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We investigated the antibiotic susceptibility of glycopeptide-resistant enterococci (GRE). Seventy consecutive GRE were tested. 
Sixty-two isolates were identified as Enterococcus faecium (88.6%), and 8 (11.4%) as Enterococcus faecalis. All strains were 
susceptible to linezolid and daptomycin, while 17.1% (12/70) and 11.4% (8/70) were resistant to quinupristin/dalfopristin (QD) 
and tigecycline, respectively. All E. faecalis isolates were resistant to QD, while 4 of 62 (6.5%) E. faecium isolates were resistant 
to QD. All E. faecalis isolates were susceptible to tigecycline, while 14.5% (9/62) E. faecium isolates were resistant. Continued 
surveillance of GRE antibiotic susceptibilities is important for combating these multi-resistant nosocomial pathogens.
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Brief Communication

Glycopeptide resistant enterococci (GRE) were first report-

ed in Europe in 1988, and have since then been implicated as 

causative pathogens in nosocomial infections worldwide [1, 2]. 

In US hospitals, the number of infections caused by vancomy-

cin resistant enterococci (VRE) increased from 9,820 in 2000 

to 21,352 in 2006 [3]. GRE tend to colonize and infect immu-

nocompromised hospitalized patients on prolonged courses 

of antibiotics [4]. These strains are generally resistant not only 

to vancomycin and teicoplanin, but also to various other anti-

microbials due to intrinsic (low-level resistance to β-lactams 

and aminoglycosides) and acquired (high-level resistance to 

aminoglycosides) mechanisms. The emergence of resistance 
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to newer classes of antibiotics is particularly worrisome, since 

it severely limits the available treatment options. The problem 

is further compounded by the potential transfer of GRE resis-

tance genes to other pathogenic organisms, such as Staphylo-

coccus aureus and Streptococcus species.

Several new antimicrobials demonstrate in vitro activity 

against GRE, namely linezolid, daptomycin, quinupristin/dal-

fopristin and tigecycline. Linezolid and tigecycline inhibit at 

low concentration both Enterococcus faecalis and Enterococ-

cus faecium, daptomycin is more active against E. faecalis, 

while quinupristin/dalfopristin has substantial activity only 

against E. faecium [5].

The present microbiological study was performed to investi-

gate the current susceptibility patterns of GRE isolated over a 

three year period from a variety of patients cared for in the 

University General Hospital of Heraklion, the only tertiary 

general hospital in the island of Crete, Greece against linezol-

id, quinupristin/dalfopristin, tigecycline and daptomycin. 

All clinical samples were cultured in Enterococcus broth and 

bile esculin azide agar supplemented with 6 mg/L of vancomy-

cin. Plates and broths were incubated at 37°C for 24 hours. 

Esculin-positive broth cultures were subcultured onto bile 

esculin azide agar plates with 6 mg/L of vancomycin and incu-

bated for 24 hours. Species level identification was performed 

by conventional methods, i.e., biochemical characteristics, 

motility, pigment production and the API® 20 Strep system 

(BioMérieux, Marcy L’ Etoile, France). Identification was con-

firmed with the VITEK 2 automated system (BioMérieux), 

which has been shown to be reliable in identification of clini-

cal Enterococcus isolates [6]. Resistance to vancomycin and 

teicoplanin was determined by the disk diffusion method, as 

recommended by the Clinical and laboratory standards insti-

tute (CLSI) [7] and the E-test method (BioMérieux). Resis-

tance to linezolid, quinupristin/ dalfopristin, tigecycline and 

daptomycin was determined by E-test.

A total of 70 consecutive GRE samples were tested from 67 

patients, including 44 males (65.7%) and 23 females (34.3%). 

GRE positive samples originated from the Intensive Care Unit 

(18), and the Departments of Hematology (8), Internal Medi-

cine (8), Nephrology (7), Gastroenterology (6), Oncology (3), 

Neurosurgery (3), Vascular Surgery (3), Cardiology including 

the Intensive Care Cardiology Unit (2), General Surgery (2), 

Surgical Oncology (2), Orthopedics (2), Emergency Medicine 

(2), Neurology (1), Pulmonology (1), Thoracic Surgery (1), and 

Pediatrics (1). GRE positive samples were collected from a va-

riety of body fluids and sites, including blood (22), urine (18), 

pus from skin lesions including decubitus ulcers and soft tis-

sue infections (11), ascitic fluid (4), peritoneal dialysis fluid 

(4), sputum (2), bronchoalveolar lavage (2), bone (2), tip of in-

travascular catheters (2), pleural fluid (1), bile (1), and Cere-

brospinal fluid (CSF) (1). Three patients provided two positive 

samples each for glycopeptide-resistant E. faecium with dif-

ferent susceptibility patterns at different time-points. More 

specifically, a 63-year-old woman had two positive cultures 

from blood and pus, a 72-year-old man had two positive urine 

cultures collected from a nephrostomy tube on two occasions 

separated by10 months, and a 51-year-old woman had two 

positive cultures from blood and an infected decubitus ulcer.

Median age of patients was 65 years (range 0.1-96), and did 

not differ by sex (men 65.4±15.4 versus women 64.5±17.5 

years, P = 0.82). The majority of patients besides advanced age 

had some underlying chronic disease and/or immunosup-

pression, including renal or liver failure, chronic neurologic 

disease, hematologic malignancy or solid tumor. All had re-

ceived prior courses of several antibiotics. 

