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Transmission pathways of antimicrobial resistance 
among different habitats and ecosystems

Acute/chronic care facilities

Community Travel

Pets
Direct contacts

Household exposure

Livestock animals
Direct contact
Consumption 

Environment
Soil

Water
Manure/sewage

Wildlife
Environmental 

pollution



Hot-spots and drivers of antimicrobial 
resistance (AMR)

Singer AC Frontiers in Microbiology 2016
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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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ÅHorizontal and vertical transmission
ï Vertical transmission by clonal expansion

ï Horizontal transmission: plasmid mediated conjugation

Transmission and spread of antimicrobial resistance
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ÅMicroscopic and macroscopic transmission

Transmission and spread of antimicrobial resistance

Cytoplasmic bridge

Air bridge



The molecularepidemiology
of antimicrobial resistanceΧƛƴ ŀ 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



ÅESBL & carbapenemase 

producing Enterobacteriacae

ïKlebsiella and Enterobacter

ÅCarbapenemase producing 

& MDR Pseudomonas 

ÅMDR Acinetobacter

The challengingmulti-drug
resistantnosocomial pathogens

ÅStaphylococcus aureus

(MRSA, GISA, GRSA)

ÅGlycopeptide-Resistant 

Enterococci (GRE)

Enterococcus faecium, Staphylococcus aureus,  Klebsiella spp, Acinetobacter 

baumannii, Pseudomonasaeruginosa, Enterobacter spp
= ESKAPE

Gram-Positivef Gram-Negative



Methicillin-resistantS. aureus (MRSA)

ÅAcquisition of mec gene encoding PBP2a

ïPBP2a shows low affinity to b-lactams

ïCross-resistance to all b-lactams, except for the novel anti-MRSA 

cephalosporins

ïThree different types described: mecA, (mecB), mecC

ÅThe mec gene is integrated into mobile genetic element

ïStaphylococcal cassette chromosome mec (SCCmec)

ïChromosomal insertion at the attBSCC at the end of orfX

ïOften contain plasmids or transposons carrying resistance genes

Ito t. et al. Antimicrob Agents Chemother 2012;4997
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Staphylococcal Cassette Chromosome mec

08/05/2015 11

Hiramatsu et al. Infect Chemother 2013;45(2):117-136 .

Classification accordingto 
Å Types: combinationof mec and ccr
Å Variants: differenceinto junkyardregions.

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

ÅTransmission within households, veterinary hospitals 
and farms
ï5ƻƎǎΣ Ŏŀǘǎ ōǳǘ ŀƭǎƻ ǊŀōōƛǘǎΣ ǇŀǊǊƻǘǎΣ Χ ƘƻǊǎŜǎ

ïHA-MRSA
ÅST22-SCCmec IV, ST8-SCCmecII
ÅTransmission of nurse to her baby and dog 

ïPVL- positive CA-MRSA
ÅST80-SCCmecIV, USA300 ST8-SCCmecIV
ÅFamilial 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

ÅFrance
ïMolecular analysis 

Å44 S. aureus from healthy pig farmers over 7 departments

Å14 S. aureus from swine infections

Å5 MRSA

Å16 ST including ST9 and ST398

ÅNetherlands
ïUnexpected cases of MRSA in population without known risk factor 

and correlated with pig-farming or with pigs

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

ï All MRSA strains were not typeable by SmaI PFGE analysis

ï By MLST all isolates belonged to ST398



Spread outside 
the hospital environment 

)

ïAlmost monoclonal belonging to CC398

ÅHighly frequent in Europe but also in the USA

ÅIn Asia ST9

ÅAcquisition of the SCCmecV but also IV,òVIIò new variants (IX, X)

ïOften multi-resistant 

ïHigh prevalence in some human populations

ÅVeal 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



ωHuman clade associated 
with bacteriophage f3
ςImmune Evasion Cluste

ςAbsence of tetM gene 
encoding tetracycline 
resistance

ςMSSA

ωLA-MRSA
ςMRSA

ςtetM gene

ςBacteriophage f7



Lifestock-associated CC398 MRSA

ω Multi -resistant

ς To antibiotics

ς High diversity of resistance genes

ωTetracycline: tetM, tetK, tetLΣΧ

ωAminoglycosides

ωMLS: ermA, ermC, ermT,..

ωΧΦ

ς To heavy metals (Zn,..) 

ω Absence of gene encoding toxins

ς PVL, TSST-1

ς enterotoxin negative



Human CC398 MSSA

ω mecAnegative

ω Particular genotype t571

ω MLSB inducible phenotype
ς Encoded by ermTwhich is an unusual 

cause of macrolide resistance

ς First described in staphylococci from 
bovine or porcine origin

ω Found in humans without  
livestock contact

ω Responsible of human infections

Kadlec K et al. AAC 2010


