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Abstract 22 

A linezolid resistant, vancomycin susceptible E. faecium strain was isolated from three 23 

patients who had not received linezolid. The first patient was hospitalised in the same 24 

hospitals and wards as the two following patients. The E. faecium isolates were resistant to 25 

linezolid (MIC 8-32 mg/L), ampicillin and high levels of gentamicin. Resistance to linezolid 26 

was associated with a G2576T mutation in 23S rDNA. The cfr linezolid resistance gene was 27 

not detected. The three isolates showed identical DNA fingerprints by PFGE, belonged to 28 

ST117 and harboured virulence genes esp, hyl, acm, efaAfm, srgA, ecbA, scm, pilA, pilB and 29 

pstD typically associated with high-risk E. faecium genotypes. The linezolid resistant E. 30 

faecium high-risk clone caused bacteraemia in the first two cancer patients and survived in the 31 

hospital environment for more than a year before appearing in the urethral catheter of the third 32 

patient. 33 

34 



Introduction 35 

The oxazolidinone antibiotic linezolid has been available since 2000 as a therapeutic 36 

alternative against antibiotic resistant Gram-positive cocci. It inhibits bacterial protein 37 

synthesis through binding in the A site pocket at the peptidyltransferase centre, domain V of 38 

the 23S ribosomal RNA of the 50S subunit [1]. Recently the first human isolate of 39 

Enterococcus faecalis with transferable linezolid resistance encoded by the cfr 40 

(chloramphenicol-florfenicol resistance) gene was recovered from a patient in Thailand [2]. 41 

The cfr gene encodes a methyltransferase which has previously been reported to methylate 42 

nucleotide A2503 in the 23S rRNA of staphylococci, thereby causing resistance to several 43 

antimicrobial compounds including linezolid. However, in enterococci linezolid resistance has 44 

mainly been caused by point mutations in 23S rDNA with a G2576U transition in the central 45 

loop of domain V as the most common [3-7].  Enterococcus faecium has 6 alleles of 23S 46 

rRNA genes. The level of linezolid resistance expressed correlates with the number of 47 

mutated 23S rRNA genes [8].   48 

Linezolid resistance rates (< 1 %) have remained low for staphylococci, enterococci and 49 

streptococci monitored in medicals centres across Europe, Canada, Latin America, the US and 50 

the Asia-Pacific region [3-7]. Linezolid resistant enterococci have only been reported twice in 51 

Scandinavia [3, 9]. Here we report the first cluster of linezolid resistant Enterococcus with 52 

identical DNA fingerprints identified in Scandinavian hospitals. 53 

 54 

Material and methods 55 

Bacterial isolates 56 

During the period from July 2012 to October 2013, three linezolid resistant E. faecium 57 

isolates were recovered from 3 patients. E. faecium strains UW3698, UW3695, UW3936 and 58 



UW3939 containing the point mutation G2576U in 23S rRNA [10] as well as a cfr positive 59 

Staphylococcus epidermidis strain were used as positive controls. 60 

 61 

Bacterial identification and susceptibility testing 62 

Identification of the E. faecium isolates was performed according to standard bacteriological 63 

procedures. The isolates were confirmed to be E. faecium by ddl specific PCR [11] and 64 

Matrix-assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF) 65 

using Bruker Microflex with Biotyper 3.0 software (Bruker Daltonik GmbH, Bremen, 66 

Germany).  67 

Susceptibility testing was performed by the EUCAST disk diffusion method [12]  for 68 

ampicillin and gentamicin and MIC gradient tests for linezolid, vancomycin and teicoplanin 69 

(Etest, bioMérieux , Marcy l’Etoile, France or MIC Test strip, Liofilchem, Roseto degli 70 

Abruzzi, Italy) using EUCAST clinical breakpoints [13].  71 

 72 

Detection of linezolid resistance mechanism and virulence genes 73 

The linezolid resistance gene cfr gene was searched for by PCR analysis [14]. Amplification 74 

of the 23S rDNA encoding domain V and subsequent NheI digestion [15] was used to reveal 75 

the G2576T mutation showing one 746-bp band corresponding to the wild type undigested 76 

amplification product, and two bands of 557 and 189 bp representing NheI digested mutant 77 

alleles.  78 

The selected virulence genes searched for by PCRs (A. Sivertsen, H. Billström, Ö. Melefors, 79 

B. Olsson Liljequist, K. Tegmark Wisell, M. Ullberg, V. Özenci, A. Sundsfjord, and K. 80 

Hegstad, submitted for publication)[16] are associated with high-risk genotypes of E. faecium 81 

and encode proteins involved in biofilm formation (esp), hyaluronidase production (hyl), host 82 



tissue attachment (acm, efaAfm, srgA, ecbA, scm), pili formation (pilA/B) and intestinal 83 

colonization during antibiotic treatment (pstD).  84 

 85 

Pulsed-field gel electrophoresis (PFGE) and Multi Locus Sequence Typing (MLST) 86 

PFGE after SmaI digestion was performed as described by Saeedi et al. [17]. The bands were 87 

separated with switch time 1 to 35 for 29 hours at 6V/cm with 120° angle, 12°C, 1.2% 88 

agarose and 0.5xTBE buffer [18]. MLST was performed using the primers adk1n, adk2n, 89 

atp1n, atp2n, ddl1, ddl2, gdh1, gdh2, gyd1, gyd2, pstS1n, pstS2n, purK1n and purK2n [19].   90 

