
CA-MRSA
why such a failure in Europe ?

F. Vandenesch, MD, PhD
J.P. Rasigade, MD, PhD 

INSERM U1111, University of Lyon, National Reference Center for Staphylococci

	 	
	



H-MRSA
In community

Three categories of MRSA

HOSPITAL

COMMUNITY

H-CA-MRSA

LA-MRSA

LIVESTOCK

MSSA +mecA
- iec

LA-MRSA
(2000)

H-MRSA
(historical)

CA-MRSA
(1990s)



CA-MRSA distribution

Deleo et al., Lancet, 2010 



MRSA = MSSA + SCCmec element

Hiramatsu, Infect & Chemother. 2013 



SCCmec
classification

Baig, Infect Genet Evol. 2018 



SCCmec: a convenient vehicle for 
virulence genes

Planet et al, JID 2015
Thurlow et al. Cell Host & Microbe 2013

Alonzo et al, Cell Host & Microbe 2013

ACME contributes to S.aureus
survival on and within human skin



-> mecA increases doubling time

C.A. Gustave et al,  ISME J 2018
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-> mecA increases doubling time doubling time 

-> ACME is associated with reduced doubling 
time

C.A. Gustave et al,  ISME J 2018
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Doubling time

-> Isogenic strains confirm the opposite effect of 
ACME and SCCmec on doubling time

C.A. Gustave et al,  ISME J 2018
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Doubling time

C.A. Gustave et al,  ISME J 2018

Kana, Ery R

-> ATB resistances (Oxacilline, aminoglycosides, 
macrolides, fluroquinolones, tetraccylcine) 
increased doubling time

-> ACME is associated with reduced doubling time



Doubling time

C.A. Gustave et al,  ISME J 2018

Cipro R

-> ATB resistances (Oxacilline, aminoglycosides, 
macrolides, fluroquinolones, tetraccylcine) 
increased doubling time

-> ACME is associated with reduced doubling time







SCCmec: a convenient vehicle for other
resistance genes

Planet et al, JID (2015)
Purves J, Environ Microbiol (2018)

USA300 NA and LV SCCmec share an hyperesistance locus to copper



SCCmec: a convenient vehicle for other
resistance genes

Planet et al, JID (2015)
Purves J, Environ Microbiol (2018)

USA300 NA and LV SCCmec share an hyperesistance locus to copper
USA300 LV SCCmec encodes a mercury resistance gene



Planet et al. J Infect Dis 2015

• 2 distinct clades (South America

and North America) that
segregate by geographical
region

• ACME in NA clade
• COMER in SA (or LV) clade 

• SA and NA clades diverged
before the emergence of 
the USA300 epidemic in NA



USA300 LV in Latin America
• USA300-LV is the dominant CA-MRSA clone in 

Colombia, Ecuador, Peru, Trinitad and 
Venezuela

Reyes, Clin Infect Dis 2009
Alvarez, Am J Infect Control 2010 

Garcia, J Infect 2011 
Monecke, Eur J Clin Microbiol Infect Dis 2011 

Sola, Plos One 2012
Nimmo, Clin Microbiol Infect 2012

Arias, AAC 2017



USA300 LV in Latin America
• USA300-LV is the dominant CA-MRSA clone in 

Colombia, Ecuador, Peru, Trinitad and 
Venezuela

• -> Why such success in these countries ?

Reyes, Clin Infect Dis 2009
Alvarez, Am J Infect Control 2010 

Garcia, J Infect 2011 
Monecke, Eur J Clin Microbiol Infect Dis 2011 

Sola, Plos One 2012
Nimmo, Clin Microbiol Infect 2012

Arias, AAC 2017



https://www.worstpolluted.org/projects_reports/display/87



https://www.worstpolluted.org/projects_reports/display/87



Human exposure to Mercury in Golden mines !