Among the 70 GRE isolates, 62 were identified as E. faecium 

(88.6%), and 8 (11.4%) as E. faecalis. Median value and range 

of the minimal inhibitory concentrations (MIC) against the 

tested antimicrobials is shown in Table 1. As shown, 100% of 

the isolated GRE strains were susceptible to linezolid and 

daptomycin, while 17.1% (12/70) and 11.4% (8/70) were resis-

tant to quinupristin/dalfopristin and tigecycline, respectively. 

The antibiotic susceptibility patterns were species-specific. 

Thus, 100% of E. faecalis isolates were resistant to quinupris-

tin/dalfopristin, while only 4 of 62 (6.5%) E. faecium isolates 

were resistant and 1 was partially resistant (intermediate sus-

ceptibility) to quinupristin/dalfopristin (P < 0.0001 by Fisher’s 

exact test). Regarding tigecycline, all 8 E. faecalis isolates were 

susceptible to it, while 14.5% (9/62) E. faecium isolates were 

resistant (P = 0.58). 

Vancomycin resistance is more common among E. faecium 

Table 1. Minimal inhibitory concentration (MIC) values to vancomycin, te-
icoplanin, linezolid, quinupristin/dalfopristin, tigecycline and daptomycin of 
70 Glycopeptite-resistant Enterococci isolated from 67 patients cared for in 
the University General Hospital of Heraklion, Crete, Greece

MIC (mg/L) 
(Median, range)

Vancomycin ≥256 (96-≥256)

Teicoplanin 32 (1-128)

Linezolid 1.5 (0.75-2)

Quinupristin/dalfopristin      0.5 (0.25-≥32)

Tigecycline   0.047 (0.032-≥32)

Daptomycin 2 (1-4)
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than E. faecalis isolates [8]. Hence, the observed distribution 

of GRE in our study was not unexpected, and is very similar to 

the current situation reported from several countries like Bra-

zil and USA, where > 89-90% of VRE isolates are E. faecium [9, 

10]. Regarding European countries, the majority of 902 VRE 

isolated from 2006 to 2008 in France were also E. faecium 

(94.8%) [11].

None of our GRE isolates were resistant to linezolid. In the 

study by Bourdon et al, no tested isolate among 602 E. fae-

cium and 30 E. faecalis was resistant to linezolid [11]. In a pre-

vious study from Greece originating from 8 tertiary-care hos-

pitals, not including ours, and reporting on VRE isolates 

collected in 2007, resistance to linezolid was detected in only 

1.9% of E. faecium isolates [12]. In yet another study from a 

university hospital of Northern Greece, linezolid resistance 

was noted among only 0.3% and 1.6% of all E. faecalis and E. 

faecium isolates, respectively [13]. 

Regarding quinupristin/dalfopristin, approximately 6.5% of 

our E. faecium and 100% of our E. faecalis isolates were resis-

tant to it. Resistance rates of 98.2% to 100% to quinupristin/ 

dalfopristin have been described among E. faecalis isolates in 

Europe and North America. It is noteworthy that higher resis-

tance rates to quinupristin/dalfopristin have been observed 

among European compared to North American E. faecium 

strains (10% versus 0.6%) [14]. 

Regarding tigecycline, we had no resistant E. faecalis iso-

lates. On the other hand, 14.5% of our glycopeptide-resistant 

E. faecium isolates were resistant to this glycylcycline antibi-

otic, a higher than previously described figure. This is likely 

due to the frequent use of tigecycline among critically ill pa-

tients in our hospital, since tigecycline resistance is selected 

mainly by its use [15]. In a study from Korea describing sus-

ceptibility of clinical VRE isolates collected over the period 

1998 to 2005 to mupirocin and the four antibiotics used in our 

study, tigecycline was the most active agent in vitro [16]. 

Among 219 vancomycin-resistant E. faecium isolates collect-

ed in 20 Taiwanese hospitals from 2006 to 2010, all of which 

were susceptible to linezolid and daptomycin, 1.4% were re-

sistant to tigecycline [17]. In the study by Bourdon et al, none 

of the 602 E. faecium and 30 E. faecalis tested isolates was re-

sistant to tigecycline [11]. In the longitudinal 2004-2011 as-

sessment of organisms collected from Italy as part of the tige-

cycline evaluation and surveillance trial, susceptibility to 

tigecycline was noted among 94.5% of vancomycin-resistant 

E. faecium and 100% of E. faecalis isolates [18].

Finally regarding daptomycin, all tested GRE isolates of our 

study were susceptible to it. Daptomycin has shown excellent 

in vitro activity against enterococci collected from European 

medical centers, and it is of note that neither resistance to 

vancomycin nor quinupristin/dalfopristin compromised its 

activity [19]. In our isolates, it was particularly active against E. 

faecalis, as previously shown by others [20].

Our study is somewhat limited by the very small number of 

E. faecalis isolates. On the other hand, our data are much 

more robust regarding E. faecium, an important and rising 

pathogen in our hospital.

In conclusion, we describe the susceptibilities of 70 GRE 

clinical isolates from a single tertiary hospital of Greece to 

linezolid, quinupristin/dalfopristin, tigecycline and daptomy-

cin. Judicious antibiotic utilization practices must be con-

stantly implemented in order to limit the further emergence 

of GRE and of other resistant nosocomial pathogens. To this 

extend, continued surveillance of GRE antibiotic susceptibili-

ties at the local, national and international levels is of para-

mount importance for combating these tough to kill and in-

creasingly dangerous nosocomial microorganisms.
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