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Transmission pathways of antimicrobial resistance
among different habitats and ecosystems
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Hot-spots and drivers of antimicrobial
resistance (AMR)

Antibiotics

Drivers of l g ﬁ
Antimicrobial
i’i - *.I‘,’;'

Resistance

Agriculture Animal Husbandry Household ‘Industry

& T od

* Animal by-products

- 0 ) i A A
Sludge regulation * Anaerobic digestion

‘ Anaerobic ‘
Digestion

Greywater
* Discharge Consents / EQSs

* Discharge Consents / EQSs

Groundwater

A It
* Groundwater quality (WFD) DREEEARNIS

Coastal Water
. * Bathing Waters
WEFD (Shellfish)

*EA regulatory interests

Singer AC Frontiers in Microbiology 2016



Genetic basis of resistance: Transferable resistance
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Horizontal transfers of resistance genes

DNA exchange between bacteria belonging to same or different
genus/species
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Tenover F, CID 2001; 33: $108-115



Transmission and spread of antimicrobial resistance

* Horizontal and vertical transmission

— Vertical transmission by clonal expansion
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Transmission and spread of antimicrobial resistance

* Microscopic and macroscopic transmission
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The molecular epidemiology
of antimicrobial resistance...in a nutshell

The genes move between plasmids (or chromosomes)
...and

The plasmids move between strains, species and genera
...and

The bacteria move between hosts and settings



Gram-Positive

The challenging multi-drug
resistant nosocomial pathogens

Gram-Negative

Staphylococcus aureus
(MRSA, GISA, GRSA)

Glycopeptide-Resistant
Enterococci (GRE)

ESBL & carbapenemase
producing Enterobacteriacae
— Klebsiella and Enterobacter

Carbapenemase producing
& MDR Pseudomonas

MDR Acinetobacter

Enterococcus faecium, Staphylococcus aureus, Klebsiella spp, Acinetobacter

= ESKAPE

baumannii, Pseudomonas aeruginosa, Enterobacter spp




Methicillin-resistant S. aureus (MRSA)

« Acquisition of mec gene encoding PBP2a

— PBP2a shows low affinity to B-lactams

— Cross-resistance to all B-lactams, except for the novel anti-MRSA
cephalosporins

— Three different types described: mecA, (mecB), mecC

« The mec gene is integrated into mobile genetic element
— Staphylococcal cassette chromosome mec (SCCmec)
— Chromosomal insertion at the attBg.. at the end of orfX
— Often contain plasmids or transposons carrying resistance genes

mec gene ccr gene
complex complex

SCCmec a3 [ R1 | 2 (B 1 I

Ito t. et al. Antimicrob Agents Chemother 2012;4997



Staphylococcal Cassette Chromosome mec
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Classification according to
Types: combination of mec and ccr

Variants: difference into junkyard regions.

SCCmec Type ccr Type mec
| (1B) 1 A1B1 B
Il (2A) 2 A2B2 A
1l (3A) 3 A3B3 A
IV (2B) 2 A2B2 B
V (5C2) 5 c1 c2
VI (4B) 4 A4B4 B
VIl (5C1) 5 c1 C1
VIl (4B) 4 A4B4 A
IX (1C2) 1 A1B1 c2
X (7C1) 7 A1B6 C1
XI (8E) 8 A1B3 E

Hiramatsu et al. Infect Chemother 2013;45(2):117-136 .
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Staphylococcal Cassette Chromosome mec
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MRSA transmission between
humans and pets

Human-to-Dog
Transmission of
Methicillin-Resistant
Staphylococcus
aureus

Engeline van Duijkeren,*
Maurice J.H.M. Wolfhagen,t Adrienne T.A. Box,t

Max E.O.C. Heck,§ Wim J.B. Wannet,§
and Ad C. Fluitt

* Transmission within households, veterinary hospitals

and farms
— Dogs, cats but also rabbits, parrots, ... horses

— HA-MRSA
* ST22-SCCmec IV, ST8-SCCmec Il
* Transmission of nurse to her baby and dog

— PVL- positive CA-MRSA
* ST80-SCCmec IV, USA300 ST8-SCCmec IV
* Familial outbreaks with recurrent infection

