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Transmission pathways of antimicrobial resistanc
among different habitats and ecosystems
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Hot-spots and drivers of antimicrobial
resistance (AMR)
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Genetic basis of resistance: Transferable resistan
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Horizontal transfers of resistance genes

DNA exchange between bacteria belonging to same or differer
genus/species
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Transmission and spread of antimicrobial resistan

A Horizontal and vertical transmission

I Vertical transmission by clonal expansion
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ransmission and spread of antimicrobial resistan

Microscopic and macroscopic transmission
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Themolecularepidemiology
of antimicrobial resistanceX A yhutshell

The genes move between plasmids ¢dromosomes)
...and

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

The bacteria move between hosts and settings



Gram-Positive

Thechallengingmulti-drug
resistantnosocomialpathogens

GramNegative

A Staphylococcus aureus
(MRSA, GISA, GRSA)

A Glycopeptide-Resistant
Enterococci (GRE)

A ESBL & carbapenemase
producing Enterobacteriacae
I Klebsiella and Enterobacter

A Carbapenemase producing
& MDR Pseudomonas

A MDR Acinetobacter

Enterococcus faeciunaphylococcus aureysKlebsiella sppAcinetobacter  _ ESKAPE
baumannij PseudomonaseruginosaEnterobacter spp




Methicillin-resistantS. aureugsMRSA)

A Acquisition of mec gene encoding PBP2a

I PBP2a shows low affinity to b-lactams

I Cross-resistance to all b-lactams, except for the novel anti-MRSA
cephalosporins

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

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

mecgene ccrgene
complex complex
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Ito t. et al. Antimicrob Agents Chemother 2012;4997



Staphylococcal Cassette Chromosomec
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Staphylococcal Cassette Chromosomec
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Human-to-Dog

MRSA transmission between  memiieiotant

Staphylococcus

humans and pets

Maurice J.H.M. Wolfhagen,t Adrienne T.A. Box,}
Max E.O.C. Heck,§ Wim J.B. Wannet,§
and Ad C. Fluitt

A Transmission within households, veterinary hospitals
and farms
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I HAMRSA
A ST22SC@eclV, STSCaecll
A Transmission of nurse to her baby and dog

I PVL positive CAMRSA
A ST8BSCdeclV, USA300 STRC@eclV
A Familial outbreaks with recurrent infection

Rankin S. et al. Vet Microb. 2005:108
van Duijkeren E. et al.GM. 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

urerming MRSA andivestock animals

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

A pig-farming
Smal isolates
3 -ATCC 29213
[ EEEESET NE
. - " NN T3 pig-farming
xmal {P a9 isolates
_
LS - ATCC 29213

A Netherlands

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

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

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

ArmandLefevre 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
)

I Almost monoclonal belonging to CC398

A Highly frequent in Europe but also in the USA

A In Asia ST9

A Acquisition of the SCCmecV but also |V, o0VII O nev
I Often multi-resistant
I High prevalence in some human populations

A Veal farmers (58%), pig farmers (38%), Veterinarians (7.5%) (Belgium)




Distribution of LAMRSA CC398
Farmers versus pigs, 2007

Farmers Pigs
spa t011 SCCmec IVa
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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 | (2-4) 0 (0)

Total MRSA | (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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w Human clade associated
with bacteriophagd 3
cccccccccc ¢ Immune Evasiofluste

¢ Absence ofetM gene
encoding tetracycline
resistance

¢ MSSA
w LAMRSA
¢ MRSA
¢ tetM gene
¢ Bacteriophagé 7



Lifestockassociated CC398 MRSA

w Multi-resistant

¢ To antibiotics

¢ High diversity of resistance genes
w TetracyclinetetM, tetK, tetL> X
w Aminoglycosides
w MLS ermA ermG ermT,..
wX®

¢ Toheavy metals (Zn,..)

w Absence of gene encoding toxins
¢ PVL, TSSI
¢ enterotoxinnegative




Human CC398 MSSA

e

mecAnegative
Particular genotype t571
MLS inducible phenotype

¢ Encoded bermTwhich 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



