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S. aureus



Mortality in Staphylococcus aureus bacteraemia remains high despite
adherence to quality indicators: secondary analysis of a prospective
cohort study

Monotherapy with cloxacillin/cefazolin or vancomycin/daptomycin (MRSA 20%)
30-day mortality 21.5%

Willekens R et al. J Infect. 2021 Dec;83(6):656-663



• 290 pts with MRSA bacteremia were
on monotherapy.

• 124/290 pts (43%) > 2 days of
bacteremia.

• 659/987 pts (67%) were on
monotherapy.

• 192/315 pts (61%) with > 2 days of
bacteremia were on monotherapy.

Minejima E et al Clin Infect Dis, 2019; Kuehl et al Lancet ID, 2020



S. aureus sensibile alla penicillina



Daptomicina o peptidi naturali sono detergenti che
fanno perdere la penicillinasi a S. aureus. Questi ceppi PSSA
sono meno sensibili a peptidi naturali e daptomicina
Ed anche più virulenti







Staphylococcus aureus

Cefoxitin screening

BMD ≤ 4 mg/L
DD ≥ 22 mm

BMD > 4 mg/L
DD < 22 mm

MSSA MRSA

Recommended methods for detection of methicillin resistance in S. aureus

PCR for mecA/mecC
latex agglutination for PBP2a 

protein

PSSA
BORSA

oxacillin MICs 1-8 mg/L

The European Committee on Antimicrobial Susceptibility Testing. Breakpoint tables for interpretation of MICs and zone diameters. Version 14.0, 2024. http://www.eucast.org; The EUCAST guideline on detection of resistance mechanisms v 2.0
(2017-07-11) ; EUCAST Expert Rules v 3.2 February 2023

Assessment of antimicrobial susceptibility in physiologic media

http://www.eucast.org/


Borderline oxacillin-resistant Staphylococcus aureus (BORSA)

• Borderline strains that contain mecA:
• extremely heterogeneous methicillin-resistant strains that produce PBP2a; the population

contains a small fraction (10-6) of highly resistant cells (MIC, >100 μg/ml)1,2.
• Borderline resistance in mecA-negative strains (MRLMs):

• modification of normal PBP genes with altered drug reactivities 1,2;
• Hyperproduction of PBPs 1,3.

• Overproduction of beta-lactamase, which can by sheer high local amounts result in significant
hydrolysis of beta-lactams (e.g., cefazolin) that are generally fairly resistant to hydrolysis
(inoculum effect).

1 Chambers HF Clin Microb Rev, 1997; 2 Tomasz A et al. AAC, 1989; 3 Henze UU et al. AAC, 1995; Sakoulas G et al. J Clin Microbiol. 2024 Jan 17;62(1):e0036623; Lai L-Y et al. mBio. 2024
May 8;15(5):e0288923



BORSA with oxacillin MIC ≥ 4 mg/L: a therapeutic challenge

Mechanism of BORSA phenotype Treatment

mecA gene Treat as MRSA

Overproduction of beta-lactamases Daptomycin, BPR, CPT, BL-BLIC (confirmed
significant decrease in the MIC (≥ 2 doubling
dilutions) or increase in disk diffusion zone size (≥ 5
mm) with the addition of a β-lactamase inhibitor;
dalbavancin (if vanco S) and oritavancin

PBP mutations or overproduction Vancomycin, daptomycin, daptomycin + beta-
lactam combinations; dalbavancin (if vanco S) and 
oritavancin

Hryniewicz MM et al. J Med Microbiol. 2017 Oct;66(10):1367-1373; Skinner S et sl. J Clin Microbiol. 2009 Mar;47(3):859-61; Clinical and Laboratory Standards Institute. 2007. Performance standards for antimicrobial susceptibility
testing; 17th informational supplement.M100-S17, vol. 27, no. 1. Clinical and Laboratory Standards Institute, Wayne, PA; Personal opinion
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EUCAST Clinical Breakpoint Tables v. 14.0, valid from 2024-01-01; Nizet V.. EBioMedicine. 2017 Aug;22:26-27



Antibiotic susceptibility performed in physiologic media better predicts
activity in vivo compared to susceptibility testing performed in bacteriological
media

Ersoy SC et al. EBioMedicine. 2017 Jun;20:173-181



Are MRSA really MRSA?: the curious case of “bicarbonate responder”
MRSA
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Ersoy SC et al. Antimicrob Agents Chemother. 2020 Apr 21;64(5):e02445-19.

P=0.008



In an ex-vivo model of endocarditis bicarbonate-responsive MRSA can be effectively treated
as MSSA with beta-lactams

CFZ 2 g q8h OXA 2 g q6h

NaHCO3 causes repression of PrsA, a cell membrane protein that is required for PBP2a full post-translational maturation and expression

Rose WE et al. Antimicrob Agents Chemother. 2020 Feb 21;64(3):e02072-19
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VISAhVISA VRSA

VAN MIC > 2 mg/L

http://www.eucast.org/


Vancomycin MIC in MRSA

WILD TYPE

ECOFF ≤ 2mg/L

Clinical breakpoints: 2 mg/L

European Committee on Antimicrobial Susceptibility Testing. Data from the EUCAST MIC distribution website, last accessed 22 May 2024”. http://www.eucast.org



≥ 164 - 8≤ 2

ResistantIntermediateSusceptible

VSSA hVISA

VISA VRSA

Susceptible Hetero-resistance

hVISA strains have  sub-
populations with different 
levels of susceptibility to  
glycopeptides

VISA=Vancomycin-intermediate S. aureus
hVISA= heterogenous VISA



VISA: resistance mechanism

VSSA

VISA

Glycopeptide Trapping at cell 
wall

Vanco MIC: >2 – <16 mg/L
Teico MIC: >8 – <32 mg/L

CLSI 2008; FDA 2008



Hetero-VISA

• S. aureus with MIC in the range of susceptibility (1-2 mg/L) 

• Sub-populations with MIC of  4-8 mg/L, frequency 1 every 
106-107 bacteria

• Routine tests performed with  104-105 bacteria: difficult to 
find



TOLLERANZA ALLA  Vanco
Vancomycin tolerance is a state in which the 
bacteria are “stunned” or kept in check but not 
killed by vancomycin. That is manifested in the 
laboratory by a ratio of minimum bactericidal 
concentration to MIC greater than 32.

