying blaIMP-4 and a group II intron. The blaIMP-4-bearing
plasmid belongs to the IncHI2/ST1 incompatibility group. Sequence analysis showed that
pIMP-4-EC62 carries four MDR regions and several gene clusters encoding heavy metal
resistance. Plasmid pIMP-4-EC62 was stably maintained in both the E. cloacae EC62 isolate
and the transconjugant E. coli J53-pIMP-4-EC62 in the absence of selective pressure.
Conclusions: pIMP-4-EC62 represents the first fully sequenced IncHI2-type blaIMP-4harbouring plasmid from E. cloacae in China. Co-location of blaIMP-4 with other resistance
genes on an MDR plasmid is likely to further accelerate the dissemination of blaIMP-4 by coselection among bacteria from humans, animals and the environment under the selective
pressure of other antimicrobial agents, heavy metals and disinfectants.

Fig. 1. Schematic map of pIMP-4-EC62
References
[1] P.L. Ho, Y.Y. Cheung, W.U.Lo, Z. Li, K.H. Chow, et al. (2013). Curr Microbiol 67:493-498.

Page 102

PALAIS DES CONGRÈS TOURS FRANCE

Whole-genome comparative analysis of porcine MRSA ST9 and ST398
isolated in China and Germany
Xing JI1, Andrea T. FEßLER2, Henrike KRÜGER2, Zhangqi SHEN1, Shaolin WANG1, Yang
WANG1, Stefan SCHWARZ1,2, Congming WU1
1

Beijing Advanced Innovation Center for Food Nutrition and Human Health, College of Veterinary Medicine,
China Agricultural University, Beijing, China.
2
Institute of Microbiology and Epizootics, Centre for Infection Medicine, Department of Veterinary Medicine,
Freie Universität Berlin, Berlin, Germany.

Background and objectives: The pig-associated methicillin-resistant Staphylococcus aureus
(MRSA) sequence types ST398 and ST9 were predominant in Europe and Asia, respectively, and
the reasons for this are not clear yet [1]. Differences in the accessory genome (including mobile
genetic elements, MGEs) and differences in the core genome between ST9 and ST398 isolates
may play an important role in the prevalence and evolution of MRSA [2].
Methods: A total of 31 representative strains of porcine MRSA ST398 and ST9 isolated from
Germany and China, were investigated by whole genome sequencing and subsequent comparisons
of core and accessory genomes.
Results: MRSA ST9 strains from China (n=10) and Germany (n=8) belong to two phylogenetic
clusters, ST9-MRSA-t899-XII and ST9-MRSA-t1430-IV, respectively. Except for one Chinese
ST398-MRSA-t571 strain belonging to a single clade, all ST398 strains (1 from China and 11
from Germany) belong to the cluster of ST398-MRSA-t011/t034-Vc. All Chinese ST9 (n=10) and
ST398 (n=2) MRSA strains harboured a resistance gene cluster aacA-aphD-erm(C)/(T)-tet(L)spw-lsa(E)-lnu(B)-aadD and the fexA gene. All 13 ST398 MRSA carried a unique tet(M) gene,
while the eight German ST9 MRSA carried the lowest number of resistance genes. In terms of
virulence genes, all 18 ST9 MRSA harboured an enterotoxin gene cluster (egc) located in the
genomic island vSaβ. However, all 13 ST398 MRSA lacked the egc cluster, but carried a hysA
gene embedded in a truncated vSaβ. Most of the ST9 and ST398 MRSA strains harboured another
genomic island vSaα, which included the von Willebrand-binding protein encoding-gene vwb and
the immune evasion gene scn. Neither resistance genes, nor virulence genes were identified in
prophages of all tested ST9 and ST398 MRSA strains. In addition, several unique chromosomal
genes were found, which may be associated with colonization and adaptation, such as the cellwall-anchored protein gene sasK only in ST9 MRSA, or the collagen binding protein gene cna
only in ST398 MRSA.
Conclusions: ST9 MRSA in China and Germany may originate from different ancestors. The use
of antibiotics may have played an important role in the development and selection of MRSA. In
addition to differences in MGEs, differences in chromosomal genes are likely to play a central role
in the pathogenicity and adaptability of MRSA.
References
[1] Chuang YY, Huang YC. (2015). Int J Antimicrob Agents 45: 334-40
[2] Lakhundi S, Zhang K. (2018). Clin Microbiol Rev 31(4), pii: e00020-18.
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Emergence of plasmid-mediated oxazolidinone resistance gene poxtA from
CC17 Enterococcus faecium of pig origin
Jinhu Huang1, Mengli Wang1 and Liping Wang1*
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Objectives: To characterize the phenicol-oxazolidinone-tetracycline resistance gene poxtA on
broad-host-range multiresistance plasmids from CC17 Enterococcus faecium of pig origin.
Methods: The phenicol-oxazolidinone resistant E. faecium isolates with unidentified mechanisms
were screened for the presence of the poxtA. Transferability of poxtA was examined by
conjugation. Multi-locus sequence types and resistance genotypes were analyzed from whole
genome sequences. The poxtA-carrying transconjugants were completely sequenced and analyzed
using MinION long-read sequencing technology.
Results: Two individual E. faecium strains of CC17, QF25-1 and WZ27-2, were positive for
poxtA. The poxtA gene was located on broad-host-range plasmids of Inc18 family, pC25-1 and
pC27-2, with a size of 67,678 bp and 62,386 bp, respectively. Transfer of the poxtA-bearing
plasmids, which also carried dfrG, aadE, Δsat4, aph(3')-III, erm(B), tet(M), tet(L), and fexB, to
Enterococcus faecalis JH2-2 exhibited resistance or elevated MIC values to corresponding
antimicrobials. The calculated transfer frequency was ~0.87×10−8 and ~1.03×10−7 per recipient to
plasmids pC25-1 and pC27-2, respectively. Analysis of the genetic context revealed that the poxtA
was flanked by two copies of IS1216E ISs, accordingly, the circular intermediate of IS1216EpoxtA was detected.
Conclusions: We report the emergence of plasmid-mediated oxazolidinone resistance gene poxtA
in E. faecium from different farms of China. Comparison of the genetic environment of poxtA
suggest that IS1216E elements play an important role in the dissemination of poxtA among these
bacterial chromosomes and plasmids. The co-occurrence of poxtA and additional resistance genes
on the broad-host-range plasmids of Inc18 family may lead to the co-selection of poxtA,
contributing to its persistence and accelerating its dissemination.
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Aim: To study the origin and the dynamic process of evolution genetic evolution of ST9
Methicillin-Resistant S. aureus (MRSA) in China.
Method: A total of 105 pig-associated ST9 MRSA collected from eight Chinese provinces during
2009-2016 were sequenced using illumina X and Pac Bio platforms. Paired-end reads were
mapped onto the reference sequence using the Burrows-Wheeler Aligner (BWA) [1]. To estimate
the time of most recent common ancestor (TMRCA), all of the 105 isolates were used to
reconstruct the phylogenetic trees. Bayesian ancestor reconstruction analysis was performed with
the BEAST v1.8.4 package [2]. We compared the results of different models. A strict,
exponential-uncorrelated relaxed clock and lognormal-uncorrelated relaxed clock with constant
size coalescent was used respectively.
Result: The phylogenetic tree showed significant differences in the core genome. MRSA isolates
in different regions have evolved from the same ancestor and developed before 2009. We have
determined a time frame for the emergence and expansion of CC9 pandemics based on Bayesian
analysis, and the TMRCA for the MRSA ST9 was estimated to be 1989. The mean nucleotide
substitution within CC9 was 2.4×10-6 per site per year (5.4 nucleotides per year per genome),
which varied negligibly depending on the clock model (Fig. 1).
Discussion: The MRSA ST9 isolates likely persisted in the pigs in China, accruing nucleotide
diversity over time within this isolate population. It is possible that a mixed population of ST9
strains, which could have originated from one or more pigs, may have been introduced to China
at 1989. This conclusion is of significant for exploring the genesis of the predominant clone of
LA-MRSA in China.
References
[1] Li H, Durbin R (2010). Fast and accurate long-read alignment with Burrows-Wheeler transform. Bioinformatics.
26:589–595
[2] Drummond AJ, Suchard MA, Xie D, Rambaut A (2012). Bayesian phylogenetics with BEAUti and the BEAST
1.7. Mol Biol Evol 29:1969–1973.