Rankin S. et al. Vet Microb. 2005:108
van Duijkeren E. et al. JCM. 2005:43
Vitale CB et al. EID 2006:12

van Duijkeren E. et al. EID 2004:10
Strommenger B. et al. JAC 2006:57




Methicillin-
resistant
Staphylococcus

e arming MRSA and livestock animals

Andreas Voss,"t Frans Loeffen,* Judith Bakker,*
Corne Klaassen,T and Mireille Wulf*

o pig-farming
Smal isolates
3 -ATCC 29213
. .
. - " NN T3 pig-farming
xmal {P e isolates
_
L -ATCC 29213

* Netherlands

— Unexpected cases of MRSA in population without known risk factor
and correlated with pig-farming or with pigs

— 6/26 farmers (23%) colonized with MRSA

— All MRSA strains were not typeable by Smal PFGE analysis
— By MLST all isolates belonged to ST398

Armand-Lefevre L. et al. EID 2005:11
\Voss A. et al. EID 2005:11
Bens C. et al. JCM 2006:44



Spread outside

the hospital environment
)

— Almost monoclonal belonging to CC398
« Highly frequent in Europe but also in the USA
* In Asia ST9
« Acquisition of the SCCmec V but also IV,”VII” new variants (I1X, X)
— Often multi-resistant
— High prevalence in some human populations
» Veal farmers (58%), pig farmers (38%), Veterinarians (7.5%) (Belgium)




Distribution of LA-MRSA CC398
Farmers versus pigs, 2007

Farmers Pigs
B spatd11 SCCmec IVa
B spat011 SCCmec V
O Gther

Denis 0. et al. EID 2009



MRSA carriage among veterinarians in Belgium
and Denmark

MNo. (%)

Exposure vanable Belgium Denmark OR (95% CI) P value®*
All veterinarians (n=146) (n=143)

MRSA ST398 11{7-5) 2 (1-4) 57 (1-:2-54-0) 0-01

MRSA non-ST398 3(2-1) 0 (0)

Total MRSA 14 {9-6) 2(1-4) T-5(1-7T-68-6) 0-0023
Vetermnanans working with livestock (n=103) (n=9T)

MRSA ST398 L L1{I0-5) 2(2:1) | 5:6(1-2-52-6) 0-02

MRSA non-S§T398 5(19) 00}

Total MRSA 13 (8-9) 2(2:1) 67 (1-5-62-4) 0-0052
Veterinanans not working with livestock (n=41) (n=46)

MRSA ST398 0{0) 0 (0)

MRSA non-ST398 1(2-4) 0 (0)

Total MRSA 1(2-4) 0 (0)

OR, Odds ratio; CI, confidence interval.
* Significant exposure varables are shown in bold (based on a P value of < 0-05).

Garcia-Graells C et al. Epidemiol. Infect 2011
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Staphylococcus aureus CC398 Clade Associated with Human-to-
Human Transmission

Alex J. McCarthy,® Willem van Wamel,” Stien Vandendriessche,® Jesper Larsen,” Olivier Denis,® Cristina Garcia-Graells,®
Ann-Catrin Uhlemann,® Franklin D. Lowy,” Robert Skov,“ and Jodi A. Lindsay®
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Lifestock-associated CC398 MRSA

e Multi-resistant
— To antibiotics
— High diversity of resistance genes
e Tetracycline: tetM, tetK, tetL,...
e Aminoglycosides
e MLS: ermA, ermC, ermT,..

— To heavy metals (Zn,..)

e Absence of gene encoding toxins
— PVL, TSST-1
— enterotoxin negative




Kadlec K et al. AAC 2010

Human CC398 MSSA

mecA negative
Particular genotype t571
MLS; inducible phenotype

— Encoded by ermT which is an unusual
cause of macrolide resistance

— First described in staphylococci from
bovine or porcine origin

Found in humans without
livestock contact

Responsible of human infections



Methicillin-susceptible Staphylococcus aureus ST398-t571 harbouring
the macrolide-lincosamide-streptogramin B resistance gene erm(T)
in Belgian hospitals

Stien Vandendriesschel2* Kristina Kadlec?, Stefan Schwarz?® and Olivier Denis?

