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Hot-spots and drivers of antimicrobial 
resistance (AMR)
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Horizontal transfers of resistance genes

DNA exchange between bacteria belonging to same or different 
genus/species

Tenover F, CID 2001; 33: S108-115
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• Horizontal and vertical transmission
– Vertical transmission by clonal expansion

– Horizontal transmission: plasmid mediated conjugation

Transmission and spread of antimicrobial resistance
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• Microscopic and macroscopic transmission

Transmission and spread of antimicrobial resistance

Cytoplasmic bridge

Air bridge



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



• ESBL & carbapenemase 

producing Enterobacteriacae

– Klebsiella and Enterobacter

• Carbapenemase producing 

& MDR Pseudomonas 

• MDR Acinetobacter

The challenging multi-drug
resistant nosocomial pathogens

• Staphylococcus aureus

(MRSA, GISA, GRSA)

• Glycopeptide-Resistant 

Enterococci (GRE)

Enterococcus faecium, Staphylococcus aureus,  Klebsiella spp, Acinetobacter 

baumannii, Pseudomonas aeruginosa, Enterobacter spp
= ESKAPE

Gram-Positive f Gram-Negative



Methicillin-resistant S. aureus (MRSA)

• Acquisition of mec gene encoding PBP2a

– PBP2a shows low affinity to -lactams

– Cross-resistance to all -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 attBSCC at the end of orfX

– Often contain plasmids or transposons carrying resistance genes

Ito t. et al. Antimicrob Agents Chemother 2012;4997
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Staphylococcal Cassette Chromosome mec
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Hiramatsu et al. Infect Chemother 2013;45(2):117-136 .

Classification according to 
• Types: combination of mec and ccr
• Variants: difference into junkyard regions.

SCCmec Type ccr Type mec

I (1B) 1 A1B1 B

II (2A) 2 A2B2 A

III (3A) 3 A3B3 A

IV (2B) 2 A2B2 B

V (5C2) 5 C1 C2

VI (4B) 4 A4B4 B

VII (5C1) 5 C1 C1

VIII (4B) 4 A4B4 A

IX (1C2) 1 A1B1 C2

X (7C1) 7 A1B6 C1

XI (8E) 8 A1B3 E
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MRSA transmission between 
humans and pets

• Transmission within households, veterinary hospitals 
and farms
– Dogs, cats but also rabbits, parrots, … horses

– HA-MRSA
• ST22-SCCmec IV, ST8-SCCmec II
• 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



Armand-Lefevre L. et al. EID 2005:11

Voss A. et al. EID 2005:11

Bens C. et al. JCM 2006:44

MRSA and livestock animals

• France
– Molecular analysis 

• 44 S. aureus from healthy pig farmers over 7 departments

• 14 S. aureus from swine infections

• 5 MRSA

• 16 ST including ST9 and ST398

• 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 SmaI PFGE analysis

– By MLST all isolates belonged to ST398



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 (IX, 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

Denis o. et al. EID 2009



MRSA carriage among veterinarians in Belgium 
and Denmark

Garcia-Graells C et al. Epidemiol. Infect 2011



• Human clade associated 
with bacteriophage 3
– Immune Evasion Cluste

– Absence of tetM gene 
encoding tetracycline 
resistance

– MSSA

• LA-MRSA
– MRSA

– tetM gene

– Bacteriophage 7



Lifestock-associated CC398 MRSA

• Multi-resistant

– To antibiotics

– High diversity of resistance genes

• Tetracycline: tetM, tetK, tetL,…

• Aminoglycosides

• MLS: ermA, ermC, ermT,..

• ….

– To heavy metals (Zn,..) 

• Absence of gene encoding toxins

– PVL, TSST-1

– enterotoxin negative



Human CC398 MSSA

• mecA negative

• Particular genotype t571

• MLSB 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

Kadlec K et al. AAC 2010



Vandendriessche S et al. JAC 2011



• Unusual MRSA clones harboring mecC gene into SCCmec XI

• 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.



Epidemiology and host range
mecC MRSA found in multiple host species across Europe

Scotland

England

Norway

Sweden

Finland

The 

Netherlands

Denmark

Belgium

Germany

Austria

Switzerland

Spain

France

Ireland





CMI oxacilline : 6 mg/l
CMI céfoxitine : 24 mg/l

mecC - MRSA

Positive PCR mecC



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

• PhLOPSA 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
Diaz L et al. AAC 2012
Morales G et al. CID 2012
Sánchez García M et al. JAMA 2010



cfr-Positive MRSA ST398

• LA-MRSA ST398

• Resistance to chloramphenicol 
and clindamyin

• Linezolid susceptible ?

• Not detected by disk diffusion 
using CLSI guidelines

• MIC to linzolid = 12 mg/L



Emergence of cfr-positve S. aureus in Belgium

• 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/l

• Animals
– Occasionally found in S. aureus and non S. aureus

– Pigs, veals

Paridaens H et al. submitted

Vanderhaegen W et al. JAC 2013

Peeters LEJ et al. Vet Microbiol 2015

Angeles Argudin M et al Res Vet Science 2015



• 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

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 
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%), beef (32,4%), pork (21,8%)





Carbapenemases- Enterobacteriaceae
Reservoirs

With courtesy
From P. Nordmann



Walsh T et al. Lancet Infect Dis. 2011 May;11(5):355-62. 



Paterson D Lancet Infect Dis 2016
Schwartz JAC 2016
Liu YY L ncet Infect Dis 2016

mcr-1 Plasmid-mediated gene
encoding phosphoethanolamine
transferase
Modification lipid A





Malhotra-Kumar S et al. Lancet Infect Dis 2016







Resistance is no more limited to bacteria
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