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Gram-θετικά παθογόνα με τις σημαντικότερες θεραπευτικές 
προκλήσεις σήμερα

CDC       PHAC*

• Staphylococcus aureus             serious threat                    high priority

• Enterococcus faecium serious threat            medium-high priority

• Streptococcus pneumoniae      serious threat            medium-low priority

*PHAC: Public Health Agency of Canada



Σταθμοί στην αντοχή των Gram-θετικών κόκκων

• 1946: στελέχη Staphylococcus aureus με αντοχή σε φυσική πενικιλλίνη (παραγωγή πενικιλλινάσης)

• 1961: πρώτο στέλεχος Staphylococcus aureus με αντοχή στα β-λακταμικά (MRSA) σε νοσοκομείο σε 

UK (mecA, SCCmec)

• 1961-1967: σποραδικές επιδημίες από ΗΑ-MRSA, 1968-1995 ενδημικό νοσοκομειακό παθογόνο

• 1967: απομόνωση στελέχους πνευμονιοκόκκου οροτύπου 4 με MICpenicillin: 0.5 μg/ml από φάρυγγα 

τρίχρονου αγοριού στη Ν. Γουινέα; 1977: επιδημία στη Ν. Αφρική με στέλεχος με MIC 2-8 μg/ml

• 1980: ευρεία χρήση βανκομυκίνης και ανάδυση VISA/ GISA

• 1981: πρώτη εμφάνιση CA-MRSA, 1982 επιδημία σε χρήστες στο Detroit, Michigan, 1980-1990 

επιδημίες

• 1988: πρώτη απομόνωση VRE στη Γαλλία, 1989 εμφάνιση VRE σε UK

• 1990-:  ευρεία διασπορά CA-MRSA 

• 2005 : πρώτη απομόνωση LA-MRSA σε άνθρωπο/ ανάλογα στελέχη από μαστίτιδα αγελάδων 

αναφέρονται από το 1975 (mecC, SCCmec XI)



SCCmec types







Εnterococcus faecium και 
αντοχή σε γλυκοπεπτίδια
EARS-net 2018



Eπιδημιολογία των VRE στην Ελλάδα

• Κυρίως είναι  στελέχη Εnterococcus faecium

• Kυριότερο γονίδιο vanA

• Πολυκεντρική μελέτη του 2007 από διάφορα ελληνικά νοσοκομεία έδειξε επικράτηση του CC17

(ST16, ST16, ST203, ST412)

• Σημαντική η επιδημιολογική επιτήρηση (εμφανίζονται νέα στελέχη, αλλαγή από vanΑ σε vanB)*

• Vancomycin-resistant Enterococcus faecium sequence type 796 - rapid international dissemination of a new epidemic clone. Antimicrob Resist Infect Control 2018  22;7:44.

Aυστραλία/ Νέα Ζηλανδία



Πνευµονιόκοκκοι και β-λακτάµε̋

• πρώτη εμφάνιση το 1969, ορότυπος 4 από φορεία στο φάρυγγα ενός τρίχρονου 

αγοριού στη Ν. Γουινέα (MICpenicillin: 0.5 mg/L, Susceptible: E, Chl, Te)

• 1977 επιδημία στη Ν. Αφρική από στέλεχος με MICpenicillin: 2-8 mg/L, Resistant :

Chl, E, Te)

• διασπορά σε όλο τον κόσμο MDR πνευμονιόκοκκοι

• σημαντική η συμβολή των πολυ-σακχαριδικών εμβολίων στον περιορισμό της 

αντι-μικροβιακής αντοχής μέσω περιορισμού του αποικισμού

(PCV7: 6B, 9V, 14, 19F, 23F ενώ το PCV13 : 6B, 9V, 14, 19F, 23F και 19A)



Streptococcus pneumoniae
Αντοχή σε πενικιλλίνη (ΕARS-NET 2017)



Συμμετοχή: 9 Eυρωπαικές χώρες, 
Περίοδος: από 11/2010  έως 8-2011

Ρινικά επιχρίσματα υγιών ατόμων (4-90 ετών) 



This nationwide study assessed the antimicrobial susceptibility and seroprevalence of 

Streptococcus pneumoniae in paediatric carriage isolates and in clinical isolates from adult 

pneumococcal disease in Greece during the years 2004-2006. 

Among 780 isolates recovered from the nasopharynx of children <6 years old attending day-care 

centres, non-susceptibility rates to penicillin was 34.7%, 25.1% cefuroxime, 1.0% ceftriaxone, 

33.5% erythromycin, 26.4% tetracycline and 44.2% trimethoprim/sulfamethoxazole 

Among 89 adult clinical isolates, the respective rates were 48.3% to penicillin , 46.1% to 

cefuroxime, 5.6% to ceftriaxone, 48.3% to erythromycin, 32.6% to tetracycline and 40.4% to

trimethoprim/sulfamethoxazole . 

Int J Antimicrob Agents 2007 Jul;30(1):87-92. 

