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Staphylococcus aureus 

• Major opportunistic pathogen responsible for infections 
both in hospitals and in the community 
 

• Clinical manifestations 
– Pyogenic infections : Skin and soft tissue infections to endocarditis 

– Toxin mediated diseases : SSSS, SFP, TSS 
 

• Master of creating/picking up resistance determinants 

 

1942 

Pen R 
1961 

Oxa R 
1969 

Genta R 1997 

Vanco I 

2002 

Vanco R 

Plasmid 
Plasmid 

Tn4001 
Plasmid 

Tn1546 
SCCmec 

Mutation 



Penicillin resistance 

• Production of penicillinase 

– Encoding by blaZ 

– Inhibited by clavulanic acid 

– Tested by cefinase test or by disk diffusion method 

– Difficult to detect in coagulase negative staphylococci 

Susceptible Resistant 



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 

08/05/2015 5 

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 



Which penicillins to test for detection of 
methicillin resistance? 

S. aureus with oxacillin MIC > 2 mg/l are mostly MRSA due to the presence of mecA gene 



Which cephalosporins to test ? 

• Cefoxitin 
– Interpretation  for all penicillins, cephalosporins and carbapenems 

with the exception of anti-MRSA cephalosporins (ceftaroline, 
ceftobiprole) 

– Disk diffusion 
– Interpretative criteria according to species 

 
 
 
 
 

– MIC values > 4 mg/l can be considered as methicilin-resistant 
– Confirmation 

• PCR for mecA and mecC genes 
• PBP2a detection by immunochromatographic or latex assay  
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CMI oxacillin : 6 mg/l 
CMI cefoxitin : 24 mg/l 
 
Negative PCR mecA 

Methicillin-resistant S. aureus ? 

Positive PCR mecC 

Less than 1% of MRSA sent to reference lab 



Epidemiology and host range 
mecC MRSA found in multiple host species across Europe 
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Anti-MRSA cephalosporins 
Ceftaroline 

• New anti-MRSA cephalosporin 

• Increased affinity to PBP2a 

• Low emergence of ceftaroline resistant S. aureus 
– From mutations in native pbp genes (PBP2 and PBP3) or mecA 

– Overexpression of pbp4 gene 

 

Argudin M et al. JAC 2016 

Lahiri SD JAC 2016 
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MLS resistance in staphylococci  

Genes Mode of action Resistance phenotype 

Ery Clinda 
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* According to the phenotype inducible or constitutive 



Resistance phenotype 
to ML 
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Antagonism 

If presence of antagonism between clindamycin 
and erythromycin, clindamycin should be 
reported as resistant 



Aminoglycoside modifying enzymes 

Genes Resistance phenotype 

aph(3’) Kana, amika*, isepa* 

ant(4’) Kana, Tobra, amika*, isepa* 

aac(6’)-aph(2’’) Kana, Tobra, Genta, amika*, isepa*, netil* 

* Faible activité bactériostatique, perte de synergie avec -lactamine et glycopeptide 
Resistance to amikacin is determined by using kanamycin (MIC> 8 mg/l) 
Breakpoints are different between S. aureus and coagulase-negative staphylococci 



Aminoglycosides resistance 

Tobra 
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Phenotype K 
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Tobra Kana Tobra 
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ant4’ 

Resistance to amikacin can be deducted by  kanamycin resistance (MIC > 8 mg/L) 



Vancomycin resistance in  
Staphylococcus aureus 

Susceptible population Hetero low-level resistance 
(hVISA) 

Heterogenous population 
10-6 to 10-9 resistant bacteria 

Low-level resistance 
(VISA) 

Homogenous population 

High resistance 
(VRSA) 

Homogenous population 



  MIC (mg/L) for  

  Vancomycin Teicoplanin 

  S I R S I R 

EUCAST for S. aureus 2   >2 2   >2 

EUCAST for CoNS 4     >4 4     >4 

CLSI for S. aureus 2 4-8 16 8 16 32 

CLSI for CoNS 4 8-16 32 idem 

Glycopeptide breakpoints  
for Staphylococci, 2016 

http://www.eucast.org/clinical_breakpoints/ 

CLSI 2014 M100-S24 

http://www.eucast.org/clinical_breakpoints/
http://www.eucast.org/clinical_breakpoints/