Clin Infect Disease. 2006 Jan 1;42 Suppl 1:S13-24



Frequency of hVISA among MRSA blood isolates saved intermittently
between 1996 and 2006, stratified according
to the vancomycin MIC.

Musta AC et al. J Clin Microbiol. 2009 Jun;47(6):1640-4





Prevention of clinical failure and persistent bacteremia

Adamu Y et al. PLoS One. 2024 Feb 21;19(2):e0293423

Clinical failure

Persistent bacteremia





Daptomycin 
plus oxacillin 
synergism



daptomycin

Ca2+

S. aureus S. aureus

Miller WR et al. Cold Spring Harb Perspect Med. 2016 Nov 1;6(11); Foster TJ et al. Trends Microbiol. 2019 Jan;27(1):26-38; Dhand A et al. Clin Infect Dis. 2011 Jul 15;53(2):158-63; Berti AD et al. Antimicrob Agents Chemother. 2013 Oct;57(10):5005-12; Berti AD et al. Antimicrob
Agents Chemother. 2015 Nov 2;60(1):451-8;

cell division septum

1
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2 2a 4



PBP1 is important in the compensatory response of Staphylococcus aureus
to daptomycin-induced membrane damage

Sub-inhibitory concentrations od daptomycin

No-antibiotic control

PBP1 PBP2 PBP3 PBP4

Berti AD et al. Antimicrob Agents Chemother. 2015 Nov 2;60(1):451-8



H-VISA



Clinical data on daptomycin plus ceftaroline versus standard
of care monotherapy in the treatment MRSA bacteremia

N = 17

N = 23
VAN = 21
DAP = 2

Geriak M et al. Antimicrob Agents Chemother. 2019 Apr 25;63(5):e02483-18



IL-1β concentrations in patient sera
treated with G/L or β-L antibiotic at day 1,
day 3, and day 7 of therapy.

IL-10 concentrations in patient sera treated
with G/L or β-L antibiotic at day 1, day 3,
and day 7 of therapy.

Interleukin (IL)-1β and IL-10 host responses in patients with SAB
determined by antimicrobial therapy

Clinical Infectious Diseases 2020;70(12):2634–40



Imipenem e molte cefalosporine
sono sinergiche contro MRSA
miglior combinazione con cefamandolo





Blood culture clearance  post-Day 10

Holland TL et al. N Engl J Med. 2023 Oct 12;389(15):1390-1401

0% MRSA 50% MRSA







Fattori che influenzano la persistenza:
Immunodepressione
Virulenza degli isolati batterici
Fonte dell’infezione: emendabile o meno
Terapia antibiotica: tempestiva ed adeguata
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Ampicillin and gentamicin combination vs Enterococcus spp.

hours hours

HLAR

ampicillin Ampicillin and ampicillin + gentamicin

Control and 
gentamicin

ampicillin + gentamicin



Fernández-Hidalgo N et al.. Clin Infect Dis. 2013 May;56(9):1261-8





Beta-lactam binding to enterococcal PBPs in standard growth conditions

PBP1 PBP2 PBP3 PBP4 PBP5 PBP6
Ceftobiprole ✓ ✓ ✓ ✓↑ ✓ ∑
Ceftaroline ✓ ✓ ✓ ✓ ✓↑ ∑
AMP/AMX ∑ ∑ ∑ ✓ë ✓ë ë

Mainardi JL et al. Antimicrob Agents Chemother. 1995 Sep; 39(9): 1984–
1987.
Gavaldà J et al. Antimicrob Agents Chemother. 1999 Mar;43(3):639-46.
Henry X et al. Antimicrob Agents Chemother. 2010 Feb; 54(2): 953–955.
Henry X et al. Antimicrob Agents Chemother. 2013 Dec;57(12):6358-60.
Syed YY. Drugs. 2014 Sep;74(13):1523-42.
Moon MT et al. Biol Chem. 2018 Nov 30;293(48):18574-18584
Lazzaro ML et at. Front Cell Infect Microbiol. 2022 Jan 20;11:816657
Klare I et al. Antimicrob Agents Chemother. 1992 Apr;36(4):783-7







Crescita batterica:
Più è verde maggiore la crescita

SFICI

MIC CRO

MIC AMPI









Paziente trapiantato di fegato

• Problemi dell’anastomosi biliare con raccolta di 20 cm periepatica 
drenata

• Emocolture positive per VRE da Maggio a Novembre 2024 con nessun 
sintomo!!!!

• VRE marcatore di malattie non controllate



Vancomycin variable Enterococci
(VVE), sensibile al test
fenotipico ma possiede gene VanA
inducibile in vivo







Conclusioni

• S. aureus sensibilità alla penicillina
• S. aureus casi gravi testare anche in bicarbonato
• hVISA
• (citokine?)
• E. faecalis: sequenziare i casi che hanno fallito ampi cefalosporine
• E. faecium VRE: verificare la virulenza
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