(historical) CA MRSA build up at genomic level

Vandenesch et al. Emerging Infect Dis (2003)
Li et al. J Infect Dis (2010)

Chua KYL et al. PLoS ONE (2011)
Carpaij et al. PLOS One (2011)

• Genetically distinct 
lineages

• conserved repertoire of 
accessory elements
– PVL harbouring phage
– SCCmec type IV or V
– pMW2



Diseases associated with PVL
– Severe CA-pneumonia occurring in healthy adolescent and 

adults, leucopenia, hemophtysis, rash
• Gillet et al. Lancet 2002; Gillet et al Clin Infect Dis. 2007; Gillet et al ERJ 2021 

(prospective study, 163 patient cohort)

– Severe anc chronic primary bone and joint infections: 
extraosseous involvement, myositis
• Panton NP, Valentine FCO.Lancet 1932; Martinez-Aguilar G, Pediatr Infect Dis 

J. 2004; Bocchini CE, Pediatrics. 2006; Dohin, Pediatr Infect Dis J. 2007

– Primary cutaneous infections, pyomyositis



Lina et al. Clin Infect Dis. 1999; Del Giudice et al. Dermatology. 2009 and 2011; Yamasaki et al. Clin Infect Dis. 2005

Cutaneous infections and  PVL



• Folliculitis, furoncles, 
primary abscesses 

• Severity: larger, more 
erythematous and more 
painful furuncles

• Recurence of furunculosis: 
– 63% of patients with PVL-positive furunculosis

– 17% of PVL-negative (Yamasaki CID 2005)

Lina et al. Clin Infect Dis. 1999; Del Giudice et al. Dermatology. 2009 and 2011; Yamasaki et al. Clin Infect Dis. 2005

Cutaneous infections and  PVL



Pathogenesis mechanism ?

• PVL may ->  S.aureus penetration 
of the hair follicles and progress 
from  folliculitis, to furunculosis.

• Mechanism unknown but might 
be secondary to moonligting 
function of PVL signal peptide

http://healthmd.blogspot.fr/2011/10/infected-hair-

follicle-symptoms-and.html

RN6390spa 

on HaCat 

Keratinocytes

RN6390spa PVL

on HaCat 

Keratinocytes

Tristan et al. PLoS ONE 2009



(historical) CA MRSA build up at genomic level

Li et al. J Infect Dis (2010)

• Genetically distinct 
lineages

• conserved repertoire of 
accessory elements
– PVL harbouring phage
– SCCmec type IV or V
– pMW2

• Increased expression of 
core-genome-encoded
virulence factors



USA300 strain
cluster within an 
enclosed Brooklyn 
community



PVL and carriage ?

• pelvic sites and gut carriage 
have been associated with 
CA-MRSA (Faden H, Pediatrics. 2010, 

Miko BA, Microbes Infect. 2012

• PVL-positive adhere more 
strongly than PVL-mutant to 
mucus-producing intestinal cells
(Couzon F, bioRxiv 2020)
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WT PVL-positive outcompete Delta-PVL mutant 

in a gut colonization model in mice
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Why should have CA-MRSA succeeded?

• Short SCCmec -> potentially lower fitness cost
• ACME in USA300 

– Contributes to cutaneous infections
– Compensates fitness cost of mecA

• PVL
– Increases severity of cutaneous infection -> increases CFU –> 

increases transmission
– Favor extra-nasal carriage -> lower efficiency of decolonisation

• Increased expression of virulence factors
• -> Expected Natural evolution of resistant strains



Epidemiological evidences of sucess
… in the US



CA-MRSA distribution

Deleo et al., Lancet, 2010 



High Prevalence of MRSA USA300 among 422 
Emergency Department Patients with SSTI 

7/13 (54%)

24/47 (51%)

18/30 (60%)

26/42 (62%)

46/69 (67%)

43/58(74%)

11/28 (39%)
4/20 (20%)

32/58 (55%)

17/25 (68%)

23/32 (72%)

Moran GJ et al.  N Engl J Med 2006;355:666-74. 