Fig. 1. The molecular clock conducted by bayesian
analysis
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Background: Carbapenems are critically important antibiotics used to treat infections caused by
multidrug-resistant Enterobacteriaceae (MDR-E) in humans. They are hardly used for veterinary
use, and resistance to this class of antibiotics is still rare in the veterinary setting. From August
2018 to January 2019, samples from five pets (one cat, four dogs) suffering from nosocomial
infections were sent to bacterial analysis. Here, we describe the resistance profile and genetic
characteristics of these MDR-E producing a carbapenemase in the veterinary setting in
Switzerland.
Material/methods: Isolates were isolated on sheep blood agar and identified by MALDI-TOF
MS. MIC of antibiotics was measured by microdilution using Sensititre microplates according to
the EUCAST guidelines and interpretation criteria. Reads obtained from both Illumina and
Oxford Nanopore technologies were assembled using Unicycler (v0.4.4). Genomic data were
analyzed using tools of the Center for Genomic Epidemiology (resistance genes, sequence type,
plasmids), ISfinder (mobile genetic elements), Kaptive (capsule), Pasteur Database (virulence
genes) and Seqsphere+ (cgMLST).
Results: Klebsiella pneumoniae was found in all samples, which were non-susceptible (µg/mL)
to chloramphenicol (64), ceftazidime (32-64), cefotaxime (8), ertapenem (>2), gentamicin (4-8),
ciprofloxacin (>8), tetracycline (2-4), trimethoprim (4) and sulfamethoxazole (>1024), but
susceptible to colistin (≤1) and tigecycline (0.5). The isolates belonged to ST11 and cgMLST
confirmed their high genetic relatedness. All isolates carried 2 plasmids, one being a 54-kb IncR
multidrug resistance plasmid (pMBR) carrying genes conferring resistance to fluoroquinoles
(aac(6')-Ib-cr, qnrB4), rifampicin (arr-3), β-lactams (blaDHA-1, blaOXA-1), chloramphenicol
(catB4), macrolides (mph(A)) and sulphonamides (sul1). The second plasmid (pMB-OXA48) was
a typical 63-kb IncL/M plasmid carrying only the carbapenemase gene blaOXA-48. Additional
genes conferring resistance to aminoglycosides (aadA2, aac(3)-IVa), β-lactams (blaSHV-11),
fluoroquinolones (oqxA, oqxB), fosfomycin (fosA) and sulphonamides (sul1, sul2) were on the
chromosome. All strains presented the virulence genes for type 3 pili and yersiniabactin.
Conclusions: This is the first report of a carbapenemase-producing K. pneumoniae associated
with hospitalization in pets in Switzerland. The isolates were extensively drug-resistant and
belonged to a clonal lineage frequently associated with nosocomial infections in humans.
Infection control measures are necessary in veterinary hospitals to avoid the dissemination of such
MDR-E to other animals, personnel and community.
Study was supported by grant n°1.18.10 from the Federal Food Safety and Veterinary Office FSVO and grant
n°177378 within the National Research Programme NRP72 (Swiss National Science Foundation).
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Background and Objectives: To investigate the presence and transferability of the poxtA gene,
and identify the genetic context of poxtA in two enterococcal plasmids from swine.
Materials and methods: MICs were determined by broth microdilution. A total of 114 porcine
enterococci with florfenicol MICs of ≥16 mg/L were screened for the presence of the poxtA gene
by PCR. Transferability of poxtA was investigated by conjugation and transformation. The poxtAcarrying plasmids were completely sequenced using the Illumina Miseq and PacBio RSII
platform. The presence of circular intermediates was examined by inverse PCR.
Results: The poxtA gene was present in 57.9% (66/114) of the florfenicol-resistant porcine
enterococci. Two poxtA-carrying plasmids, pE035 and pE076, were identified. The conjugative
121,524-bp plasmid pE035 carried poxtA and optrA along with the resistance genes erm(A),
erm(B), aac(A)-aph(D), lnu(G), fexB, dfrG, and bcrABDR. Three mobile elements, including a
mobile dfrG locus, a mobile bcrABDR locus, and an unconventional circularisable structure
containing aac(A)-aph(D) were located on this plasmid and all proved to be active by inverse
PCR. The nonconjugative 19,832-bp plasmid pE076 only carried poxtA and fexB. After transfer,
both the transconjugant and the transformant displayed elevated MICs to the respective
antimicrobial agents.
Conclusions: To the best of our knowledge, this is the first report of a co-location of the
oxazolidinone resistance genes poxtA and optrA on a conjugative multiresistance plasmid from a
porcine enterococci strain. In addition, the presence of three mobile elements in such a plasmid
will aid to the persistence and dissemination of poxtA and optrA among enterococci.
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Salmonella enterica serovar Heidelberg is the third most frequently isolated serovar in Canada
and is of particular interest due to its resistance to cephalosporin-class antimicrobials. Through
national surveillance of Canadian S. Heidelberg isolated from poultry sources and human
infections we previously demonstrated that human and animal derived isolates were genetically
similar (ST15), and that structurally similar IncI1 plasmids harbouring the blaCMY-2 gene were
predominantly responsible for cephalosporin-resistance. Here, we focus on the impact of a wellcharacterized and widely disseminated IncI1plasmid (p12-2460) on the core-physiology of a S.
Heidelberg isolated from Canadian national surveillance. The plasmid was transferred via
conjugation to a susceptible and previously whole-genome sequenced (WGS) S. Heidelberg
isolate (N13-01291). Illumina WGS was performed on the parent and transconjugant to monitor
genetic alteration introduced during conjugation. Growth curves were conducted in technical
triplicate over 24-30 hr periods under various conditions including growth at 37°C, 30°C, or 42°C
in Luria-Bertani (LB) broth, and growth at 37°C in M9 minimal media. Biofilm assays were
performed on the isogenic strain pairs and 18 other Heidelberg isolates with 24 hr growth in LB
and biofilms were quantified using 0.1% (w/v) crystal violet which was later solubilized with 30%
(v/v) acetic acid and read at 600 nm. For proteomic analysis, proteins were extracted from midlog phase cultures (OD600 ≈ 0.6) and trypsin digested overnight. The peptides were then labeled
with tandem mass tags, fractionated, and subjected to LC-MS/MS analysis. WGS analysis
revealed that the strain pairs were isogenic except for a lysine to arginine change in CpxA of the
transconjugant. Plasmid p12-2460 reduced the growth rate and maximum cell density under all
growth conditions tested, including minimal media, rich media, and different temperatures. The
biofilm assays showed that all 20 tested isolates were non-biofilm formers. In the presence of the
plasmid, 85 chromosomally-encoded proteins had a 2-fold or greater change in expression.
Upregulated chromosomal proteins included 3 from the Tol/Pal system which is involved in outer
membrane integrity, FliC which is involved in flagellar synthesis, and CheW which is involved
in the transmission of sensory signals from chemoreceptors to flagellar motors. The plasmid
protein YafB was the most highly expressed protein. A BLAST analysis of YafB indicated that it
belongs to the ProQ/FINO family and that it has a 98.5% amino acid identity to the chromosomal
ProQ protein from S. Typhimurium and identified 12 putative RNA-binding sites. Others have
shown that ProQ-upregulated proteins including FliC and CheW at the mRNA level, which is
consistent with our observation that FliC and CheW were upregulated in the presence of the
plasmid. The p12-2460 plasmid conferred a growth disadvantage in various conditions and caused
changes in chromosomally-encoded protein expression of the host. The observation of putative
RNA-binding sites on the YafB plasmid protein along with the homology to ProQ suggests that
this protein may have a role in the regulation of chromosomal genes. Additional work is required
to determine if the changes in chromosomal expression contributes to the success of this plasmid
in S. Heidelberg in animal, food, and human transmission.
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Background.
Extended-spectrum- -lactamases
(ESBL)
and
plasmid-mediated
cephalosporinases (pAmpC)-producing Enterobacteriaceae isolates are now reported worldwide
in humans, animals, and in the environment. We identified the determinants of resistance to βlactams and associated resistance genes as well as phylogenetic diversity of 52 ESBL/AmpC-βlactamase producing Enterobacteriaceae isolated from companion animals in Europe.
Materials/methods. The activity of at least 14 antibiotics, depending of the pathology, was tested
by broth microdilution against the CEESA ComPath II collection of Enterobacteriaceae isolates
(n=842) that were recovered during 2013-2014 from diseased and untreated dogs and cats. Isolates
with ampicillin or amoxicillin MIC ≥ 16 mg/L (EUCAST clinical breakpoints, n=242) were
further analyzed to determine cefotaxime (CTX) and ceftazidime (CAZ) MIC. Isolates with CTX
and/or CAZ MIC ≥ 1 mg/L (n=63) were selected, and their genomes were fully sequenced using
Illumina Technology. Genomic data were explored to identify the resistance determinants, the
plasmid incompatibility groups, and the multilocus sequence types (MLSTs). Plasmid location of
ESBL and AmpC-β-lactamase genes was evaluated for all isolates based on the co-localization of
resistance and plasmid incompatibility group genes on the same contig. Phylogenetic trees were
constructed using core-genome MLST.
Results. Of the 63 sequenced isolates, 52 isolates harboured an ESBL/AmpC gene. Eleven CTX
and/or CAZ non-wildtype isolates had neither ESBL nor AmpC gene. Among the 63 isolates, 44
(69.8%) were Escherichia coli, 11 (17.5%) were Klebsiella pneumoniae, and 8 (12.7%) were
Proteus mirabilis. Fifty one (80.9%) isolates originated from dogs and 12 (19.1%) from cats.
Isolates were sampled from urinary tract infections (n=36), skin and soft tissue infections (n=22)
and respiratory tract infections (n=5). Thirty-one isolates (31/52, 59.6%) carried blaESBL genes,
among which blaCTX-M-15 (n=11), blaCTX-M-14 (n=6), blaCTX-M-1 (n=5), blaCTX-M-2 (n=3), blaCTX-M27 (n=3), blaSHV-28 (n=4), blaSHV-12 (n=2), and blaVEB-6 (n=1). Four isolates of K. pneumoniae had
both blaCTX-M-15 and blaSHV-28. Twenty-one isolates (21/52, 40.4%) carried genes encoding
pAmpC, among which blaCMY-2 (n=19) and blaDHA-1 (n=2). Thirteen E. coli isolates harbored both
ESBL/AmpC determinants and plasmids of incompatibility groups IncIB (9/13), IncI1 (8/13), and
IncFII (6/13).
E. coli isolates clustered in 23 MLST types, including B2 virulent clones from humans such as
ST131 (n=5, incl. 1 isolate with blaCTX-M-15), ST405 (n=1), ST410 (n=1), ST362 (n=2).
K. pneumoniae isolates mostly clustered in 3 STs: ST11 (n=4), ST307 (n=3), and ST16 (n=2).
Phylogenetic analysis identified the spread of ST131 E coli blaCTX-M-27, and of ST307
K. pneumoniae harboring blaCTX-M-15 and blaSHV-28, and ST11 K. pneumoniae blaCTX-M-15.
Conclusions. We report here a low prevalence of ESBL/AmpC producing Enterobacteriaceae in
diseased cats and dogs. This EU survey confirmed also that companion animals can be infected
with epidemic multidrug resistant clones such as ST131 E. coli blaCTX-M-15 and K. pneumoniae
ST11 and ST307, also infecting humans.
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Dissection of the genetic basis of mcr-4/mcr-5 carrying Escherichia coli
isolates from food and livestock in Germany
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According to the recommendation of the WHO, colistin belongs to the highest priority critically
important antibiotics, which should be used only to treat severe human infections caused by
multidrug- and/or carbapenem-resistant Gram-negative bacteria. In 2017, Carattoli et al. and
Borowiak et al. simultaneously reported on the identification of two novel mobilizable colistin
resistance genes in Salmonella enterica serovar Typhimurium, designated mcr-4 and mcr-5,
respectively. In the National Reference Laboratory for Antimicrobial Resistances in Germany,
mcr-4 and mcr-5 carrying E. coli isolates from the German national monitoring program for
antimicrobial resistance in zoonotic agents from the food chain were subjected to whole genome
sequencing for determination of its genetic basis.
Molecular detection and typing of mobile colistin resistance genes among colistin-resistant E. coli
recovered between 2010 and 2017 was performed using multiplex PCR analysis according to
Rebelo et al. (2018). For genetic characterization whole genome sequencing using an Illumina
MiSeq-benchtop sequencer was conducted inhouse. Comprehensive bioinformatical analyses
were performed to identify and characterize the localization of the mcr-genes within the genomes
and the genetic variability of the isolates.
Out of 800 colistin-resistant E. coli, mcr-4 and mcr-5 was detected in 13 and three isolates,
respectively. Molecular analyses, whole genome sequencing and bioinformatics revealed that two
variants of mcr-4 (mcr-4.2 and mcr-4.3) and mcr-5 (mcr-5 and mcr-5.2) are prevalent in German
E. coli isolates. Overall, the isolates differ in their MLST-, sero- and fim-type but carry highly
conserved mcr-4 and mcr-5 plasmid prototypes that showed some variability in size and genetic
composition. Detailed information on the genetic features of the isolates and mcr-carrying
plasmids will be summarized.
Our findings indicate that the mobile colistin resistance genes mcr-4 and mcr-5 are located on
closely related plasmids that are non-self-transmissible. However, both mcr-genes are located in
transposable elements that might be disseminated by transposition to other mobile genetic
elements. Up to now, the impact of these resistance genes is unknown. Further information on the
stability of mcr-4/mcr-5 harboring genetic elements, their transmission routes as well as their
distribution in livestock, food products and humans are needed to assess the potential impact of
this resistance determinant on public health.
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Characterization of new VIM-1-producing Escherichia coli from German pig
production
Natalie PAULY1, Jens Andre HAMMERL1, Mirjam GROBBEL1, Annemarie KÄSBOHRER1,2,
Bernd-Alois TENHAGEN1, Alexandra IRRGANG1
1

German Federal Institute for Risk Assessment, Department Biological Safety, Berlin, Germany
2
Institute for Veterinary Public Health, University of Veterinary Medicine, Vienna, Austria

Carbapenems are critically important broad-spectrum beta-lactam antimicrobials. Resistance to
carbapenems is often mediated by degrading enzymes (carbapenemases). As the genetic
information for these enzymes is mostly encoded on mobile genetic elements, horizontal and
vertical transmission between bacterial strains is possible.
Within an extended specific monitoring on carbapenemase-producing Enterobacteriaceae (CPE)
in food animal production according to commission implementing decision 2013/652/EU, one E.
coli isolate (17-AB01027) was detected in feces of fattening pigs at farm. A second E. coli isolate
(17-AB02384) was found in caecum content of a fattening pig at slaughter within the monitoring
on ESBL/AmpC-producing E. coli. The genotypes of both isolates were confirmed by PCR
sequencing and characterized by PFGE, Southern Blot hybridization, MLST and NGS.
Both isolates produced a VIM-1 carbapenemase. While the isolate 17-AB01027 was a ST48 E.
coli of phylogenetic group A, isolate 17-AB02384 belonged to ST7593 and phylogenetic group
B1. Both strains differed substantially from each other and previously described isolates by PFGE
analysis and wgMLST. Nevertheless, blaVIM-1 was located on IncHI1 plasmid in each of the
isolates. Both plasmids were conjugative and highly similar to the Salmonella Infantis VIM-1
plasmid pSE15-SA01028 (CP026661.1) and the E. coli plasmid pRH-R178 (HG530658.1). An
additional blaSHV-12 gene was located on the plasmid of the strain 17-AB02384.
The results of the characterization of the isolates suggest horizontal spread of the VIM-1
carbapenemase within the German pig production and a high transmission potential via plasmid
conjugation.
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Crystal structure of the multidrug resistance regulator RamR complexed
with bile acids
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During infection, Salmonella senses and responds to harsh environments within the host.
Persistence in a bile-rich environment is important for Salmonella to infect the small intestine or
gallbladder and the multidrug efflux system AcrAB-TolC is required for bile resistance. The genes
encoding this system are mainly regulated by the ramRA locus, which is composed of the
divergently transcribed ramA and ramR genes. The acrAB and tolC genes are transcriptionally
activated by RamA, whose encoding gene is itself transcriptionally repressed by RamR. RamR
recognizes multiple drugs; however, the identity of the environmental signals to which it responds
is unclear. Here, we describe the crystal structures of RamR in complexes with bile components,
including cholic acid and chenodeoxycholic acid, determined at resolutions of 2.0 and 1.8 Å,
respectively. Both cholic and chenodeoxycholic acids form four hydrogen bonds with Tyr59,
Thr85, Ser137 and Asp152 of RamR, instead of π–π interactions with Phe155, a residue that is
important for the recognition of multiple compounds including berberine, crystal violet,
dequalinium, ethidium bromide and rhodamine 6G. Binding of these compounds to RamR reduces
its DNA-binding affinity, resulting in the increased transcription of ramA and acrAB-tolC. Our
results reveal that Salmonella senses bile acid components through RamR and then upregulates
the expression of RamA, which can lead to induction of acrAB-tolC expression with resulting
tolerance to bile-rich environments.

Fig. 1. Full structure of the RamR dimer with two molecules of cholic or chenodeoxycholic acid. Both compounds
were completely enclosed in the binding pocket of RamR. Both cholic and chenodeoxycholic acids form four
hydrogen bounds with RamR
References
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Antibiotic resistance is a major public health problem notably for Gram-negative bacteria.
Mechanisms and epidemiology of resistance to expanded-spectrum cephalosporins (ESC) are well
known for common Enterobacteriacae, like Escherichia coli or Klebsiella pneumoniae but little
is known for Morganellaceae spp. Present in water, soil or inside the intestinal tract of humans
and animals, Morganellaceae spp. are opportunistic pathogens mainly responsible for urinary
tract infections. Since the last decade, there is an increase of reports describing multidrug-resistant
(MDR) Proteus mirabilis strains harbouring mobile genetic elements with extended-spectrum-βlactamase (ESBL) and/or AmpC cephalosporinase resistance genes. Several MDR Integrative
Conjugative Elements (ICE) or Integrative Mobilizable Elements (IME) belonging to the SXT or
SGI1 families have been described. The objective here was to determine, thanks to NGS, the
genetic determinants of resistance and the molecular supports of ESC-resistant Morganellaceae
isolates from animal and human origins.
Sixty-six ESC-resistant Morganellaceae strains (mainly P. mirabilis and Morganella morganii
isolated from humans and animals in France, Bulgaria, Taiwan between 1996 and 2017) were
whole-genome sequenced using the IonProton® system to investigate the resistome and presence
of mobile genetic elements. Conjugation assays were performed to assess the horizontal transfer
of ESBL and/or AmpC resistance genes.
All ESC-resistant Morganellaceae isolates were MDR with additional resistances to other
antibiotic families (>3 antibiotic classes). blaCTX-M genes were mainly encountered among human
isolates (25/48). The AmpC-encoding gene blaCMY-2 and the ESBL-encoding gene blaVEB-6 were
found more frequent in animal isolates than in human isolates (14/18 vs 10/48, respectively).
Chromosomally-integrated mobile genetic elements SXT and SGI1 carried the blaCMY-2 and
blaVEB-6 genes, respectively. Both elements co-occurred in a few isolates. Broad host range IncCrelated mobile elements (plasmids and SXT) were almost the only self-transferable elements by
conjugation.
The mobile genetic supports of ESBL and AmpC resistance genes appeared different between
Morganellaceae isolates of human and animal origins, as well as different from that of
Enterobacteriaceae such as E. coli in which conjugative plasmids carrying blaCTX-M genes are
mainly responsible for ESC resistance. These results need to be confirmed on larger collections
of Morganellaceae isolates of different sources.