!Laboratoire de Référence MRSA-Staphylocoques, Service de Microbiologie, Université Libre de Bruxelles, Hopital Erasme, Brussels,
Belgiurm; *Veterinary and Agrochemical Research Center (VAR), Brussels, Belgiumn; *Institute of Farm Animal Genetics,
Friedrich-Loeffler-Institut (FLI), Neustadt-Mariensee, Germany

*Corresponding author. Service de Microbiologie, Hépital Erasme, 1070 Brussels, Belgium. Tel: +32-2-555-69-71; Fax: +32-2-555-31-10,
E-mail: stien.vandendriessche@ulb.ac.be

Received 19 May 2011; retumed 23 June 2011; revised 25 July 2011; accepted 27 July 2011

Objectives: Methicillin-resistant Staphyococcus aureus (MRSA) and methicillin-susceptible 5. aureus (MS5A),
collected from 109 Belgion acute-care hospitals during a national survey in 2008, were investigated for
macrolide -lincosamide (ML) resistance with particular emphasis on the analysis of erm(T)-carrying isolates.

Methods: In total, 314 MRSA and 212 M55A were collected and characterized by spa typing. The SCCmec type of
MRSA was determined. Resistance to ML antibiotics was detected by agar dilution and resistant strains were
screened by PCR for erm(A), ermi(C) and msrA). Five ML-resistant MSSA isolates, negative by PCR for the
aforementioned genes, were further characterized.

Results: Half of all MRSA isolates (n=157; 50.0%) were resistant to erythromycin and harboured the gene
ermi{A) (n=112), erm(C) (n=41), erm(A)+erm(C) (n=3) or msr(A) (n=1). The erm(A) gene was mainly
present in MRSA spa-CC002-5T5-5CCmec 1T and spa-CCO08-STE-SCCmec IV (where CC stands for clonal
complex and 5T stands for sequence type); the distribution of erm(C) was more diverse. Thirty-five of the 40
enythromycin-resistant M55A4 (18.9%) carried the gene erm(A) (n=17), erm(C) (n=9) or msr(A} (n=9). The
remaining five M55A were ST398-t571 isolates, which exhibited dosely related Apal PFGE patterns, harboured
the gene erm(T) in the chrormosomal DNA and did not exhibit additional resistances. These isolates were from
severe infections in patients, of whom four had no contact and one had only indirect contact with livestock via
a family member working in animal husbandry.

of ML- reslstunt MRSI—". and M5SA |5|:|lutes The erm(T) gene was |der|t|f|ed in MS54A ST398 isolates from five inde-
pendent patients who lacked direct contact with livestock.

Vandendriessche S et al. JAC 2011



Meticillin-resistant Staphylococcus aureus with a novel mecA
homologue in human and bovine populations in the UK and
Denmark: a descriptive study

Laura Garcfa-Atvarez, Matthew TG Holden, Heather tindsay, Cerian R Webb, Derek £ | Brown, Martin D Curran, Enid Watpole, Karen Brooks,
Derek f Pickard, Christopher Teale, fulian Parkhill, Stephen D Bentley, Gifes F Edwards, E Kirsty Girvan, Angefa M Kearns, Bruno Pichon,
Robert L RHIM Anders Rhod Larsen, Robert £ Skow, Sharon f Peacock, Dunczn f Maske! Mark A Holmes

Unusual MRSA clones harboring mecC gene into SCCmec Xl
Belonging to clone CC130, CC705, ST425
Reported in the UK, Denmark, Ireland, Germany, France... and Belgium
Isolated from various animals

— Bovine but also dog, rabbit, rat, seal, sheep, chaffinch

— Causing mastitis

Isolated from humans causing SSTI, arthritis, bacteremia or
asymptomatic carriage

Problems of detection
— Low level resistance to oxacillin and cefoxitin
— No detection by usual PCR targeting mecA

Lancet Infect Dis. 2011 Aug;11(8):595-603.
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Genetic diversity among methicillin-resistant Staphylococcus aureus
isolates carrying the mecC gene in Belgium

Ariane Deplano*, Stien Vandendriessche, Claire Nonhoff and Olivier Denis

National Reference Centre — Staphylococcus aureus, Department of Microbiology, Hopital Erasme, Université Libre de Bruxelles,
Brussels, Belgium

*Corresponding author. Tel: +32-2-5556971; Fax: +32-2-5553110; E-mail: ariane.deplano@erasme.ulb.ac.be
Received 12 November 2013; returned 9 December 2013; revised 15 January 2014; accepted 19 January 2014

Objectives: A mecA homologue gene, named mecC, has been reported in methicillin-resistant Staphylococcus
aureus (MRSA) isolates from humans and from diverse animal species. We investigated the proportion, and
the phenotypic and genotypic characteristics, of mecC-carrying MRSA recovered from humans in Belgium.