S. aureus isolated 

from 320 of 422 pts
MRSA 59%



USA300 (ST8) has become prevalent in 
hospitals

• Atlanta Grady Memorial hospital 2004

– 116 MRSA from bloodstream infection: 34% = USA300

– 28% of nosocomial bacteremia are caused by USA300

• Detroit, MI, hospital - 2005 to 2007

– 20% of nosocomial bacteremia are caused by USA300

• San Francisco long-term care facility 2002-2006

– USA300 increased among MRSA isolates from 11.3% in 
2002 to 64% in 2006

Seybold U et al CID 2006;42:647-56
Chua T et al. J. Clin. Microbiol. 2008;46:2345–2352

Tattevin et al. Emerg. Infect. Dis.2009;15:953–955



Epidemiological evidences of sucess
… in the US

…. but not in Europe



• overall burden of CA-MRSA in European countries is
hindered by differences in the definitions used

• The proportion of CA-MRSA / total MRSA range
– between 1% and 2% in Spain and Germany

– 29–56% in Denmark and Sweden, partly reflecting the low
prevalence of HA-MRSA in these Scandinavian countries

• Among outpatients with S. aureus infections, MRSA 
accounted for 6% in the Ligurian region in Italy, 14% 
in Germany, 18% in France and 30% in Greece

Köck et al.. Euro Surveill (2010)



• Methodology = Moran’ like: Patients admitted to emergency room with S.aureus SSTI
• 8 centers-countries
• 205 cases of S. aureus-associated CA-SSTIs 
• 34 MRSA: prevalence 15.1% with a north (UK 0%) to south (Greece 29%) gradient
• 51 PVL-positive including 19 MRSA strains: 10 CC80, 3 CC5, 1 USA300..



Country with higher prevalence: Algeria

• 1800 bed-Mustapha Pacha Hospital

• 221 S.aureus infections collected in 2007

• 84 CA infection

– MRSA 40.5% : ST80 PVL+

• 137 HA infection

– MRSA 47.4% = 3/4 of ST80 PVL+

Antri et al. Clin Microbiol Infect (2011) 17:526-32



Genomic evidences of sucess
(and decline)





• CA-MRSA emerged independently on 
different continent outside hospitals

• Bayesian approaches on large genomic
datasets: antibiotic resistance is concomitant 
to strong demographic expansion
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Transmission index of the ST8 ancestor and USA300 subclades

Gustave CA, BiorXiv 2020

Sequential
acquisition of 
PVL, mecA, ACME 
and COMER 
increases
epidemic success



Evolution des clones de SARM-Co en France ?
Données du CNR
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● Baisse de la prévalence de European caMRSA Clone
● Hausse de la prévalence du Southwest Pacific Clone, du CC8-MRSA-IV (PVL+) et 

du CC22-MRSA-IV (PVL+)
● Emergence du CC152-MRSA-XIII (PVL+) depuis 2018

CLONES SARM PVL+ MAJORITAIRES 

ET ÉMERGENTS DEPUIS 2015
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Why it did not work in Europe?

• Neither USA300, nor ST80 or the other lineages really 
succeeded in Europe

• Health care system?

• Prison and jails?

• MSM?

• Antibiotic consumption in the community: oral 3rdG 
cephalosporin?



CA-MRSA
why such a failure in Europe ?

We do not know!



CA-MRSA
why such a failure in Europe ?

We do not know!

• -> science is not all powerful!
• -> a lesson in humility and modesty
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-> e.g. FQ concentration can be as high as 240 ug/L in HWW and 5.7 ug/L in surface water
-> Favour AB entry AND accumulation into biota: vegetables, crops, aquatic plants, and animals

Gothwal et al. CSAWAC 43 (2015)
Van Doorslaer et al., Sci Total Environ 2014 



A trivial scenario

• ACME acquisition (USA300) and slight increased expression 
of virulence factors may have contributed to the success via 
enhanced inter-human transmission

• The most striking event is the acquisition of resistance 
genes
– > biological cost of antibiotic resistance genes is totally reversed 

in the presence of trace amount of antibiotics
– > Inappropriate antibiotic use / antibiotic in the environment may 

have driven the expansion 

• A novel link between effective population size and a 
selective advantage conferred by antibiotic resistance  