Page 113

Poster Abstracts

P52

Poster Abstracts

PALAIS DES CONGRÈS TOURS FRANCE

P53
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Salmonella Isolates Collected Along the Food Chain in Honduras
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Objective Statement: To understand the phenotypic and genotypic antimicrobial resistance
patterns of Salmonella isolated along the food chain in Honduras.
Materials and Methods: A total of 112 isolates recollected from Honduras were confirmed
Salmonella and characterized using whole genome sequencing (WGS). The isolates were
recollected from various sources including beef cattle during harvesting (n=60), poultry (n=26),
retail meat (n=23), and produce (n=3). Antimicrobial resistance susceptibility (ARS) analysis was
conducted following the National Antimicrobial Resistance Monitoring System (NARMS)
protocol [1]. Results were categorized as susceptible, intermediate or resistant according to
Clinical and Laboratory Standards Institute breakpoints when available, or from NARMS
program. Short read sequencing data were generated by sequencing-by-synthesis technology
(MiSeq, Illumina). WGS data were analyzed using Center for Genomic Epidemiology pipelines,
including SeqSero for serotype determination, ResFinder 3.1 for identification of acquired
resistance genes and chromosomal gene mutations leading to antimicrobial resistance [2].
Results: A total of 20 serotypes were recovered, which overall, 46% (52/112) of the isolates were
pansusceptible. Resistances to most drugs were mediated by several common resistance
determinants such as resistance to tetracycline by tetA/B (23/27). Broad spectrum of resistance to
ß-lactams was mediated by blaCMY-2 (6/13), a ß-lactamase type AmpC. A total of 5 (83%) of the
6 isolates containing blaCMY-2 had present Inc A/C2 plasmid which mediate multi drug resistance
(MDR) to ampicillin, chloramphenicol, third generation cephalosporins, amoxicillin,
sulfonamide, streptomycin and tetracycline which correlates with ARS analysis. Resistance to
trimethoprim-sulfamethoxazole was mediated by dfrA12 (6/18) or dfrA1 (11/18). Genes qnrB19
(11/32) and floR (3/32) mediated resistance to fluoroquinoles like ciprofloxacin and nalidixic acid.
The transferable quinolone resistant gene, qnrB19, was present on isolates that phenotypically
had resistance to nalidixic acid mutating the bacteria to resist or having intermediate resistance to
ciprofloxacin. Belonging to Aminoglycoside resistance, including gentamicin and streptomycin
was mediated by aph(3”)-lb and aph(6)-ld (19/36) and aadA2 (8/36). All Salmonella isolates
exhibited susceptibility to sulfisoxazole despite the presence of sul1, sul2, and sul3 genes within
3, 6, and 6 isolates respectively. A total of 13% (15/112) of Salmonella isolate were MDR,
defined as phenotypic resistance to three or more classes of antibiotics. Higher MDR was found
in retail beef trim isolates 73% (11/15) followed by beef cattle during harvesting 27% (4/15).
Retail meat showed resistance to azithromycin, cefoxitin, ceftiofur, ceftriaxone and ciprofloxacin
(13, 52, 26, 22 and 30% respectively), common antibiotics for human treatments, concerning
public health.
Conclusion: Not addressing antimicrobial resistance problem in Honduras may allow Salmonella
to resist to antibiotics. Human cross contamination on wet market can be the cause of higher MDR
on retail meat samples.
References
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Changes in the epidemiological characteristics of antibiotic resistance genes
and plasmids in Escherichia coli from a chicken farm during 2013-2018
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Background: Plasmid-mediated multidrug resistant genes identified in bacterial of food
producing animal source have been regarded as a potential threat for human health. This study
aimed to explore the change in the diversity and abundance of antibiotic resistance genes and the
plasmids after the implementation of antimicrobial use policy in animal feed in China1.
Method: 552 E. coli strains isolated from a broiler farm in Anhui province, China from 2013 to
2018 were tested for the presence of blaCTX-M-1G, blaCTX-M-9G, fosA3, rmtB and mcr-1 genes by
PCR. The epidemic plasmid incompatibility types, IncHI2, IncFⅡ, IncI2, IncI1 and IncX4, which
has been identified as the dominated carriers for the transmission of these antibiotic resistance
genes were also screened.
Result: Among the tested E. coli, the occurrence of blaCTX-M-1G, blaCTX-M-9G, mcr-1, fosA3 and
rmtB were 44.75% (n=248), 49.28% (n=272), 35.68%(n=197), 33.51% (n=185) and 20.83%
(n=115), respectively. During these 6 years, the rate of blaCTX-M-positive E. coli fluctuated
between 70% and 94%, and that of rmtB-positive strains gradually increased from 6.59% to
33.85%. The detection rate of fosA3 gene decreased from 83.52% in 2013 to 21.87% in 2018.
Of note, the proportion of mcr-1 gene decreased significantly (from 45.57% to 13.85%) in the
period of 2016 to 2018, when colistin was banned as growth promoter in animal feed by the
ministry of agriculture of China since April 2017.
The prevalence of the IncHI2, IncFⅡ, IncI2, IncI1 and IncX4 plasmids were 32.07% (n=177),
26.63% (n=147), 26.27% (n=145), 6.25% (n=36) and 2.54% (n=14), respectively. From 2013 to
2018, the detection rates of IncHI2 fluctuated between 16.87% and 46.67%, but a sharply
decrease was observed during 2017~2018. The rates of IncFⅡ increased annually from 8.70%
(2013) to 43.18% (2018). However, the detection rates of IncI2 decreased from 47.25% to
19.23%, especially in 2016-2018 (from 34.18%% to 19.23%). The rate of IncX4 plasmid was
high in 2015 (9.38%), and decreased to zero in 2018. IncHI2, IncI2 and IncX4 plasmids were
primarily responsible for mcr-1 dissemination in this farm.
Conclusion: A significant downward trend observed in the prevalence of mcr-1 and IncHI2,
IncI2 as well as IncX4 plasmids during 2016-2018 might related to the prohibition on colistin
use as growth promoter in animal feed in China.
References
[1] Walsh, T. R., and Wu, Y. (2016). China bans colistin as a feed additive for animals. Lancet Infect. Dis. 16, 1102–
1103.
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The methicillin resistance gene mecB has been so far associated with Macrococcus caseolyticus
and M. canis isolated from animals (1). Recently, a mecB-containing plasmid (pSAWWU4229_1)
was reported for the first time in a Staphylococcus aureus strain isolated during routine nasal
MRSA screening of a cardiology inpatient suggesting a possible gene transfer between the two
genera (2). One M. canis (strain KM0218) from a dog with otitis externa described by Cotting et
al (1) was found to contain similar antimicrobial resistance genes as those found on plasmid
pSAWWU4229_1 and was suspected to also contain a similar multidrug resistance plasmid.
The genome of M. canis KM0218 was completely sequenced using both Illumina MiSeq and
PacBio Sequel technologies and revealed the presence of a large plasmid containing mecB. The
81,325-bp plasmid pKM0218 contained 74 orfs including genes for plasmid replication (repA),
restriction modification, DNA transposition and antimicrobial resistance. In addition to the mecB
gene, pKM0218 contained a resistance gene cluster including aac(6΄)-aph(2΄΄) (gentamicinkanamycin-tobramycin resistance), Δant(6)-Ia, sat4 (streptothricin resistance), aph(3΄)-IIIa
(kanamycin resistance), erm(B) (macrolide-lincosamide-streptogramin B resistance), a second
complete ant(6)-Ia (streptomycin resistance) and tet(S) (tetracycline resistance). Plasmid
pKM0218 was almost identical to the mecB-containing plasmid pSAWWU4229_1 of S. aureus
(2). Both plasmids pKM0218 and pSAWWU4229_1 carried an identical resistance gene cluster
and differed mainly by two additional inserts in pSAWWU4229_1 associated with transposases.
The remaining sequences of the plasmids (81,323 bp/81,325 bp) varied only in two indels and 32
point mutations, 30 of the point mutations were located within the mecR1m-mecB genes and
resulted from recombination with a variant mecB operon located in the chromosome of KM0218.
The data presented here indicate that mecB-containing plasmids originate from a common
backbone, have a potential to evolve and acquire additional resistance genes. It also suggests a
pKM0218-like plasmid as potential precursor of pSAWWU4229_1 and gives further evidence for
plasmid exchange between Macrococcus and Staphylococcus.
This study was financed by the Swiss Federal Food Safety and Veterinary Office [FSVO Grant no. 1.18.10].
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Background and objectives
Vibrio parahaemolyticus is a common seafood foodborne pathogen. This species lives in tropical
and warm seas and, with the global warming, this bacterium is an emerging risk in northern seas.
Moreover, the genus Vibrio is known to have a genetic plasticity (integrons, plasmids, genomic
islands), so Vibrio species, including V. parahaemolyticus, could be a reservoir of antibiotic
resistant genes [1]. However, few data on antimicrobial resistance epidemiology for V.
parahaemolyticus exist and there is no epidemiological cut off value (ECOFF) to detect acquire
resistance for this species. The aim of this study was the determination of a resistant population
among a collection of V. parahaemolyticus.
Material and methods
The antimicrobial susceptibility of 384 V. parahaemolyticus strains isolated from seafood was
tested by disk diffusion, following the CLSI standard. Fifteen antibiotics belonging to critical
families, according to the WHO, were tested: β-lactams, quinolones, macrolides,
aminoglycosides, tetracyclines, folate pathway inhibitors and phenicols. Experimental
epidemiological cut off value (COWT) were calculated according to the NRI method [2].
Results
Epidemiological cut-off values were set for 14 antibiotics. No COWT could be calculated for
ampicillin. For all other antibiotics tested, except for gentamicin, a non-WT population were
detected. It represented 16 % of the collection. The most important non-WT population was for
tetracycline (56 strains). Moreover, 2.5 % strains were non-WT to more than 3 antibiotic classes,
they could be classified multidrug resistant (MDR). Among these MDR strains, one was non-WT
to 5 classes.
Discussion
COWT were calculated for 14 on 15 antibiotics tested and non-WT population could be, in vitro,
discriminated from the wild type population. The majority of V. parahaemolyticus strains
belonged to the wild type population. However, acquired resistances to all antibiotic classes tested
were detected and 2.5 % strains acquired a multidrug resistant phenotype. Ingested with seafood,
there could be a risk of transferring resistance from the food to the consumer digestive flora.
Monitoring on antimicrobial resistance of bacteria like V. parahaemolyticus, could be useful to
evaluate the reservoir of antibiotic resistance genes in seafood microflora.
References:
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Antimicrobials are commonly used in veterinary medicine for therapeutic and prophylactic
purposes, but little is known about the frequency with which they are prescribed or the quantity
administered, especially in large animals. Furthermore, there are no standardized metrics for
characterizing antimicrobial use, which can lead to confusion when comparing antibiotic use
among different units (institution, clinical service, clinician). Because there is no gold standard
metric, the most comprehensive characterization of antibiotic use will be achieved using a variety
of metrics. The goal of this study was to characterize antibiotic use from 2013-2018 at a tertiary
care teaching hospital for large animals using different metrics, including novel ones. We found
that at least one antibiotic was prescribed in 42% of visits and that antibiotics were prescribed at
a rate of 919 animal-defined daily doses (ADDs) per 1,000 animal days. A median of 3.6 ADDs
and a mean of 2 different classes of antibiotic were prescribed per patient, and penicillin was the
most commonly used antibiotic. The prescription diversity, a metric accounting for richness and
evenness (similarity of frequencies) of different types of antibiotics, was 0.82, with 1.0
representing maximal richness and diversity. Antibiotic use differed significantly by species and
by organ system affected for all metrics, though in general antibiotics were prescribed most
frequently and with the largest amounts in animals presenting with integumentary or respiratory
signs. Many of our findings were consistent with those of other studies examining antibiotic use
in the species represented in our patient population, but more research is needed to determine how
to best characterize antimicrobial use and assess appropriateness of prescribing.
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Antimicrobial resistance crises lead to restriction of antibiotic treatments. This study aimed to
select essential oils (EOs) as alternatives to antibiotics against Aeromonas salmonicida which is
a causative agent of furunculosis in salmonid. Minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) of 13 EOs and their chemical constituents were
determined against four Aeromonas salmonicida subsp. salmonicida strains using broth micro
dilution (CLSI). Ceylon cinnamon bark (Cinnamomum zeylanicum / verum), oregano (Origanum
vulgare, Origanum compactum, Origanum heracleoticum) and clove (Eugenia caryophyllata)
showed high activity with MIC and MBC ≤ 520 µg/ml for at least 3 strains. Thyme with geraniol
or thymol (Thymus vulgaris) and thyme satureoides (Thymus satureoides) resulted to moderate
activity with MIC and MBC between 520 and 1840 µg/ml for at least 3 strains. Thyme with
thujanol or linalool (Thymus vulgaris), tea tree (Melaleuca alternifolia), ravintsara (Cinnamomum
camphora) and rosemary with cineole (Rosemary officinalis) showed no activity with MIC and
MBC above 3500 µg/ml for at least 3 strains. The combinations of cinnamon with oregano
(Origanum vulgare), clove or geraniol thyme EOs did not show a synergistic activity against all
strains tested. The major compounds of cinnamon, oregano and clove EOs (cinnamaldehyde,
carvacrol and eugenol) demonstrated the highest antibacterial activity, especially cinnamaldehyde
(MIC: 62-249 µg/ml and MBC: 62-499 µg/ml). Concerning EOs with no efficiency against the
tested strains, their components had also no antimicrobial activity. Our study suggests that EOs
of cinnamon, oregano and clove or their main compounds may be tested in in vivo studies.