Methods: A total of 4869 S. aureus isolates, collected by the National Reference Centre from 2003 to 2012,
were retrospectively analysed for the presence of mecC. The mecC-carrying MRSA isolates were tested for
phenotypic resistance and the presence of toxin genes. Genotyping was performed using spa typing and
multilocus sequence typing.

Results: Nine S. aureus isolates, mecA negative but cefoxitin resistant (MIC 16-64 mg/L), were found to carry the

aona Amana tha a d ro an aWal7s o (A - s O aatalla

susceptible to all non-g-lactam antimicrobials. Although the proportion of mecC-carrying MRSA in Belgium was
low (<1% per year), mecC-MRSA were assigned to three distinct genetic lineages corresponding to clonal com-
po

Conclusions: This first Belgian nationwide analysis showed a low occurrence of mecC-MRSA. Further studies
should be conducted to better understand the reservoirs and risk factors for mecC-MRSA acquisition.
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Linezolid resistance

« Two mechanisms of resistance

— Mutations in domain V of 23S rRNA (G2576T) or other genes
encoding ribosomal proteins

— Methylation of nucleotide A2503 = transferable mechanism
« cfr gene located on plasmids
* PhLOPS, resistance phenotype

« Described in Staphylococcus aureus and CoNS isolates
from animals and humans including Belgium

* Resistance: rare (<1%) but outbreaks occured

Vanderhaeghen W, et al. JAC 2012 Clinical Outbreak of Linezolid-Resistant
Diaz L et al. AAC 2012 Staphylococcus aureus
Morales G et al. CID 2012 in an Intensive Care Unit

Sanchez Garcia M et al. JAMA 2010

Miguel Sanchez Garcia, MD, PhD

Context Linezolid resistance is extremely uncommon in Staphyviococcus avreus



cfr-Positive MRSA ST398

e LA-MRSA ST398

e Resistance to chloramphenicol
and clindamyin

e Linezolid susceptible ?

e Not detected by disk diffusion
using CLSI guidelines

e MICto linzolid =12 mg/L




Emergence of cfr-positve S. aureus in Belgium

e Humans
— 1464 S. aureus isolates from 2013 to 2015 sent by 167 laboratories
— 30 resistant to chloramphenicol, clindamycin and/or linezolid
— One cfr-positive MRSA belonging to CC398 collected from patient with SSI

— Linezold MIC = 12 mg/I

e Animals
— Occasionally found in S. aureus and non S. aureus

- PIgS, veals Characterization of methicillin-resistant non-Staphylococcus aureus
staphylococci carriage isolates from different bovine populations

Wannes Vanderhaeghen’?* Stien Vandendriesschel-3, Florence Crombél2, Stephanie Nemeghairel, Marc Dispas?,
Olivier Denis?, Katleen Hermans?, Freddy Haesebrouck? and Patrick Butayel?

Results: The MRNAS (n=101) carriage rate was estimated as 30.259% (95% CI 6.14% -74.28%) in veal calves,
13.1% (95% CI 1.28%-63.72%) in dairy cows and 24.8% (95% CI 11.97%- 44.42%) in beef cows. Carriage
rates were not significantly different between the three populations (P=0.05). mecA aazs1 was not detected.
Most (n==80) MRNAS were identified as Staphylococcus sciur, Staphylococcus lentus or Staphyococcus fleurettii.

ciprofloxacin was frequently detected. Two linezolid ant MRNAS from veal calves carried the multidrug

resistance gene cfr. SCCmec cassettes of type III predominated (n=46); another 40 SCCmec cassettes har

cassettes were detected in low frequencies, especially in methicillin-resistant Staphylococcus epidermidis.
Condusions: The SCCmec types predominating in bovine MRNAS differ from those mostly detected in livestock-
associated methicilin-resistant S. aureus strains, Yet, the detection of ¢fr and the high level of other antimicro-
bial resistances suggest a potentially important role of bovine MRNAS as a reservoir for resistance determinants
other than 5CCmec.



Health Protection Agency- National Resistance Alert — September 2012

Potentially transferable linezolid resistance

in Enterococcus faecium in the UK

Background:

Resistance to the axazolidinone antibiotic linezolidis rare (<1 % of isolates), but can ocourinenterccocci and staphylococd.
It usually imvohves mutations (most often G2576T) in chromosomal genes encoding 235 ribosomal BNA, the target of
oazolidinones. This type of resistance can be selected during therapy, but the risk is small unless treatment is prolonged
(seweral weeks). Mutational resistance is not fransferable, so infection control to prevent onward transmission of the
strain will also prevent spread of the resistance.