• Genetic environment 
– Multiple point mutations leading to modified peptidoglycans synthesis 
– No van genes and not linked to methicillin resistance 

 

•  Thickness of cell wall 
–  synthesis of peptidoglycan ,  autolytic activity,  residues D-Alanyl-D-

Alanine  
 

• Absorption of GLYCOPEPTIDES  into bacterial cell wall before extern 
membrane surface 
 

  Low level resistance and reversible 
Teicoplanin > vancomycin  
MIC to vancomycin 4 – 8 mg/L 

 

Hiramatsu K. 2001. The Lancet Infect. Dis. 1:147 

Low level resistance 

Denis O. et al. JAC 2002;50:755 



Mechanism of high level resistance 

• Transfer of Tn1546 carrying vanA gene 
– E. faecalis   S. aureus  

• Modification of peptidoglycan synthesis 
– Substitution of D-Ala-D-Ala by D-Ala-D-Lac 

–   affinity to vancomycin 103 

• High level resistance 
– Vancomycin >> teicoplanin 

– MIC vancomycin > 16-256 mg/l 

 

 

 

• Frequency 
– Only about 30 cases reported from USA, India, Iran, Brazil and Portugal 

Gould IM Lancet Infect. Dis 2012  



Challenge for detection of glycopeptide 
resistance in Staphylococci 

• Disk diffusion 

–  Cannot be used for (h-)GISA  

• Detection of (h-)GISA 

– As proven difficult 

– Divided into screening and confirmation 

– Screening: macromethods, GRD, agar screen 

– Reversible phenotype 



MIC determination for GISA and GRSA 

• Broth microdilution = gold standard 

• May also be determined by 

– Gradient strip methods (E-test), agar dilution 
and automated systems 

– E-tests show MICs with 0.5-1 two-fold dilution 
steps higher than broth microdilution 

– Isolates with MICs >2 mg/L should be 
confirmed 

 

HIP5827 



Screening method for GISA 

• Macromethod 
– Should not be reported as MICs 

– Does not differentiate between hGISA and GISA  

– High inoculum (2,0 McF) on BHI agar for 48h 

 

• GISA detection by gradient test  
– Double strip vancomycin and teicoplanin 

– 0.5 McF on MH agar for 24 and 48h 

 



Laboratory performance of methods for 
detection hGISA 

Howden BP et al.  Clin Microbiol Reviews 2010 

As low prevalence, low positive predictive value 



Confirmation test 

• Population analysis profile-area under curve (PAP-AUC)  

– Isolate screening positive for reduced susceptibility 

– Not identified as GRSA or GISA by MIC determination 

• Method 

– Population analysis for vancomycin 

– Determine ratio of AUC of test organism vs Mu3 (ATCC 700698) 
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Linezolid resistance 

• Mechanisms of resistance 
– Mutations in domain V of 23S rRNA (G2576T) or other genes encoding 

ribosomal proteins 

– Transferable mechanisms on plasmids  

• Methylation of nucleotide A2503 encoded by cfr gene located on plasmids 
resistance to PhLOPSA 

• ABC transporter encoded by optrA gene only in S. sciuri resistance to PhO 

• Described in S. aureus and CoNS isolates from animals and 
humans including Belgium 

• Resistance: rare (<1%) but outbreaks occurred 

 

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 linezolid = 12 mg/L 



Emergence of cfr-positive  
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 

– Linezolid MIC = 12 mg/l 

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

– Pigs, veals 

Vanderhaegen W et al. JAC 2013 

Peeters LEJ et al. Vet Microbiol 2015 

Angeles Argudin M et al Res Vet Science 2015 



MRSA + mupA 

High-level of mupirocin 
resistance confered by mupA 

> 256 mg/l 

Mupirocin resistance 



MRSA + mupA négatif 

Low-level resistance to 
mupirocin (2-256 mg/l) 



Few examples 
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