Fig. 1. Minimum Bactericidal Concentration (MBC) testing for 7 essential oils
References
[1] S. Bouhdid, S. Skali, M. Idaomar, A. Zhiri, D. Baudoux, M. Amensour and J. Abrini (2008). Antibacterial &
antioxidant activities of Origanum compactum essential oil. African J. Biotechnol. 7, 1563–1570.
[2] I. Cabarkapa, B. Kokić and I. Arsić (2012). Antimicrobial activity of Origanum heracleoticum L. essential oil
from Serbia. AgroFOOD Ind. hi-tech vol 23 n 5.
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Animal manures as a source of antibiotic resistant priority pathogens
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SENTKOWSKA2, Anna GRUDNIAK2 and Magdalena POPOWSKA1
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Antibiotics are not only commonly used for human medicine but also for large scale
veterinary purposes, especially in food-producing animals. Approx. 70% of the antibiotics used
in domestic animals are classified by the World Health Organization (WHO) as critically useful
for human medicine (e.g. 4th, 5th generation cephalosporins, glycopeptides or macrolides) [1, 2].
After the administration of the antibiotic, the compound is not completely digested – 15-90% of
it is excreted with manure and urine. Moreover, also antibiotic metabolites, antibiotic-resistant
bacterial species (ARB) and antimicrobial/antibiotic resistance genes (ARG) are released with
feces. Organic manure is a source of nutrients and organic matter. However, antibiotic use in
livestock facilitates spreading and development of antibiotic resistance [3]. ARB, ARG and
antibiotic remains are considered a potential threat to human health due to the possibility of their
transfer into the food chain via plant-uptake from manure-fertilized soil [4].
The aim of this study was to analyze the microbiome and resistome of three types of
organic fertilizers: cattle, chicken and pig manure, and a typical arable soil from Poland. The
research focused specifically on species from the WHO list of antibiotic-resistance priority
pathogens [2].
Two approaches have been used: a cultivation approach and metagenomic analysis. From
all manure samples, a high diversity of ARB was isolated. Preliminary tests revealed the presence
of the following bacterial strains: several isolates from Staphylococcus spp. resistant to
vancomycin or oxacillin, Enterobacteriaceae family members resistant to imipenem or
cefotaxime (e.g. Escherichia coli, Klebsiella spp. or Salmonella spp.), enterococci resistant to
vancomycin, Pseudomonas aeruginosa resistant to imipenem or Acinetobacter baumanii resistant
to imipenem. Microorganisms isolated from the arable soil also presented resistance to antibiotic
compounds, however, no imipenem-resistant strains were determined.
The differences identified between microbiome inhabiting manure and soil suggest a high
influence of natural fertilizers on the soil resistome.
This research was funded by a grant from the National Science Centre (NCN), Poland (501-D114-57-0000155) under
the European Horizon 2020 (5th JPIAMR Joint Call) (http://www.inart-project.eu).
References
[1] International Office of Epizootics (2015) OIE standards, guidelines and resolution on antimicrobial resistance and
the use of antimicrobial agents. OIE, Paris.
[2] WHO Advisory Group on Integrated Surveillance of Antimicrobial Resistance, World Health Organization (2017)
Critically important antimicrobials for human medicine: ranking of antimicrobial agents for risk management of
antimicrobial resistance due to non-human use.
[4] Y.M. Awad, K.R. Kim, S-C. Kim, K. Kim, S.R. Lee, S.S. Lee, Y.S. Ok (2015) J Chem 2015:1–7.
[5] C. Verraes, S. Van Boxstael, E. Van Meervenne, E. Van Coillie, P. Butaye, B. Catry, M-A. de Schaetzen, X. Van
Huffel, H. Imberechts, K. Dierick, G. Daube, C. Saegerman, J. De Block, J. Dewulf, L. Herman (2013) Int J Environ
Res Public Health 10:2643–2669.
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Competitive exclusion and compartmentalization to intervene in colonization
and transmission of ESBL-E. coli in broiler flocks
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Plasmid-mediated Extended Spectrum Beta-Lactamase and AmpC Beta-Lactamase
(ESBL/pAmpC) producing bacteria are resistant to beta-lactam antimicrobials. An important
reservoir of ESBL/pAmpC-producing bacteria are broilers. A single oral supply of competitive
exclusion (CE) product before challenge with a high dose (106-108 CFU/mL) of ESBL-E. coli led
to reduced colonization and transmission, but not to complete prevention [1]. In practice, broilers
may be exposed to much lower levels of ESBL-producing E. coli, and because the hypothesized
mechanism of CE products is competition between bacteria, a longer supply of CE product might
be more effective. Next, spatial distance between animals delayed the contamination of broilers
with Campylobacter and E. coli [2]. Therefore, in this study the effect of prolonged supply of CE
product and compartmentalization of a broiler flock on colonization and transmission of ESBLE. coli after challenge with a low dose was investigated. One day old broilers (Ross 308) (n=400)
were housed in 4 houses. Each house was subdivided in 9 pens, with 1 infectious (I-) pen in the
middle (n=20 broilers), surrounded by 8 susceptible (S-) pens (n=10 broilers per pen). The I-pen
was separated from S-pens by a wired fence. In 2/4 houses CE product was supplied via drinking
water from day of hatch until day 7. At day 5 in each I-pen 10 randomly selected broilers were
individually challenged with E. coli strain E38.27 carrying blaCTX-M-1 on plasmid IncI1 by oral
inoculation (0.5 mL, 102 CFU/mL). Presence of ESBL-E. coli was determined using cloacal
swabs (day 5-21) and environmental samples (day -1, 2, 5, 7, 14, 22). Cox proportional hazard
model was used to compare the risk of colonization. Transmission rate within (βw) and between
(βb) pens was quantified based on a SI model, with the force of infection determined by the
cumulative sum of the excretion time (Iexcrtime). Expected new cases (C) was: E(C) = S * (1-eβ*ΣIexcrtime*Δt
) and parameters were estimated using maximum likelihood estimation. In both houses
treated with CE product, none of the broilers or environmental samples were found to be CTXM-1-E. coli positive. In contrast, in the untreated houses 93.5% of the broilers were CTX-M-1-E.
coli positive at day 21, however, time until colonization differed between the two untreated houses
(HR 0.34, 95% CI 0.24-0.48). Compartmentalization resulted in a decreased transmission in the
two untreated houses. Transmission rate (hour-2) between pens (βb 0.0016, 95% CI 0.00120.0019) was lower compared to transmission within pens (βw 0.0072, 95% CI 0.0057-0.0084).
The concept of competitive exclusion can be a useful intervention as supply of a CE product
during the first week after hatch prevented colonization of CTX-M-1-E. coli after challenge at
day 5. Furthermore, compartmentalization resulted in a delay of transmission between broilers.
Therefore, a combination of compartmentalization and the supply of CE product may help to
reduce transmission and prevent colonization of ESBL-E. coli in poultry houses.
[1] D. Ceccarelli, A. van Essen-Zandbergen, B. Smid, K.T. Veldman, G.J. Boender, E.A.J. Fischer, D.J. Mevius
and J.A. van der Goot (2017). Appl Environ Microbiol 83:e03439-16.
[2] B.A.D. Van Bunnik, A. Ssematimba, T.J. Hagenaars, G. Nodelijk, M.R. Haverkate, M.J.M. Bonten, M.K.
Hayden, R.A. Weinstein, M.C.J. Bootsma and M.C.M. De Jong (2014). Proc Natl Acad Sci USA 9:3556-60.
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Role of Wastewater Treatment Plants on Environmental Abundance of
Antibiotic Resistance Genes in Chilean Rivers
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5
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Point sources such as wastewater treatment plants (WWTPs) commonly discharge their effluent
into rivers. Their waste may include antibiotic residues, disinfectants, antibiotic resistant bacteria
(ARB), and antibiotic resistance genes (ARG). There is evidence that ARG can be found in the
natural environment, but attribution to specific point sources is lacking (1). The goal of this study
was to assess the release and dissemination of ARG from three WWTPs in southern Chile via two
pathways: through the river systems, and through wild birds. A longitudinal study was conducted,
collecting river sediment samples at different distances both upstream and downstream from each
WWTP. Wild birds were sampled from around one of the WWTPs once a month for 13 months.
A microfluidic q-PCR approach was used to quantify a gene array covering different resistance
mechanisms, and data was analysed using principal component analysis (PCA) and linear mixed
regression models. There was a statistically significant increase downstream (p<0.05) for 17
ARG, but the downstream dissemination through the rivers was not clear. Beta-lactamase genes
blaKPC, blaTEM, and blaSHV were the most abundant in birds, with higher abundance in migratory
species compared to resident species (p<0.05). While results from this study indicate an influence
of WWTPs on ARG abundance in the rivers of southern Chile, the biological significance of this
increase and the extent of the WWTP influence are unclear. In addition, wild birds were found to
play a role in disseminating ARG, although association to the specific WWTP could not be
ascertained.
Reference
[1] I. Bueno, J. Williams-Nguyen, H. Hwang, J. Sargeant, A.J. Nault, and R.S. Singer (2017). Anim Health Res Rev
18(2), 112-127.
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nvironmental biofilms from hospital and urban wastewater as hot-spots for
antimicrobial resistance genes and mobile genetic elements
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Horizontal gene transfer (HGT) via mobile genetic elements is a key element for the acquisition
and dissemination of antimicrobial resisatnce genes (ARGs) by bacteria. The environment
constitutes a large reservoir of ARGs and there is evidence that at environmentally relevant
concentrations, some antibiotics may mediate HGT. Effluents from wastewater treatment plants
(WWTPs) have been proposed to act as point sources of ARGs and chemical pollutants in the
aquatic environment. Biofilms, the preferred life style of bacteria in the natural environment,
present structures that give support to high densities of bacteria, exhibit high tolerance to
antibiotics, and facilitate gene transfer. Extracellular polymeric substances (EPS) such as external
DNA (eDNA), proteins, lipids and polysaccharides, which are fundamental structural components
of the biofilm matrix, are associated with resistance to antibiotics, stress and the promotion of
HGT. We have recently developed and validated an experimental model to study wastewater
(hospital, urban) biofilms in the lab and directly in situ. Microbial communities as well as ARGs
and MGEs of those biofilms were qualified and quantified by genomic approaches. A
complementary approach by confocal microscopy was implemented to visualize, qualify and
quantify EPS of those biofilms. The findings of this in-depth and comparative biofilm study
highlight biofilms from wastewaters as accumulative hot-spots for ARGs and MGEs (in particular
class 1 integrons). Confocal analysis clearly showed that the biofilm matrix differs according to
the environment and is significantly impacted when exposed to antibiotics. Meta-transcriptomic
analysis is currently ongoing comparing the expression profile of distinct MGEs and ARGs to
assess the role of wastewater biofilms as hot-spots for the dissemination of antibiotic resistant
bacteria and ARGs.
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Dissemination of resistant bacteria via Lebanese estuaries
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3
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The Environment acts as a reservoir for antimicrobial resistance genes (ARGs) and antimicrobial
resistant bacteria (ARBs). The extensive use of antibiotics in medicine, animal farms, and
aquaculture is suspected to impact environmental microorganisms in compartments such as waste
water, surface water, rivers and sediments and to favour the selection and persistence of ARGs or
ARBs. [1,2]. Here, the presence of ARBs in Lebanese rivers and their putative impact of on the
dissemination of ARBs into the Mediterranean Sea was evaluated by conventional culturing
techniques. During two sampling campaigns, in spring and winter of the same year, water samples
were cultivated with and without antibiotics (ceftriaxon, cefepime and imipenem on Mc Conkay
agar and oxacilline on Mannitol salt agar). Gram negative bacteria were identified with API
galleries while Gram positive bacteria were identified with the catalase, DNAse and coagulase
tests. In total, 297 and 632 CFUs of resistant bacteria were isolated during the first and the second
campaign respectively. The resistant isolates were further screened for multiple resistance
phenotypes against various antibiotics (amoxicillin-clavulanic acid, ceftazidim, cefepim,
piperacillin-tazobactam, gentamycin, amikacin, aztreonam and fusidic acid, cefoxitin,
tazobactam-sulfamethoxazole, ciprofloxacin, amikacin, vancomycin and teicoplanin) according
to the EUCAST 2019 guidelines. Our results show high prevalence of antibiotic resistant bacteria,
in particular ESBLs and imipenem resistant Enterobacteriaceae, in Lebanese rivers. There is a
significant difference in the number of resistant bacteria isolated during spring and winter; with
roughly 100 fold more resistant isolates and significantly higher rates of ESBLs and imipenem
resistant Enterobacteriaceae during winter season. These findings highlight Lebanese rivers as a
potential reservoir for AMRs and a putative source of their transmission into the Mediterranean
Sea.
[1] Rothrock, M.J., et al., How should we be determining background and baseline antibiotic resistance levels in
agroecosystem research? Journal of environmental quality, 2016. 45(2): p. 420-431.
[2] Pepper, I.L., J.P. Brooks, and C.P. Gerba, Antibiotic resistant bacteria in municipal wastes: Is there reason for
concern? Environmental science & technology, 2018. 52(7): p. 3949-3959.
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Characterisation of the Surveillance systems for AMR in the UK
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Antimicrobial resistance (AMR) constitutes a serious risk to health worldwide with major
economic implications (1). Resistance genes are present in humans, animals and the environment
and bacteria carrying resistance genes can spread between them (2). This needs to be considered
when designing integrated AMR surveillance strategies to identify emerging resistance,
understand the AMR epidemiology, and plan and evaluate policies for AMR reduction. The aim
of this study was to conduct a detailed characterisation of the surveillance systems for AMR in