Plasmid-mediated linezolid resistance has also been desdibed, mediated by the oT gene. ot encodes a 235 rRNA
methyltransferase, which modifies ribosomal RNA to block binding of linezolid (and clindamydn, chloramphenicol, and
dalfopristin. o has been found mostly in staphylococc (both 5. aureus and coagulase-negative species) from both
humans and animals, with outbreaks in Spain and the USA. There are only three reports of O in enterococci. The first,
from 2010, describes one E. faecalis and two E. faegum in Madrid; subsequent reports describe single oT-positive
E. faecalis isolates in Bangkok (Thailand) and Sichuan (China). Prior to the events below, off had not been found in the
L. Cir has greater public health potential than mutational linezolid resistance since infection control measures may
not successfully contain the resistance as the o gene may ‘escape,’ transfeming among strains, species and genera and
establishing resenvoirs in skin and gut bacteria.

 Seven cfr-positive VRE from 5 patients on a UK renal patient
 High resistance to linezolid (MICs > 8 mg/l)

* Index-patient
— Admitted to hospital after travell from India
— Co-colonization with VIM- P. aeruginosa and NDM- E. coli



Worldwide dissemination of
ESBL type CTX-M

a Lebanon, b Israel, ¢ Kuwait |:| Others

Hawkey PM et al. JAC 2009 suppl 1; i3



Globalization of ESBL-positive Enterobacteriaceae
in the community from different reservoirs

Paul-Louis Woerther et al. Clin. Microbiol. Rev.
2013;26:744-758



Emergence ESBL positive E. coli in PSSl
animals

* Livestock animals and pets

— Dogs, horses, poultry

 Meat contamination (the Netherlands, 2009)

— 112 samples (total 262) contaminated by ESBL positive
Enterobacteriaceae

— Chicken (34,0%), beet (32,4%), pork (21,8%)
ooe=Esa

DeMorgen.be La résistance de la bactérie ESBL transmissible aux

bactéries humaines
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New superbug resistant to antibiotics

and more difficult to tackle than MRSA , . , .
Les bacteries ultraresistantes

gagnent du terrain
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Carbapenemases- Enterobacteriaceae
Reservoirs
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Dissemination of NDM-1 positive bacteria in the New Delhi
environment and its implications for human health: an
environmental point prevalence study

Timothy R Walsh, |anis Weeks, David M Livermore Mark A Toleman

-

Palarn airport

B Secpage samples
W Water samples 3km
|

Figure 1: Map of NOM.-1-positive samples from Mew Delhi centre and sumounding ansas

Walsh T et al. Lancet Infect Dis. 2011 May;11(5):355-62.
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W Colistin resistance: a major breach in our last line of defence
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In this Leading article, we summarize curent knowledge of the occurrence of the first and so far only transferable
colistin resistance gene, mcr-1. Its location on a conjugative plasmid is likely to have driven its spread into a range
of enteric bacteria in humans and animals. Screening studies have identified mcr-1 in five of the seven continents
and retrospective studies in China have identified this gene in Escherichia coli originally isolated in the 1980s,
while the first European isolate dates back to 2005. Based on the widespread use of colistin in pigs and poultry
in several countries and the higher number of mcr-1-carrying isolates of animal origin than of human origin,
it is tempting to assume that this resistance may have emerged in the animal sector. Whatever its origin,
interventions to reduce its further spread will require an integrated global one-health approach, comprising
robust antibiotic stewardship to reduce unnecessary colistin use, improved infection prevention, and control
and surveillance of colistin usage and resistance in both veterinary and human medicine.