Nationwide surveillance of Streptococcus pneumoniae in Greece: patterns of resistance and serotype 

epidemiology.



The emerging problem of linezolid-resistant enterococci 

Bi R et al. J Glob Antimicrob Resist 2018

• First report of a linezolid-resistant vancomycin-resistant Enterococcus faecium strain in Greece. Bersos Z, 

Maniati M, Kontos F, Petinaki E, Maniatis AN. J Antimicrob Chemother. 2004 ;53(4):685-6

• Linezolid-resistant enterococci in Greece: epidemiological characteristics. Spiliopoulou I, Damani A, Chini V, 

Zerva L, Kolonitsiou F, Anastassiou ED, Petinaki E. Chemotherapy. 2011;57(3):181-5. 

Mετάλλαξη G2576T 23SrRNA,  CC17

• Detection in Greece of a clinical Enterococcus faecium carrying the novel oxazolidinone resistance poxtA. 

Papagiannitsis CC, Tsilipounidaki K, Malli E, Petinaki E. J Antimicrob Chemother. 2019 ; 74(8):2461-2462

ST117, CC17

• First detection of an optrA- positive linezolid-resistant ST16 Enterococcus faecalis from human in Greece. 

Tsilipounidaki K, Gerontopoulos A, Papagiannitsis C, Petinaki E. New Microbes New Infect. 2019;29:10051







In vitro activity of daptomycin against Gram-positive cocci: the first multicenter study in Greece

Int J Antimicrob Agents. 2008 ;32(6):525-8

Activity of vancomycin, linezolid and daptomycin against staphylococci and enterococci isolated in 

Greek hospitals during a 5-year period (2008-2012) 

Diagn Microbiol Infect Dis. 2015 ;83(4):386-8 (see Table)

Glycopeptide and daptomycin susceptibility and vancomycin heteroresistance of methicillin-resistant 

Staphylococcus aureus (MRSA) clinical isolates from a Greek university hospital 

Int J Antimicrob Agents. 2011; 38(5):451-2

hVISA MIC DAPTO1.5 mg/L



CLSI, EUCAST :      <=1mg/L staphylococci
CLSI,   IE        :      <=4mg/L enterococcii







In Vitro Activity Of Ceftaroline And Comparators Against Staphylococcus aureus Isolates: 
Results From 6 Years Of The ATLAS Program (2012 to 2017)

Infect Drug Resist 2019;12:3349-3358



CEFTAROLINE RESISTANCE BY CLONE-SPECIFIC POLYMORPHISM IN PENICILLIN-BINDING PROTEIN 2A OF 
METHICILLIN-RESISTANT STAPHYLOCOCCUS AUREUS

Antimicrob Agents Chemother 2018;62(9). 

A total of 281 nonduplicated Staphylococcus aureus blood isolates were collected from January to May 2017 from eight hospitals in South 

Korea to investigate the epidemiological traits of ceftaroline resistance in methicillin-resistant S. aureus (MRSA). Cefoxitin-disk diffusion tests 

and the mecA gene PCR revealed that 56.6% (159/281) of the S. aureus isolates were MRSA, and most belonged to ST5 (50.3%, 80/281) and 

ST72 (41.5%, 66/281). Of the MRSA isolates, 44.0% (70/159) were nonsusceptible to ceftaroline (MIC ≥ 2 mg/liter), whereas all of the 

methicillin-susceptible S. aureus isolates were susceptible to the drug. 

Eight amino acid substitutions in penicillin-binding protein 2a (PBP2a), including four (L357I, E447K, I563T, and S649A) in the penicillin-

binding domain (PBD) and four (N104K, V117I, N146K, and A228V) in the non-PBD (nPBD) of PBP2a, were associated with ceftaroline

resistance. The accumulation of substitutions in PBP2a resulted in the elevation of ceftaroline MICs: one substitution at 1 to 2 mg/liter, two 

or three substitutions at 2 to 4 mg/liter, and five substitutions at 4 or 16 mg/liter. Ceftaroline resistance in MRSA might be the result of 

clone-specific PBP2a polymorphism, along with substitutions both in PBD and nPBD, and the elevated ceftaroline MICs were associated with 

the substitution sites and accumulation of substitutions.



Nationwide surveillance of resistance rates od Staphylococcus aureus clinical isolates from Greek 
hospitals 

2012-2013 Infect Dis (Lond). 2016 ; 48(4):287-292

A total of 1005 isolates (39% MRSA) were studied. 

Susceptibility rates were: erythromycin 66.5%, clindamycin 79.2%, SXT 98.9%, rifampicin 97.3%, fusidic acid 67%, moxifloxacin 

78.8%, vancomycin 99.9%, ceftaroline 92.9% and linezolid, tigecycline and daptomycin 100%.

Characterization of methicillin-resistant Staphylococcus aureus displaying increased MICs of ceftaroline

4 Staphylococcus aureus ΜΙC 4 μg/ml,  Aθήνα 2008

J Antimicrob Chemother 2012; 67(6):1321-4.