the UK and identify OH linkage points.
A document review was conducted by searching and collating literature and publically available
data on AMR surveillance systems across the four countries of the UK for human health and
animal health. Data were extracted on institutions, regulations, structures, processes, network,
strategies, linkages and surveillance components and their characteristics (e.g. bacteria covered,
samples collected, animal species, test conducted, reporting) to produce a detailed description of
the surveillance systems in the UK.
There is significant variation in the surveillance systems for AMR between the four UK countries.
The surveillance activities for AMR are organised within each sector separately with presence of
connections between the different sectors. These cross-sectoral integrated activities include the
Veterinary Medicine Directorate (VMD) AMR contingency plan which describes the steps to be
undertaken in case a resistant bacterial isolate is detected and considered to pose a potential risk
to human or animal health, the UK One Health reports and the Department for Environment, Food
and Rural Affairs (DEFRA) AMR Coordination (DARC) group which advises and reviews
DEFRA activities on AMU and AMR and includes representatives in science and policy from the
four UK countries covering human and animal health and the environment.
This study allowed to gain an understanding of the organisation of the surveillance systems for
AMR in the UK and the linkages between the different sectors. The results of this work were used
to design a study to evaluate the added value of OH surveillance activities for AMR in the UK.
References
1. O’Neill J. Tackling drug-resistant infections globally: Final report and recommendations. 2016 (The review on
Antimicrobial Resistance).
2. Boerlin P, Reid-Smith RJ. Antimicrobial resistance: its emergence and transmission. Anim Health Res Rev.
2008;9(2):115-26.
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Cluster Analysis with Phenotypical Antimicrobial Resistance Data: Data
from German national surveillance and monitoring
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Global and national action plans have been initiated in order to combat antimicrobial resistance
(AMR). Harmonization of surveillance and monitoring on AMR in human and animals sectors
has been campaigned in recent years because of its urgent need. As a part of German National
Strategy on Antimicrobial Resistance (DART 2020), the German One Health Initiative1 (GOHI)
has been established. Under this umbrella, we compare data on AMR from German national
surveillance and monitoring systems using data on Escherichia coli from 2014 to 2017. We used
data from the Antibiotic Resistance Surveillance2 (ARS) for humans, Zoonosis-Monitoring3 for
non-clinical animal isolates and GERM-Vet4 for clinical animal isolates. Human data originated
from outpatients, general wards and intensive care units. Animal isolates were stratified by animal
type and clinical vs. non-clinical origin. We investigated isolates from the 3 human origins and
38 animal origins (e.g. broilers from slaughterhouse-non clinical, pigs-clinical, veal calves-nonclinical, etc.). We included four antibiotics that were frequently tested in all systems: ampicillin,
cefotaxime, ciprofloxacin and gentamicin which resulted in 16 resistance combinations; e.g. all
susceptible (0000), one resistant (1000, 0100, 0010 or 0001), etc. Using hierarchical clustering in
R (Euclidian distance and Ward’s method), we detected three different clusters based on the
resistance combinations in isolates from each origin. We then removed one antibiotic at a time
leaving 8 resistance combinations. This resulted in different orders and clusters for our
observations. If we eliminated ampicillin, we saw the different clusters among the non-clinical
and clinical animal isolates. If we eliminated cefotaxime, we saw the different clusters within nonclinical animal isolates. If we eliminated ciprofloxacin, we saw different clusters among the
human clinical isolates. By removing gentamicin there were no differences within clusters
described. These differences might be related to differences in antibiotic usage and resistance for
each antibiotic in human and animal sectors. This study is the first study on cluster analysis using
the data from national surveillance and monitoring systems for AMR in Germany. Based on our
dataset, cluster analyses using phenotypical AMR data are possible. However, the number and
importance of the chosen antibiotics within human and animal sectors should be considered.
References
[1]https://www.gohi.online/GOHI/EN/Home/Homepage_node.html
[2]https://ars.rki.de/
[3]https://www.bvl.bund.de/EN/01_Food/_01_tasks/02_OfficialFoodControl/06_ZoonosesMonitoring/ZoonosesM
onitoring_node.html
[4]https://www.bvl.bund.de/DE/09_Untersuchungen/03_Fachmeldungen/2018/2018_10_09_Fa_GERM-Vet2016.html
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How to control the dissemination of antibiotic resistance in the environment?
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The massive use of antibiotics in human and animal health led to the emergence of antibiotic
resistant bacteria (ARB). Antibiotic residues, ARB, their genes (ARG) as well as mobile genetic
elements (MGE) are chronically introduced in aquatic and terrestrial environments by the
discharge of wastewaters and organic wastes, directly or after treatment. The dynamics of
ARG/MGE in these environmental reservoirs contributes to the dissemination of antibiotic
resistance to pathogenic bacteria. The French Ministry of Ecological and Inclusive Transition
commissioned a systematic review of literature on effective solutions to control the contamination
of environment by ARB and ARG.
According to published protocol [1] and One-Health approach, three sub-questions were
addressed in this review to assess the effectiveness of 1) antibiotic use restriction, 2) treatments
of wastewaters and organic wastes and 3) environmental management to reduce the environmental
contamination by antibiotic resistance. Articles were analyzed through systematic map,
qualitative and quantitative syntheses.
After screening 17,798 articles from eight publication databases, 931 articles were included in the
systematic map. While knowledge gaps were obtained for the 1st and 3rd sub-questions, a metaanalysis was carried out in sub-question 2 to determine effects of organic waste treatments on
antibiotic resistance (126 studies, meta-regressions). Composting significantly reduced the
relative abundance of ARG/MGE (84% removal, 27 studies, p < 0.05). Efficacy of anaerobic
digestion is lower than composting with more heterogeneity in reducing ARG/MGE.
The systematic review results will allow to: i) identify knowledge gaps for research (e.g.,
indicators of antibiotic resistance) and ii) develop recommendations for stakeholders and policy
makers.
References
[1] Goulas A., et al. (2018). What are the effective solutions to control the dissemination of antibiotic resistance in
the environment? A systematic review protocol. Environmental Evidence 7:3.
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Background and objectives: Antimicrobial susceptibility testing of Staphylococcus aureus
isolates from veterinary routine diagnostics using an automated testing system and a broth
microdilution method (BMD) showed deviating results with respect to sulfamethoxazole/
trimethoprim (SXT). This observation was in accordance with a previous study in which BMD,
broth macrodilution and agar disk diffusion (DD) had been compared [1]. Reading of test results
for this combination might be challenging, since bacterial growth in the presence of SXT often
shows trailing end points. Currently, growth reduction of ≥ 80% is considered as the MIC [2].
The aim of this study was to further investigate different methods for SXT susceptibility testing.
Materials and methods: Susceptibility of 19 S. aureus isolates from 17 horses to SXT was
initially tested via a commercially available automated system. Since subsequent SXT
susceptibility testing results obtained with BMD [2] lacked consistence, a second commercially
available automated system was used and further CLSI-approved approaches [2] were employed:
two additional BMD tests, including another commercially available plate and an in-house set-up
testing the susceptibility against sulfisoxazole (SUL) and trimethoprim (TMP) separately and disk
diffusion (DD) for SXT, SUL and TMP. The strains S. aureus ATCC® 29213 (BMD) and ATCC®
25923 (DD) were used as quality controls. Whole genome sequences were obtained (Illumina
MiSeq) and investigated for the respective resistance genes.
Results: The first automated system classified all isolates as resistant to SXT, whereas the initial
BMD identified only three strains as resistant and 16 as susceptible. The second automated system
identified 17 as resistant and two as susceptible. The subsequent BMD plate setup classified only
one isolate as susceptible and all others as resistant. DD for SXT identified three isolates as
resistant, eleven as intermediate, and five as susceptible. BMD for SUL correlated well with the
first BMD, classifying the same strains as susceptible (n = 16) and resistant (n = 3), whereas in
DD all isolates were susceptible to SUL. For TMP, BMD and DD, classified all strains as resistant.
Both reference strains were always within the acceptable range [3]. All isolates harbored a
trimethoprim resistance gene (dfrG [n=3] or dfrS1 [n=16]).
Conclusion: Results regarding the classification of S. aureus as susceptible or resistant to SXT
must be interpreted with caution, since substantial differences can occur with the different
susceptibility testing methods.
References
[1] R. Griffith, D. Creely, P. Revell, W. Michael Dunne, D. Shortridge (2009). JCM.00451-09.
[2] Clinical and Laboratory Standards Institute (CLSI) (2018): CLSI document VET01, 5 th Ed.
[3] Clinical and Laboratory Standards Institute (CLSI) (2018): CLSI document VET08, 4 th Ed.
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Background and objectives: Resistance among staphylococci, especially to oxacillin, is a major
threat in human and veterinary medicine. Besides antimicrobial resistance, there is the concern of
increasing biocide resistance [1]. Therefore, Staphylococcus aureus isolates with reduced
susceptibility to oxacillin were characterized and tested for their resistance properties.
Materials and methods: In total, 19 clinical S. aureus isolates with reduced susceptibility to
oxacillin (minimum inhibitory concentrations (MICs) of 0.5 mg/L to ≥4 mg/L [VITEK]),
originating from 17 equine patients, were collected from 2015 to 2017. Whole genome sequencing
was performed using the Illumina MiSeq platform. Multilocus sequence types, spa types and
antimicrobial resistance genes were deduced from the obtained sequences. We performed
antimicrobial susceptibility testing to 31 agents by broth microdilution [2]. Comparative
susceptibility testing to the biocides benzalkonium chloride (BAC), glutardialdehyde (GLU) and
chlorhexidine (CHX) was carried out by broth macrodilution [3] and broth microdilution.
Results: The isolates belonged to two different sequence types (STs), ST1 (n=3) and ST1660
(n=16). The spa typing revealed spa type t127 for all ST1 isolates, spa type t3043 for 14 ST1660
isolates and spa types t549 and t2484 for single ST1660 isolates. The phylogenetic analysis
revealed identities of 99.6-99.9% for the genome sequences within both sequence types. Between
the sequence types ST1 and ST1660 the core genome showed an identity of 98-98.4%. All isolates
were negative for the genes mecA and mecC. Antimicrobial susceptibility testing classified all
isolates as multi-resistant (penicillins via blaZ, gentamicin and kanamycin via aacA-aphD, and
trimethoprim via dfrG (ST1) or dfrS1 (ST1660)). The ST1 strains were additionally resistant to
the combination sulfamethoxazole/trimethoprim, to tetracycline via the tet(L) gene and harbored
also the kanamycin/neomycin resistance gene aadD. The biocide MICs of the clinical isolates
were: BAC: 0.000125 – 0.0005%, GLU: 0.125 – 0.5%, CHX: 0.00006 – 0.00025%. The results
between broth macrodilution and broth microdilution differed only one to two dilution steps. The
reference strain S. aureus ATCC® 6538, tested for comparative reasons, showed comparable
results to previous studies [3, unpublished observations].
Conclusion: The clinical S. aureus isolates belonged to two different sequence types, ST1 and
ST1660, and had different resistance profiles. The two biocide susceptibility testing methods
provided comparable results.
References
[1] J. Maillard (2018). Microbiol Spectrum 6(2):ARBA-0006-2017.
[2] Clinical and Laboratory Standards Institute (CLSI) (2018): CLSI document VET01, 4 th Ed.
[3] A.T. Feßler, A.R. Schug, F. Geber, A.D. Scholtzek, R. Merle, et al. (2018). Vet Microbiol, 2018; 233:59-64.
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Background: Klebsiella (K.) pneumoniae is frequently associated with multi-drug resistant
(MDR) phenotypes, including extended-spectrum beta-lactamase (ESBL)- and carbapenemaseproduction, and can cause a variety of infections in humans as well as in companion animals and
livestock. In human medicine, the global spread of MDR K. pneumoniae is associated with
successful high-risk genetic lineages such as ST258 and the newly emerging ST307. Here, we
report on multiple isolations of K. pneumonia ST307 from a dog suffering from chronic cystitis.
Material and methods: Between December 2017 and January 2019, we investigated 19 urine
samples from a 7-year-old female Sealyham terrier, suffering from a chronic urinary tract
infection (UTI), during routine diagnostic. All confirmed K. pneumoniae isolates were wholegenome sequenced (WGS) using Illumina MiSeq 300 bp paired-end sequencing with an obtained
coverage of > 90x. WGS data were used for genotypic characterization including the
determination of the sequence type (ST), transferable resistance genes and plasmids. In order to
analyze and compare the isolates we used https://cge.dtu.dk
Results: Twelve out of 19 urine samples were culture positive. Ten K. pneumoniae isolates were
identified in eight samples, with five being in mixed culture with E. coli, Enterococcus spp.,
and/or S. pseudintermedius. All K. pneumoniae belonged to ST307, six harbored an IncF-plasmid
and were phenotypically ESBL-producing. In four of these, blaCTX-M-15 was identified.
Phylogenetic analysis revealed a close relationship between the isolates, with a maximum of 14
SNPs detected when compared back to the first Klebsiella isolate as reference.
Conclusion: Although only recently genetic features that may provide an advantage in adaption
to the human host have been reported for this lineage [2, 3], MDR K. pneumoniae ST307 carrying