Table 1. Tslbationof bactera camying mer-1

Bactena Hemt Coirtry Wear[) of Bolatian B e 4)
E coli chichesn meal, pork, pmgs, humans China 2011 -14 5
M T i huirman Chima 2004 5
Linionawn human Mecnieme Chana belane 2011 3
E coif K piesnmaioe humans Chima 2014-15 9,10
E eoli bk fraal Chiafa 20704 11
Uinionawn human Mecniome China Befare 2011 12
E coli Furmans Chima 2015 13
E cali chichens Chana 1980 -89, 2004, 2006, 2009-14 14
E aemgenes, E cloacoe humans Chima 20704 15
E eoli Fuifnang Chiafa 2015 16
E coli hurman Chima 2015 17
E coli dogE, oM Chima 2016 17
E coli humans: China 2015 18
E coli huirman Cambadno 2012 15
E coli cattle pig Japan 2012 -13 0
E coli hurmans, pigs Laas 2012 21
E cali pig, ehichand Media 2013 I3
E coli chithens, g, waber Malaysia 2013 2
E coli chichens, pig, hurman, chicken feed wiater Malaysia 2013 3
E coli Furrans Teswmry 2000, 2012, 2014 24
E coli retail medt (besf, chicken, park) Tawemary 2012-13, 2015 24
E coli Furmang Thailand 2012 21
E coli pics and slaughterhouss emnionment Vistnam 2014 -15 25
E coli chitien, pigs Viatnam 2013 -14 26
E samine hufnan Vistmaim 2008 7
E coli oalhes, molels Bedqgium 2011-12 28
E coli i Bedginrn 2011-12 r.:]
E coli hurman patient, imponed dbcken meat Denmark 2012-15 30
E coli Furmang Framon 2012 21
Salmanealla Dy sausage France 2013 31
Samaneila Paratyphi 8 food af poultry asgin Frerue 2012 31
Eamaneila 1.4 5], 12— boot swalb from braler fasn Framce 2013 E} |
E coli weal cabves France 2005 -14 32
E coli pigs Framon 2011, 2013 3
E cali bmilers France 2013 -14 33
E coli Turkesys France 20704 33
E coli i Garmany 2010-11 3
E coli hurman Germany 2014 34
E coli Furmang Geoal Britain 2013 -14 35
Samanalia 14 5], 125 humans: Gmal Brilain 2012, 201 4-15 35
Samoneli Typhimurium Furmans Geeal Britain 2015 35
Samanalila Virdhow human Gmal Brilain 2014 35
Samaneila Paratyphi 8 paultry meat, hufman Gt Brltain 2014-15 35
E eoli P Geal Brlan 2015 36
Samanalla Typhimuriom pig Gmat Brikain 2015 36
E coli Furmans Ttaky 2013-15 37
E cali humans: Ttaky 2015 38
E cofi Eurapenn hesing quil Lithwiania 2016 ;]
E eoli Fuifnda Pesbard 2015 Lol
Samanalla Typhimuriom faad sampe Partuga 2011 8
Samanaila Typlirmuriuem retail medt |chicken, besl pork) Partugal 2011-12 4l
E cali Turkesys Spain 2011, 2003-14 42
Samanella Typlirmurium P Spain 2008 -11 42
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Colistin resistance gene
mcr-1 harboured ona
multidrug resistant
plasmid

In The Lancet Infectious Diseases,
Yi-Yun Liu and colleagues reported, for
the first time, plasmid-mediated colistin
resistance in Escherichia coli isolated
from animals, food, and patients in
China.! These data bring to the fore
an as yet unknown facet of colistin
resistance and yet again show the effect
of antibiotic use in animal farming
on human health.* We screened a
selection of 105 colistin-resistant

Malhotra-Kumar S et al. Lancet Infect Dis 2016

that did not include the transposase-
encoding tnpA gene. pKH-457-3-BE
showed 99% similarity (73% query
coverage) to plasmid pHXY0908
(GenBank access number KM877269)
identified in Salmonella enterica sero-
type Typhimurium isolated from

pHNSHP45, pKH-457-3-BE harboured
several resistance-encoding genes to tri-
methoprim (dfrA1), tetracycline (tetA),
aminoglycoside (aadA1, aph(6)-Id or stré,
and aph(3")-IbfstrB), and sulphonamide

(sul1) antibiotics. Phenotypic testing

—chicken stool in China By contrastwith

@

showed absence of extended-spectrum
B-lactamase and carbapenemase
production in all mer-1 positive strains.
We show a marked presence of mer-1
in animal pathogenic bacteria in Europe,
an indication that this is already a truly
global phenomenon. That mer-1 was
present in E coli circulating in Belgian
farm animals during 2011-12 and
was harboured on a different plasmid
backbone than the one isolated from
pigs in China (Incl2) or from imported
chicken meat in Denmark (IncX4)
indicates a high promiscuity of this gene
guided by the adjoining mobile element.
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FIGURE 4

Countries (n = 30) reporting presence of mcr-1 in samples of animal, environmental or human origin (data collected till 27
June 2016)

I mcr-1 gene detected

Adapted from [15]; updated using data from [14,16,17,25-27].
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