In In In In VitroVitroVitroVitro Activities of Activities of Activities of Activities of CeftarolineCeftarolineCeftarolineCeftaroline and Comparators against Streptococcus pneumoniae and Comparators against Streptococcus pneumoniae and Comparators against Streptococcus pneumoniae and Comparators against Streptococcus pneumoniae 
Isolates from U.S. Hospitals: Results from Seven Years of the AWARE Surveillance Isolates from U.S. Hospitals: Results from Seven Years of the AWARE Surveillance Isolates from U.S. Hospitals: Results from Seven Years of the AWARE Surveillance Isolates from U.S. Hospitals: Results from Seven Years of the AWARE Surveillance 
Program (2010 to 2016Program (2010 to 2016Program (2010 to 2016Program (2010 to 2016)))) Antimicrob Agents Chemother 2018 ;62(2). 







Activity of dalbavancin and comparator agents against Gram-positive cocci from clinical 
infections in the USA and Europe 2015-16

J Antimicrob Chemother 2018; 73(10):2748-2756. 

Objectives: 

To evaluate the activity of dalbavancin against GPC isolated from a variety of infection types in the USA and Europe.

Methods: 

A total of 14 319 Staphylococcus aureus, 1992 CoNS, 3269 β-haemolytic streptococci (BHS), 2071 Enterococcus faecalis, 936 Enterococcus 

faecium, 71 Enterococcus gallinarum/casseliflavus and other Enterococcus spp., 3487 Streptococcus pneumoniae and 1063 viridans group 

streptococci (VGS) causing clinical infections were consecutively collected (2015-16) and tested for susceptibility by broth microdilution 

methods.

Results: 

All S. aureus (36.4% MRSA) isolates were susceptible to dalbavancin, teicoplanin and vancomycin, while daptomycin and linezolid showed 

susceptibility rates of >99.9% (according to CLSI criteria). Dalbavancin MIC results were at least 16-fold lower than these comparators against 

all S. aureus. Dalbavancin was the most potent agent against CoNS [62.2%/59.6% methicillin-resistant (CLSI/EUCAST)], followed by 

daptomycin, linezolid and vancomycin. All vancomycin-susceptible E. faecalis isolates were inhibited by dalbavancin at ≤0.25 mg/L (FDA 

susceptible breakpoint). Dalbavancin was very active against BHS (MIC90 0.03 mg/L) and the most active agent against S. pneumoniae and 

VGS (highest MIC 0.25 mg/L). Ceftriaxone, daptomycin, levofloxacin and vancomycin were also active (93.5%-100.0% susceptible) against 

VGS, whereas clindamycin, erythromycin, penicillin and tetracycline had lower activity.

Conclusions: 

Dalbavancin appears to be a viable candidate for treating serious infections caused by GPC.



Εμπειρία στο ΠΓΝΛ

• Staphylococcus aureus (MRSA+MSSA)  MICDALBACANCIN : 0.032-0.064 mg/L

• Enterococci -VSE                                        MICDALBACANCIN : 0.023-0.047 mg/L

• Enterococci -VRE (vanA, vanB)                 MICDALBACANCIN : 0.023- 32 mg/L







Tedizolid susceptibility in linezolid- and vancomycin-resistant Enterococcus faecium isolates. Eur J Clin

Microbiol Infect Dis 2016 ;35(12):1957-1961

Here we tested tedizolid activity in a collection of 30 LR Enterococcus faecium VRE (MIC range 32-256 mg/l) isolated 

between 2012 and 2015 from clinical and screening specimens. All isolates, carried mutations within the 23S rDNA. 

Compared to linezolid, tedizolid MICs were lower in all isolates (MIC range 2-32 mg/l), but remained above the 

FDA tedizolid breakpoint for E. faecalis at 0.5 mg/l. Thus, related to the predominant resistance mechanism, 

tedizolid is of limited value for treatment of most LR-VRE and represents a therapeutic option only for a limited 

subset of isolates.

Σε στελέχη που φέρουν το cfr η MIC στην telizolid είναι πολύ χαμηλότερη από τη linezolid

Καμία διαφορά σε στελέχη με το optrA γονίδιο



Εμπειρία στο ΠΓΝΛ

Mηχανισµό̋ αντοχή̋    ΜΙClinezolid

ΜΙCtedizolid

• Staphylococcus epidermidis               G2576T                         24mg/L               4mg/L

• Staphylococcus epidermidis         T2504A+2534               >256mg/L        

12mg/L

• Enterococcus faecium G2576T                         >256mg/L          32mg/L

• Enterococcus faecium poxtA 24mg/L          

0.75mg/L

• Enterococcus faecalis G2576T                            >256mg/L         32mg/L

• Enterococcus faecalis optrA 32mg/L           

1.5mg/L



ΕΥΧΑΡΙΣΤΩ ΠΟΛΥ ΓΙΑ ΤΗΝ ΠΡΟΣΟΧΗ ΣΑΣ