blaCTX-M-15 can cause UTI in companion animals. This is in accordance with a current study
reporting on the occurrence of ST307-blaCTX-M-15 in one canine and feline urine sample each [1].
Since they can serve as reservoir or source of infection for high-risk K. pneumoniae clones,
companion animals may pose a risk to their owners. Consequently, further investigation is needed
to elucidate whether bacterial persistence may explain the detection of eight closely related
isolates from a canine patient under antibiotic therapy in a one-year period.
References
[1] K. Harada, T. Shimizu, Y. Mukai, K. Kuwajima, T. Sato, M. Usui, Y. Tamura, Y. Kimura, T. Miyamoto, Y.
Tsuyuki, A. Ohki and Y. Kataoka (2016). Front Microbiol 7:1021.
[2] L. Villa, C. Feudi, D. Fortini, S. Brisse, V. Passet, C. Bonura, A. Endimiani, C. Mammina, AM Ocampo, JN
Jimenez, M. Doumith, N. Woodford, K. Hopkins, A. Carattoli (2017). Microb Genom. Apr 26;3(4)
[3] KL. Wyres, J. Hawkey, MAK. Hetland,A. Fostervold, RR: Wick, LM. Judd, M. Hamidian, BP Howden, IH Löhr,
KE Holt (2019). JAC Mar 1;74(3)
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The LISTADAPT project belongs to the European Joint Program One Health. Its aim is to study
adaptive traits of Listeria monocytogenes (Lm) to its diverse ecological niches. Lm is an important
cause of bacterial foodborne infections in Europe with a significant increase in the prevalence of
listeriosis cases for a decade [1]. The capacity of some strains to adapt to the environmental
conditions found in the food industry makes production of high quality and safe food a major
challenge.
Part of this project concerns the determination of antimicrobials resistance profiles of a large panel
of Lm strains from various ecological niches and their abilities to adapt after biocide exposure.
Antimicrobial resistance profiles of several Lm strains were investigated will be analyzed through
the determination of Minimum Inhibitory Concentrations (MICs) to a series of representative
antibiotics (14) and biocides (8) using a standard broth dilution method. Assessment of the ability
to adapt to four biocides after repeated daily exposure to sublethal concentrations and to develop
cross-resistance against antibiotics and possible modifications of growth ability for some
illustrative Lm strains will be also studied.
Results obtained from the first 97 strains revealed slight differences in antimicrobials resistance
profiles. Concerning the biocide resistance profiles of these Lm strains, we can observe a greater
variation in MIC values for quaternary ammonium compounds (Benzalkonium chloride (BC) and
Didecyl Dimethyl Ammonium Chloride (DDAC)) with variations MIC to DDAC up to 16-fold
between strains. Moreover, exposure to quaternary ammonium compounds (BC and DDAC)
increases BC resistance.
Comparison of antimicrobials resistance profiles will enable to reveal the existence of resistance
specificity according to the origin of the strain (food, human, animal and environment) and will
be combined with genomic analyses (done in another workpackage) to identify genetic
determinants involved in the adaptation of Lm to the different ecological niches.
1. EFSA, The European Union summary report on trends and sources of zoonoses, zoonotic agents and food‐borne
outbreaks in 2017. EFSA Journal, 2018. 16(12): p. 72.
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Complacency, misuse and overuse of antibiotics are recognised as significant contributing factors
to the growing global issue of antimicrobial resistance. This is especially prevalent in veterinary
health and livestock management. While some literature exists regarding the use of antibiotics by,
and for, dairy, poultry and other livestock sectors, no research has so far examined that utilised
by equine owners and more specifically, donkey and mule owners. With a population of over half
a million donkeys and mules in the country [1], India is home not only to some of the largest
populations of donkeys and mules globally, but also to an already existent multidrug resistance
(MDR, resistance to three of more drugs) amongst the equine population [2].
This study examined the dispensing practices and vendor capabilities of 61 medical store workers
in northern India using the patient simulation method (28) and semi-structured interviews
incorporating vignettes (34). The semi-structured interviews explored the capacity and capabilitybuilding history of the vendors, principally through probes regarding qualifications and training,
whilst simultaneously assessing knowledge through the incorporation of theoretical equinepatient vignettes. Patient simulations using mock donkey owners were carried out concurrently in
the surrounding locality, further enabling the assessment of both knowledge and dispensing
practices of vendors in those areas.
Few vendors were suitably qualified to dispense drugs to animal owners due to lack of theoretical
training or qualifications (numbers unavailable due to stage of results analysis) yet a significant
number engaged in diagnostic practices despite this. Over ten per cent sold antibiotics without a
prescription from a qualified veterinarian and the majority of the respondents believed that they
were legally allowed to dispense some antibiotics without prescription, when in fact, all
antibiotics fall under ‘H’ scheduling in India.
Pharmaceutical legislation in India decrees that all principal vendors working in medical stores
are suitably qualified to dispense drugs. It also mandates, as a legal requirement, the presence of
a medical prescription for all Schedule ‘H’ drugs, which covers all antibiotics, prior to their
dispensing. However, the subjects of our study revealed a clear pattern of this legislation being
ignored in vendor practices and behavior. This is likely to lead not only to the poor welfare of
equines, according to our study, but also to an increase in antimicrobial resistance amongst the
equine populations in India.
References
[1] DAHDF. (2014). 19th Livestock Census–2012. All India Report. Ministry of Agriculture, New Delhi, India.
[2] B. R. Singh, N. Babu, J. Jyoti, J, et al. (2007). Prevalence of multi-drug-resistant Salmonella in equids maintained
by low income individuals and on designated equine farms in India. Journal of equine veterinary science, 27(6), 266276.
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Selection of one Escherichia coli variant resistant to gentamycin in biofilms
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Antibiotic resistance is one of the most preoccupying issue facing modern medicine. Some
biocides have demonstrated the potential of selecting resistance to antibiotics in bacteria, but data
are still very scarce and it is important to better identify the molecules concerned and the
underlying mechanisms. This study aimed to assess the potential of polyhexamethylene biguanide
(PHMB), a widely used biocide in a variety of domains, to select resistance toward clinically
important antibiotics in Escherichia coli grown in biofilms.
Three E. coli strains isolated from pig industries and 1 collection strain were selected. Biofilms
were grown on stainless steel coupons and then daily exposed to sublethal concentrations of
PHMB during 10 days. Antibiotic-resistant mutants were then selected and characterized
phenotypically (resistance profiles against 14 antibiotics and 3 biocides, growth rate) and
genotypically to identify mechanisms of resistance. Biocide exposure led to the selection of an E.
coli variant with a stable resistance to gentamycin (16-fold increase in Minimum Inhibitory
Concentration (MIC) compared to Wild Type). This was also associated with a 40% decrease of
growth rate of the variant. Susceptibility toward gentamycin was recovered in presence of the
efflux pump inhibitor Phenylalanine-arginine β-naphthylamide (PAβN) in the variant. Moreover,
acrA, a gene encoding an AcrAB-TolC multidrug efflux pump was 5-fold overexpressed in this
variant. Sequencing and comparison of WT and variant whole genomes are currently in progress
to go further in the deciphering of the underlying mechanism.
Data collected demonstrated the potential of PHMB to select antibiotic resistance in the model
bacteria E. coli and the involvement of the AcrAB-TolC system in the cross-resistance observed.
Such observations support the central role of multidrug efflux pumps in cross-resistance between
biocides and antibiotics in E. coli.
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Klebsiella spp. are Gram-negative opportunistic pathogens prevalent on plants, in water and soil
but also colonizing a wide range of livestock/wildlife animals. Klebsiellae were recognized as an
important threat to global public health due to their high level of antimicrobial resistance, mainly
associated with the presence of mobile genetic elements. In this study, ESBL-producing
Klebsiella spp. isolates from sewage water of poultry and swine slaughterhouses were
characterized by whole genome sequencing and antimicrobial resistance testing.
Antimicrobial susceptibility testing of Klebsiella spp. isolates was performed using broth
microdilution following CLSI guidelines and EUCAST epidemiological cut-off values. Whole
genome sequencing and bioinformatics were performed to reveal the genetic basis of the observed
resistances and the diversity of the isolates in different processing stages of slaughtering.
Bioinformatic analyses revealed that the prevailing isolates represented a high genetic diversity
in its MLST-type and virulence profile. Overall, the isolates exhibited many plasmid sequences,
that carried various antimicrobial resistance genes. The majority of the isolates harbor blaSHV
genes causing its ESBL-phenotype. Some of them also comprise determinants involved in the
development of a carbapenem-resistance phenotype. The genetic basis of the isolates, their
antimicrobial resistances and the content of mobile genetic elements will be presented in detail.
Our study confirms that the characterized klebsiellae comprises diverse mobile genetic elements
that may important vectors for the transmission of antimicrobial resistances. Some of the plasmids
are closely related to plasmids of clinical Klebsiella isolates from humans. However, up to now
their impact on human health is unknown and need to be assessed.
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bacteria
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The increasing resistance of some microorganisms to antibiotics is a major public health concern.
The World Health Organization (WHO) has defined Acinetobacter baumannii, Pseudomonas
aeruginosa (both carbapenem-resistant) and Enterobacteriaceae (carbapenem-resistant and
producing extended spectrum β-lactamase) as critical organisms for the research and development
of novel therapeutic options.
One of the alternatives to antibiotics currently under study is phagotherapy, using phages capable
of specifically lysing target bacteria (1). The effectiveness of this therapeutic approach depends
on the response of the bacteria. Indeed, it is established that bacteria have anti-phage defense
systems (CRISPR, RM system, Abi, ...) and it is not excluded that they will also develop resistance
(2).
Other situations inspired by nature could allow to control of pathogenic bacterial populations
while limiting the phenomenon of resistance. In the environment, bacteria interact with each other,
but also with eukaryotic microorganisms such as free-living amoebas (FLA). They feed on
bacteria and thus participate in the regulation of bacterial populations without targeting a specific
bacterial process, potentially limiting the development of resistance (3).
We explored the diversity of FLA able to effectively predate A. baumannii carbapenem resistant
and K. pneumoniae ESBL in environmental samples (soil and compost). To this end, we selected
amoebas which could use these bacteria as their sole source of nutrients. We successfully isolated
107 amoebas capable of phagocyting A. baumannii and 97 on K. pneumoniae ESBL. For each
bacterial nutrient source tested, the selected amoebas belonged to 5 different genera, indicating
that diverse amoebas can predate on antibiotic-resistant bacteria. Predation capacity were tested
on high bacterial load (up to 1010 CFU/mL) and could reduce the viable bacterial population by
five orders of magnitude in 7 days.
This new approach seems promising to control population of antibiotic-resistant bacteria on
infected body sites. Our results suggest that specific amoeba could be used as alternative to
antibiotics.
References
[1] Skurnik M, Strauch E. 2006. Int J Med Microbiol 296:5–14.
[2] Rostøl JT, Marraffini L. 2019. Cell Host Microbe 25:184–194.
[3] Rodríguez-Zaragoza S. 1994. Crit Rev Microbiol 20:225–41.
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Plasmid-mediated linezolid resistance in enterococci and staphylococci
referred to the National Reference Laboratory
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Linezolid resistance is commonly attributed to a chromosomal mutation (G2576T) in
domain V of the 23S rRNA gene. More recently, plasmid-mediated resistance to linezolid has
been reported in staphylococci and enterococci isolated from animals and from humans; this is
conferred by cfr, optrA and poxtA.
The mechanism(s) of linezolid resistance were investigated in enterococci (n=422) and
staphylococci (n= 72) confirmed resistant (MICs ≥8 mg/L) by PHE’s Antimicrobial Resistance
and Healthcare Associated Infections (AMRHAI) Reference Unit from January 2012 to March
2019. PCR was used to detect the G2576T mutation, cfr and optrA genes on all isolates.
Following the recent description of poxtA gene, detection of poxtA was performed on fifteen
enterococci and eight staphylococci, which were linezolid-resistant but lacked these mechanisms.
The G2576T mutation remained the most common resistance mechanism amongst the
resistant isolates we received, and was found in 80.7% of linezolid-resistant isolates (n= 349
enterococci and n= 50 staphylococci). However, plasmid-mediated resistance genes cfr and optrA
were detected in 8.7% (n= 35 staphylococci and n= 8 enterococci) and 9.1% (n= 45 enterococci)
linezolid-resistant isolates, respectively, and were associated with the G2576T mutation in 24
staphylococci and two enterococci isolates (Table 1). All but four enterococci were isolated from
humans, with optrA detected in four enterococci strains isolated from companion animals. poxtA
was identified in 6/15 enterococci isolated between 2017 - 2018, which lacked the G2576T
mutation, cfr and optrA genes.
cfr and optrA were detected in eight and three enterococci out of 290 linezolid-resistant
VRE whilst cfr was detected in two out of thirteen linezolid-resistant MRSA. However, the
possible dissemination of these transferable genes in VRE and MRSA strains will render these
infections difficult to treat and will leave few therapeutic options.
n

E. faecalis

E. faecium

Enterococcus sp

S. aureus

S. epidermidis

CNS

G2576 T

373

15

306

26

7

10

9

G2576T + optrA

1

0

0

1

0

0

0

G2576T + cfr

25

0

0

1

0

18

6

cfr

18

0

6

1

7

2

2

optrA

44

39

4

1

0

0

0

poxtA

6

2

4

0

0

0

0

Table 1: Distribution of resistance mechanisms

Page 136

PALAIS DES CONGRÈS TOURS FRANCE

Antimicrobial resistance and clonal lineages of ESBL-producing E. coli
isolated in wastewater from poultry and pig slaughterhouses
Mykhailo SAVIN1, Gabriele BIERBAUM2, Céline HEINEMANN1, Marijo PARCINA2, Jens
A. HAMMERL3, and Judith KREYENSCHMIDT1
1
University of Bonn, Institute of Animal Sciences, Bonn, Germany
University Hospital Bonn, Institute for Medical Microbiology, Immunology and Parasitology, Bonn, Germany
3
German Federal Institute for Risk Assessment, Department of Biological Safety, Berlin, Germany

2

ESBL-producing Escherichia (E.) coli are widely distributed in all stages of chicken and pig
production chain. They often exhibit a multidrug resistance phenotype leading to an increasing
frequency of treatment failure (e.g. 3MDRO – resistance to piperacillin, ciprofloxacin and 3rd
generation cephalosporins). Therefore, they are considered as a threat for treatment of infections
in both animals and humans. The aim of this study was to investigate the occurrence of ESBLproducing E. coli in wastewater along the production chain in German poultry and pig
slaughterhouses. Furthermore, to characterize the recovered isolates for their phenotypic
antimicrobial resistance, ß-lactam resistance genes and clonal relationship.
Wastewater samples were taken along the production chain from two poultry (n=82) and two pig
slaughterhouses (n=67) as well as their municipal wastewater treatment plants (mWWTPs, n=36)
and were screened for ESBL-producing E. coli using selective CHROMagar ESBL medium. The
final identification was conducted by MALDI-TOF MS. Antimicrobial susceptibility testing was
performed by broth microdilution following the EUCAST guidelines. ß-lactam and mobile
colistin resistance genes (mcr-1 to -5) were determined by PCR and Sanger sequencing. The
phylogenetic relationship of selected isolates was determined by quadruplex PCR. Sequence types
(ST) of selected isolates (i.e. 3MDRO carrying blaCTX-M and extraintestinal pathogenic E. coli,
ExPEC) were determined by MLST.
Overall, the highest percentage of positive samples was found in mWWTPs (97.2%, n=35/36),
followed by pig (85.7%, n=57/67) and poultry (63.4%, n=52/82) slaughterhouses. A total of 507
isolates were recovered. The 3MDRO rates were at 52.7% (n=69/131) the highest among E. coli
isolated in mWWTPs, followed by isolates from poultry wastewater (45.7%, n=85/186) and pig
wastewater (27.9%, n=53/190). The highest percentage of colistin-resistance was at 9.7% among
isolates from poultry sewage (n=18/186), followed by isolates from pig sewage (8.4%, n=16/190)
and mWWTPs (5.3%, n=7/131). Of the colistin-resistant E. coli from poultry and pig sewage,
72.2% (n=13/21) and 50.0% (n=8/16) carried mcr-1.1, respectively. No carbapenem-resistant
isolates were detected. Isolates from mWWTPs showed the highest abundance of ExPEC at
29.8% (n=36/121), followed by E. coli isolated from poultry (16.7%, n=31/186) and pig sewage
(1.7%, n=3/175). blaTEM was the most frequent genotype among ESBL-expressing E. coli from
poultry sewage (49.5%, n=92/186), whereas 84.0% (n=160/190) of the isolates from pig sewage
and 80.2% (n=105/131) from mWWTPs carried blaCTX-M. MLST of 73 isolates assigned 74.0%
(n=54/73) to 19 known STs and 26.0% (n=14/73) exhibited 14 not yet assigned STs.
Wastewater from the investigated slaughterhouses and mWWTPs is a reservoir for ESBLproducing and 3MDRO E. coli. Our study confirms that characterized isolates comprise diverse
clonal lineages including both human and animal extraintestinal pathogenic E. coli, which could
be reintroduced into the food chain, animals and people.
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Infectious diseases caused by multidrug resistant bacteria become a big problem and novel
compounds having effect of overcoming multidrug resistance is needed. Multidrug efflux pumps
play an important role in the multidrug resistance of Gram-negative pathogens. As a result of post
genomic analysis, it is revealed that Salmonella enterica serovar Typhimurium has ten identified
pumps (AcrAB, AcrD, AcrEF, MdtABC, MdsABC, MdfA, EmrAB, SmvA, MdtK, MacAB). [1,
2] These efflux pumps in Salmonella are classified into four families on the basis of sequence
similarity: the major facilitator (MF) family; the RND family; the multidrug and toxic compound
extrusion (MATE) family; and the ATP-binding cassette (ABC) family. The macrolide-specific
pump MacAB is the only ABC-type drug efflux pump in Salmonella but its physiological function
remains unclear. We previously found that deletion of the macAB genes attenuated Salmonella
virulence when mice were inoculated by the oral route. [1] In this study, we performed a screening
of inhibitors for MacAB because it is related to drug efflux systems and virulence in S. enterica.
A random screening using Osaka University compound library was performed to select candidates
of MacAB inhibitors in Salmonella. As a result, we could find the candidate compound of MacAB
inhibitor when it was used in combination with various macrolide antibiotics. Also, we revealed
that supernatant from wild-type organisms grown in the presence of H2O2 rescued the growth of
deletion of the macAB mutants in H2O2. This has shown that the function of MacAB is related to
oxidative stress resistance. In addition, we found the candidate compound of MacAB inhibitor
effected sensitivity to oxidative stress. We hope that MacAB inhibitor reduce the effect of
multidrug resistance and virulence by using the combination of antibacterial drugs and inhibitors.
To find such inhibitors will lead to the treatment of infectious diseases.
0.7

ΔacrB / pmacAB

Fig.2 – The virulence role of Fig.30.6 – Cell growth was
0.5
Salmonella drug efflux system inhibited
by the EM
candidate
0.4
mutants.
compound
of MacAB inhibitor.
OD600

Poster Abstracts

PALAIS DES CONGRÈS TOURS FRANCE

0.3
0.2
0.1

EM
+ inhibitor

0
0 1 2 3 4 5 6 7 8

Time(h)

Fig.1 – Efflux pumps in Salmonella.
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Integrons are genetic elements involved in the dissemination of AMR, mostly among
Gram-negative bacteria. Integrons are able to capture and express antibiotic resistance genes
embedded within mobile gene cassettes. Prevalence of integrons is well documented in
Enterobacteriaceae, but data are still relatively rare in Aeromonas. Due to its ecological and
genetic capabilities, Aeromonas is now proposed as an indicator of AMR dissemination in aquatic
environment, and is considered, as well as integrons, as a vehicle of dissemination of antibiotic
resistance genes. The aim of this study was to evaluate the prevalence of integrons in Aeromonas
isolates from fishes: wild freshwater fishes, trout (fish farming) and diseased fishes (fish farming).
A total of 338 Aeromonas were isolated in France from wild freshwater fishes (n=137),
diseased farmed fishes (n=124), and from healthy farmed trout (n=77). Class 1, 2 and 3 integrons
were detected by a multiplex qPCR. Antimicrobial susceptibility of the isolates was assessed
using the broth microdilution method.
Eighty-one isolates (24.0%) harbored integrons. No integron was detected in wild fishes’
isolates. Integrons were present in 54.8 % of the isolates recovered from diseased fishes and in
16.9 % of those recovered from healthy trout. Class 1 integrons were the most often detected
(n=80), only one isolate recovered from trout harbored a class 2 integron. No class 3 integron was
detected. Here, we observed the highest prevalence of integrons in Aeromonas from diseased
farmed fishes and a higher prevalence in farmed trout compared to isolates from wild freshwater
fishes. The genetic content of the integrons is under characterization. Regardless of the origin of
the isolates, MIC50 values for oxolinic acid, flumequine and tetracycline were significantly higher
in isolates harboring integrons than in isolates without integron. At this opposite, no difference of
MIC50 values for gentamicin and florfenicol was observed.
This study confirms the role of integrons as biomarkers of antibiotic resistance. Their
detection in the Aeromonas genus represent an interesting pair that could be used in the fish setting
as biomarkers of anthropic activities.
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Modelling antimicrobial and heavy metal resistance within the flow of
agricultural waste on a UK dairy farm
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KYPRAIOS3 and Dov STEKEL1
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3
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Antimicrobial resistance is a significant public health concern, and it is widely acknowledged that
a One Health approach is required to tackle this global issue. Agriculture represents a significant
area of antibiotic use across the world, and has many opportunities for the selection and
emergence of bacterial populations, as well as the potential to spread resistance into the
environment as well transfer to humans through the food chain. Heavy metals, such as copper and
zinc, have historically been used as antimicrobials, and there is a growing body of evidence that
co-selection of resistance to heavy metal and antibiotics can occur [1]. In dairy farms, heavy metal
footbaths are often used to prevent hoof infections, as well as in feed. The waste water systems of
dairy farms is a system in which faecal bacteria, antibiotics and heavy metals mix, and may be a
locus for selection and co-selection of resistance. Moreover, the waste water setup, management
and flows may be a means by which resistance is spread to different locations on the farm. We
have developed a mathematical model to describe the flow of agricultural waste through a UK
dairy farm. The model is based on a detailed description of the waste water setup, and
ethnographic observation of farm management practices. We have calibrated the model
parameters using Bayesian inference techniques with metal concentration data gathered from the
slurry tank and other areas of the dairy farm. We show that measured zinc concentration in the
slurry tank is commensurate with zinc use data, while measured copper concentration is not,
suggesting that there are other sources of copper not accounted for in the model. In future work,
we shall couple this farm flow model with a resistance transfer model (similar to those used in
[2]), and explore possible factors that may increase or reduce the emergence of resistant
populations within the farm. We can then vary parameters of the model to simulate the effects of
different methods of waste water set up and management on the dynamics of bacterial populations,
which may inform us of what practices may best control the spread of AMR.

Fig. 1. Schematic diagram of the flow of agricultural waste around a UK dairy farm.
References
[1] Pal, C., Asiani, K., et al. Metal Resistance and Its Association With Antibiotic Resistance. Adv. Microb.
Physiol. 70, 261–313 (2017).
[2] Baker, M., Hobman, J. L., et al. Mathematical modelling of antimicrobial resistance in agricultural waste
highlights importance of gene transfer rate. FEMS Microbiol. Ecol. 92, (2016).
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A review of different approaches to tackle AMR in animals in low-middle
income countries
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Background: Antimicrobial resistance (AMR) is a serious concern for global health. Antibiotics
have been used in livestock to improve the growing demand of food supplies for the increased
population in low-middle income countries (LMICs). Agricultural antibiotic use got little
attention in LMICs than antibiotic use in healthcare. Although a limited data is available in the
context of LMICs, we aim to explore the traditional and non-traditional approaches to tackle AMR
in animals in LMICs.
Methods: We reviewed several databases including PubMed, Science Direct, Scopus, Google,
Google Scholar, and relevant websites of government and nongovernmental organizations. We
used multiple keywords to search relevant subject areas. Finally, we categorized and reviewed
relevant information very carefully.
Findings: The integrated national databases are needed to support policy development for
effective antimicrobial distribution policy and antimicrobial use in food animals. Increase AMR
surveillance and monitoring of antimicrobial use, improvement of government animal health
services and strengthening industrial and academic research are effective measures to tackle AMR
in animals. Training and education of animal health workers, antimicrobial distributors, farm
personnel and the public are needed for more rational use of antimicrobials in animals.
Community awareness programs about the negative effect of the AMR for human health can help
to reduce antimicrobial uses in the animal. The preventive approach to protect animal diseases
than curative approach can be effective measures both in terms of treatment cost and reduce
antimicrobials use n animals.
Conclusion: It is important to adopt measures to prevent AMR emergence in LMIC settings
where a weak health system would not be able to cope with emerging epidemics. These measures
may encourage a reduction in antibiotic use globally and lead to a reduction of drug-resistant
bacteria.
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Selection of ESBL-producing Escherichia coli in faeces of calves fed with milk
containing antibiotic residues
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2

Resistance to broad-spectrum cephalosporins in Enterobacteriaceae is a crucial therapeutic
challenge in human medicine. Extended-spectrum beta-lactamases (ESBLs) are mostly
responsible for this phenotype, especially those belonging to the CTX-M groups. In cattle, the
prevalence of ESBL-producing E. coli carriage mostly exceeds 50% of the veal calves upon entry
in fattening farms (1). Such elevated rates may result from feeding calves with milk containing
antibiotic residues at farm (2). The objective of this study was to clarify this hypothesis by
assessing whether ESBL-producing E. coli could be experimentally selected in calves after
ingestion of milk containing defined doses of antibiotics. Calves originated from two farms,
harbouring either a low or high (100%) prevalence of calves carrying ESBL-producing E. coli.
Milk given to calves was enriched with 2000 µg/L cefquinome, a concentration present in milk
during the withdrawal period after treatment of clinical mastitis. In the low prevalence context,
results showed that ingestion of cefquinome residues in milk had no measurable effect on the
prevalence or abundance of ESBL-producing E. coli. Conversely, in the high prevalence context,
ingestion of cefquinome residues by calves carrying faecal ESBL-producing E. coli induced the
selection and amplification of these isolates from about 105 to about 107 CFU/g of faeces.
Characterization of ESBL-producing E. coli clones and ESBL plasmids are in progress. This study
highlights the role of antibiotic residues in milk in the selection of ESBL producers in the gut of
healthy calves.
*
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Fig. 1 . ESBL-producing E. coli excreted by faeces of calves after ingestion of cefquinome residues
(2000 µg/L milk twice a day for 3 days)

References:
(1) Gay, E., Bour, M., Cazeau, G., Jarrige, N., Martineau, C., Madec, J.-Y., Haenni, M., 2019. Antimicrobial usages
and antimicrobial resistance in commensal Escherichia coli from veal calves in France: evolution during the
fattening process. Frontiers in Microbiology in press.
(2) EFSA Panel on Biological Hazards (BIOHAZ), (2017). Risk for the development of Antimicrobial Resistance
(AMR) due to feeding of calves with milk containing residues of antibiotics. European Food Safety Authority
(EFSA) Journal. Scientific Opinion Adopted 1 December 2016, doi: 10.2903/j.efsa.2017.4665.
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Using geospatial analysis to model physico-chemical and microbiological
water quality
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Few interdisciplinary studies have been done on aquatic ecosystems using geospatial analysis to
explain microbiological events. Changes in microbiological diversity remain largely undiscovered
in most water bodies and with GIS, historic and future changes can be modelled and monitored.
This study aimed to integrate historic land use, physico-chemical and microbiological water
quality of a water body for improving future water management strategies with the added
advantage of water quality modelling to show the effect thereof, in the environment. This was
done by; ii) create a baseline of antibiotic-resistant organisms; iii) isolate, identify and characterise
Escherichia coli and Enterococci spp.; iv) create contamination and microbial models using GIS
and modelling software. Physico-Chemical parameters were determined with a multi–meter probe
and Hach instrument. Microbiological parameters were determined through membrane filtration
methods, Heterotrophic Plate Counts (HPC) to generate antibiotic resistance profiles with the
addition to their resistant genes. Primary characterization and biochemical screening of E. coli
and Enterococci were done by standard means. Historic and current water quality was visually
represented using GIS and QUAL2K software and SWMM modelling software for water quantity.
Modelled results indicated the areas that have high sulphate (±241 mg/L) and nitrate (±10 mg/L)
levels are prominent at the mining and town areas and the pH levels (±9.4) are high in the dam
area, all were above recommended quality ranges for animal production. A microbial model
showed the correlation between the average E. coli counts at monitoring stations with the distance
of the surface runoff of the area surrounding the water body. Modelling the water quality
demonstrated the value of combining geo-spatial and microbiological components for a holistic
understanding of environmental health and risks. From the antibiotic resistance profiles, 37% of
the organisms showed multiple resistances to the tested antibiotics tested. The antibiotics
Trimethoprim and Amoxicillin both had the greatest resistance to the Gram-negative bacterial
isolates with a resistance of 53% of each respectively. The Gram-positive bacterial isolates had a
57% resistance to Vancomycin. These water sources could thus be regarded as reservoirs of the
antibiotic resistant bacteria and this may impact on water availability and well as security, aspects
about this within the context of a one health concepts will be further explored in the presentation.
Key words: GIS, E. coli, antibiotic resistance
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Antibiotic susceptibility of potential pathogenic E. coli from a river associated
with livestock farming
Lee CHENHAKA1, Carlos BEZUIDENHOUT1, Charlotte MIENIE 1and
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Polluted water bodies pose significant health risks to humans and animals. Pollutants such as
antibiotics and pharmaceuticals of emerging health concern. These substances could select for
antibiotic resistant bacteria (ARB) and antibiotic resistance genes (ARG). The aim of this study
was to determine antibiotic susceptibility profiles and virulence factors associated with E. coli
isolates from a river in South Africa, known for large scale livestock production. Membrane
filtration of water samples was conducted and the filters placed on selective media (MLGA;
Membrane Lactose Glucuronide Agar). Potential E. coli were grown on 5% blood agar and CTSMAC (MacConkey Agar with Sorbitol, Cefixime, and Tellurite). Positive isolates were screened
for susceptibility to a variety of different antibiotics using the Kirby-Bauer disc diffusion method.
The virulence factors assessed included proteinase, lipase, DNase, lecithinase, hyaluronidase and
chondroitinase production. The prevalence of E. coli O157 on CT-SMAC ranged from 29% to
above 80%. Multiple antibiotic resistance (MAR) indices were above the norm of 0.2 which is a
cause for concern about the effectiveness of these antibiotics to treat diseases. This river may
possibly serve as a hotspot for the dispersal of ARB’s and possibly ARG’s by means of sharing
mobile genetic elements (plasmids) and horizontal gene transfer mechanisms. The virulence
factors observed may be upregulated by specific environmental or host triggers allowing these
organisms to persist in these aquatic environments. This water may detrimental effects on
livestock especially in infants but may be asymptomatic in mature animals resulting in a negative
feedback cycle that increases the risk for human disease.
Key: Water quality, Indicator Bacteria, Antibiotics, ARB/ARG and Virulence Factors
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Antimicrobial Resistance in the Bacterial Communities of the Rainbow-Trout
Filet
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The role of food in the routes of transmission of resistant bacteria and antimicrobial
resistance genes (ARG) is yet to be explored. Farmed fish filets can carry antibiotic-resistant
bacteria because of their environmental exposure (animal farms, human activities, aquatic
environment…). The presence of such bacteria on foodstuff must be evaluated as it might present
a risk for the consumers. To extend our knowledge about the farmed fish filet resistome, ARG
were sought in the bacterial communities of fresh rainbow-trout filets. Antimicrobial residues
were also dosed in the filets.
The analyses were performed on fishes originating from a single batch sampled in two
conditions: a) filets excised in laboratory conditions (N = 14) and b) filets excised in an industrial
facility (N = 14). Each filet was divided, one sample was rinsed and the DNA was extracted to
perform the ARG investigation and one sample was analysed to perform the antimicrobial
residues dosing. Insights about events occurring during the lifetime of the fishes, such as diseases,
treatments, vaccines and pond cleaning frequency were provided by the breeders. The ARG were
detected and quantified using a 245 primers pairs set. The set were chosen after bibliography
analyses [1] and in silico verification. It was designed to detect resistances to 10 antimicrobial
classes, including beta lactams, macrolides, tetracyclines, aminoglycosides, phenicols, as well as
multidrug efflux pumps and biocides resistance genes. The amplification was realised thanks to
the Smartchip Real-Time PCR technology (Takara). The residues of 75 antimicrobials, covering
10 antimicrobial classes, were looked for and quantified by LC-MS/MS.
Some ARG were detected at Ct around 25 (tetL, tetB, sul1), as well as biocide resistance
genes (qacEΔ1). Oxytetracycline residues were detected in 13 filets (out of 28) in concentrations
lower than the authorized maximum residue limit. The concentrations ranged from 5,84 to 40,2
µg/kg and the authorized maximum residue limit is 100 µg/kg in the fish muscle. Fishes were
treated with oxytetracycline more than 6 months before the sampling.
Overall, few antimicrobial resistance genes were detected and the detected genes displayed
high Ct, suggesting that this genes had low prevalence in the bacterial communities. Presence of
tetracycline resistance genes and oxytetracycline residues have been observed in fish samples
from a batch where an oxytetracycline treatment has been applied. No correlation has been
established yet. Further investigations are necessary in order to understand the links between the
presence of residues and genes, and the phenotypic resistances.
[1] W.I. Muziasari, L.K. Pitkänen, H. Sørum, R.D. Stedtfeld, J.M. Tiedje, M. Virta, The resistome of farmed fish
feces contributes to the enrichment of antibiotic resistance genes in sediments below baltic sea fish farms,
Frontiers in Microbiology. 7 (2017) 2137. doi:10.3389/fmicb.2016.02137.
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Antimicrobial Resistance Profiles in Escherichia coli and Salmonella species
Isolated from Caecal Content of Chicken in Cambodian Traditional Markets
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Sarim1, Tum Sothyra1*
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The antimicrobial resistance in foodborne bacterial causing high risk in food safety and public
health [1]. The aim of this study was to isolate E. coli and Salmonella from caecal contain of
chicken from traditional market markets and testing for the AMR. A total 200 chicken caecum of
were collected from markets in Kampong Chnnang, Takoe and Kampong Cham of Cambodia,
once per month from March-August 2018. Each caecal contain was submitted for isolation E. coli
and Salmonella species. Both bacterial species were tested for 11 antimicrobial susceptibility
profiles using disk diffusion method (CLSI standards VET 01A4) and interpreted result base on
CLSI M100S28 or VET08. The result of bacterial isolation were: E.coli 161/200 and Salmonella.
The prevalence of resistance E.coli and Salmonella were found among the caecal contain of
chicken presented in Figure 1. The AMR profiles has been conducted before [2,3,4] however, the
resistance profile presented in this study is will necessary for next step of intervention which
promote food safety and hygiene in chicken meat in Cambodian traditional markets.

Fig. 1. Antimicrobial resistance profiles of the isolated E.coli and Salmonella
References
[1] Chereau, F., Opatowski, L., Tourdjman, M., & Vong, S. (2017). bmj, 358, j3393.
[2] Vuthy, Y., et al. (2017). Asian Pacific Journal of Tropical Biomedicine 7(7): 670-674.
[3] Lay, K. S et al. (2011). Journal of Veterinary Medical Science 73(3): 325-329.
[4] Rortana, C., Grace, D., Nguyen-Viet, H., Tum, S., Dang-Xuan, S., Theary, R., ... & Heng, T. (2019). Regional
symposium on research into smallholder pig production, health, and pork safety. Hanoi, 27-29 March 2019
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Antimicrobial resistance of Enterobacteriaceae in poultry in Lebanon
Myriam MIKHAYEL1,2, Benoît DOUBLET1 and Dolla KARAM SARKIS2
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Introduction: Poultry farms contribute to the contamination of the environment with resistant
bacteria, mainly Enterobacteriaceae which can be transmitted to Humans in contact or through
contaminated food products. In Lebanon, antibiotics are administered uncontrollably to animals
to treat infectious diseases but also for prophylactic reasons and as a dietary supplements and this
to improve the productivity of farms. This study was realized to decipher the spread of resistant
Enterobacteriaceae in poultry farms in Lebanon.
Methods and materials: Rectal swabs were collected from 280 broilers in 56 Lebanese farms (5
swabs from each farm). A survey has been completed by the veterinarian in each farm about the
antibiotic usage. Three-hundred and ninety six strains were isolated on MacConkey agar
containing different antibiotics (Cefotaxime, Cefepime and Ertapenem). All isolates were
identified using Biomérieux API® 20E strips. Antimicrobial susceptibility testing was performed
by the disk diffusion method according to the recommendations of the CA-SFM (Comité de
l’antibiogramme de la Société Française de Microbiologie). The production of ExtendedSpectrum -lactamases (ESBL) was assessed using the double-disk synergy test.
Results: Among the 393 isolated strains, 335 Escherichia coli (85%), 24 Enterobacter cloacae
(6.2%), 20 Klebsiella pneumoniae (5.1%), 6 Klebsiella ornithinolytica (1.5%), 5 Proteus
mirabilis (1.4%) and 3 Klebsiella oxytoca (0.8%), were detected. Based on the double-disk
synergy test, a total of 74% of the strains were ESBL producers. Furthermore, 18 strains were
resistant to carbapenem.
R: Resistant
S: Sensible
INT: Intermediate
AMC: Amoxicillin+ Clavulanic acid
COX: Cefotaxime
CAZ: Ceftazidime
AZT: Aztreonam
FEP: Cefepime
ETP: Ertapenem
IMP: Imipenem
FOX: Cefoxitin
GMC: Gentamicin
CIP: Ciprofloxacin
SXT: Trimethoprim + Sulfamethoxazole
TET: Tetracycline
AMK: Amikacin

Table. 1. Antibiotic testing results.

Conclusion: This study estimated the prevalence of ESBL-producing Enterobacteriaceae from
broilers in Lebanon. Unfortunately, no national plan has been set up yet to fight the alarming
threat of antimicrobial resistance in food-producing animals. In the next steps, we will
characterize the strain collection by whole genome sequencing and molecular analysis (resistance
genes, genetic supports, genomic analysis…).
References
[1] A. Singer, H. Shaw, V. Rhodes and A. Hart (2016). Front Microbiol 7:1728.
[2] Larsson DGJ. (2014). Antibiotics in the environment. Ups J Med Sci. 119(2):108-12
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Flux of antimicrobial resistance genes in the poultry production pyramid
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The transmission of antimicrobial resistant (AMR) bacteria from food-producing animals
to humans is an important public health issue. The aim of this project was to characterize the
vertical and horizontal transmission as well as the persistence of AMR in the broiler production
pyramid, considering all steps over three successive generations of animals and their associated
environments, to identify new levels of risk control. Two approaches were considered, in first the
analyses by bacterial cultures and then a global approach by metagenomic sequencing of the
caecal microbiota.
The sampling was realized at the experimental unit PEAT of INRA, which reproduces all
steps of the broiler production chain in a single site. AMR monitoring was carried out according
to the breeding scheme on three successive generations of breeders and their offspring, with an
individual follow-up of birds. For each generation, representative birds were chosen in three
successive flocks of parent stock layers reared in two protected poultry houses and two broilers
flocks in distinct production houses. Biological samples consisted of feces at different ages and
incubated eggs, and of post-slaughtering caecal contents, neck skin, filet and leg meat. Several
environment samples were also collected, including the drinking water, the water bath before
plucking at the slaughterhouse, surfaces in the different poultry houses and the animal feed. AMR
bacteria were selected from samples on Mac Conkey agar with the following antibiotics:
ampicillin + tetracyclin, enrofloxacin, colistin, trimethoprim + sulfonamide. Resistant strains
were identified by E. coli specific PCR and MALDI-TOF MS. Antimicrobial susceptibility testing
was performed by the disk diffusion method on Mueller-Hinton agar.
AMR bacteria were characterized after the breeding of two generations of chickens. Fecal
E. coli strains were mainly multidrug resistant, with different phenotypes (Str, Sul, Tet, Tmp,
Amp). Moreover, multidrug resistant Proteus mirabilis isolates showed an additional resistance
to quinolones. The environmental multidrug resistant bacteria were mainly Pseudomonas
aeruginosa, Pseudomonas fulva, Acinetobacter baumanii, and Klebsiella pneumoniae.
Preliminary conjugation assays using AMR E. coli donor strains identified IncF, IncI1 and IncN
plasmids as vectors of resistance. The molecular typing of the mobile genetic elements is in
progress. To complete the culture-dependent approach, whole genome sequencing of
repesentative resistant isolates will be realized.
Our first results indicate that multidrug resistant bacteria are widespread in the
experimental poultry production pyramid in spite of the non-use of antibiotics for a decade.
Further investigations will be conducted to decipher the transmission of multidrug resistant
bacteria and AMR mobile genetic elements in this system.
This study is supported by the grant (2017-448) from the french national plan for the reduction of the risks of
antimicrobial resistance in veterinary medicine (Ecoantibio2) of the Ministère de l’agriculture et de l’alimentation.
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Monitoring bacterial resistance in the environment.
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New Zealand has existing surveillance systems related to antimicrobial resistance (AMR) as well
as consumption and has conducted a number of surveys in human health, animal health and the
agricultural sectors1,2,3. The Ministry for Primary Industries and the Ministry of Health in New
Zealand are working to minimise the impact of AMR on plant, animal and human health. The
New Zealand Antimicrobial Resistance Action Plan was announced at the 70th World Health
Assembly. The plan has been developed collaboratively with stakeholders from across the human,
animal and agriculture sectors in New Zealand to address areas identified as needing action. The
plan has five key objectives: improved awareness, understanding, surveillance, stewardship, as
well as prevention and control measures.
Although some surveillance and survey data already exists on AMR in animal health, priority has
been given to improving and coordinating surveillance, with currently available data being used
to establish baseline measurements to gauge progress in human health, animal health and
agriculture in the long term. ESR has a long-standing and recognized AMR surveillance capability
and, along with research partner Massey University is presently involved in several aspects of the
national AMR plan. A focus on AMR in wastewater as a potential source of antibiotic
contamination with resistant bacteria and associated bacterial genes is presently under
consideration, in order to monitor environmental AMR by detecting antibiotic resistant bacteria
(ARB), antimicrobial resistance genes (ARG) and antimicrobials (AM). Testing of wastewaters
will allow monitoring of ARB, ARG and AM agents in both human and animal populations and
is expected to provide surveillance data on the arrival and spread of resistant organisms and/or
genes. Expected outputs would be, inter alia, standardized protocols for analysis of main
antimicrobials in wastewater/water as well as a metagenomics pipeline for resistance genes in
wastewater/water.
This research is in alignment with FAO PROJECT OSRO/RAS/502/USA Giuideline #4:
Monitoring bacterial resistance in the animal environment. ESR is committed to establishing and
maintaining coordination and partnership in the Asia-Pacific region by harmonization and
coordination of research as a partner academic and research institution.
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