 91 

Results 92 

Patient characteristics 93 

A 44-y-old man (patient 1) with kidney cancer had previously had a nephrectomy and surgical 94 

removal of metastatic brain and lung lesions at several hospitals over a 3 year time period. He 95 

was admitted July 2012 to ward A at hospital 1 and diagnosed with peritonitis from perforated 96 

colon. He was initially treated with cefotaxime and metronidazole and from day 9 with 97 

meropenem. Blood cultures taken on the same day were negative. The next day he was moved 98 

to ward B for further medical treatment, but deteriorated one week later due to persistent 99 

peritonitis. Blood cultures revealed growth of linezolid resistant, vancomycin susceptible E. 100 

faecium (LR-VSEfm) (isolate 1), and he was treated with vancomycin. On hospital day 24 101 

laparoscopic drainage of the peritoneum was performed and two days later he was moved to 102 

ward C at his local hospital 2. The patient died some months later from his cancer.  103 

A 61-y-old woman (patient 2) with inoperable metastatic cancer of the pancreas and 104 

carcinomatosis was first admitted to ward B at hospital 1 to be evaluated for cytostatic 105 



treatment. After a few days she was moved to ward A because of increasing cholestasis. She 106 

received external bile drainage and started treatment with cefotaxime and metronidazole for 107 

cholangitis. The next day she was moved back to ward B and received piperacillin-108 

tazobactam followed by meropenem and vancomycin due to increasing general malaise, fever 109 

and chills. Blood cultures revealed growth of LR-VSEfm (isolate 2). Some days later she was 110 

moved to her local hospital 3 for further antibiotic treatment and supportive care.  She was 111 

readmitted to hospital 3 after a few weeks because of cholangitis. Klebsiella sp. and linezolid 112 

susceptible E. faecium grew in her blood cultures. She died a few months later from her 113 

cancer. 114 

An 80-y-old paraplegic man (patient 3) with a permanent urethral catheter, decubital 115 

ulcer and heart failure was admitted to ward C at his local hospital 2 with general malaise and 116 

fever.  Blood cultures revealed growth of Staphylococcus aureus. He was treated with 117 

ciprofloxacin, penicillin, metronidazol, then piperacillin-tazobactam and finally meropenem 118 

for suspected chronic osteomyelitis and a prostatic abscess. LR-VSEfm (isolate 3) was 119 

recovered from his urethral catheter on day 15. There were no indications of catheter-120 

associated urinary tract infection and the patient did not receive specific treatment. He was 121 

treated for a total of 6 weeks with meropenem until resolution of symptoms.  122 

 123 

Context of the cases 124 

Patient 1 was admitted to ward A at hospital 1 just 3 days before admission of patient 2 to the 125 

same ward. The LR-VSEfm strain from patient 1 was revealed while staying at ward B at the 126 

same hospital where patient 2 was admitted 2 days later. The two patients stayed there 127 

simultaneously for 10 days before patient 2 had growth of the strain in blood culture. Patient 1 128 

was subsequently transferred to ward C at hospital 2. Patient 3 was admitted to ward C at 129 

hospital 2 one year later and eventually harboured the strain in a urethral catheter.  130 



None of the patients had received linezolid before detection of the linezolid resistant 131 

strain. We have no information of any infection control measures conducted at the different 132 

departments after detection of this strain.  133 

 134 

Isolate characteristics 135 

The three E. faecium isolates were resistant to linezolid (MIC 8-32 mg/L), ampicillin and high 136 

levels of gentamicin, but susceptible to vancomycin and teicoplanin. The isolates did not 137 

contain the cfr gene mediating transferable linezolid resistance but rather showed 138 

heterozygosis for the G2576T mutation of 23S rDNA previously found to be involved in 139 

linezolid resistance. Furthermore, the SmaI PFGE patterns (Figure 1) were identical for the 140 

three isolates and they all belonged to ST117 and were positive for all tested virulence genes. 141 

 142 

Discussion  143 

23S rDNA mutational resistance often occurs after therapy with oxazolidinone [20, 21]. 144 

Previous exposure to linezolid was not recorded for any of these three patients, but they all 145 

had at least one known risk factor for the development of mutation based linezolid resistance 146 

in Enterococcus such as immunosuppression, prior surgery and previous exposure to β–147 

lactam antibiotics [22].  148 

The three LR-VSEfm isolates belonged to ST117, a single locus variant of ST17, and 149 

thus represent one of the well-known hospital adapted high-risk clonal lineages of E. faecium 150 

[23]. ST17 is associated with hospital outbreaks and, like the LR-VSEfm isolates described 151 

here, typically contains many antimicrobial resistance and virulence properties [23, 24]. The 152 

identical PFGE patterns as well as hospitalisation in the same wards may indicate nosocomial 153 

spread of this LR-VSEfm ST117 strain, although it should be noted that the third isolate 154 



appeared more than a year after the first two. Nosocomial spread of linezolid resistant 155 

enterococci to patients not previously treated with linezolid has been documented before [25] 156 

and suggests that linezolid resistant enterococci may remain relatively fit despite of their 157 

heterozygous resistance to linezolid. An LR-VSEfm ST117 strain was recently reported to 158 

persist for 41 days in the intestine of a patient with hematologic malignancy after linezolid 159 

treatment was discontinued [26]. Furthermore, environmental survival of E. faecium has been 160 

documented up to about 1400 days [27]. The long time span between cases 2 and 3 confirms 161 

the ability of E. faecium strains to survive in the hospital environment for long periods of 162 

time.  163 

Recent European surveys have documented a pronounced increase (19.3% per year) in 164 

bacteraemia caused by multidrug resistant E. faecium clonal lineages [28]. Moreover, a 165 

significant increase in bloodstream infection due to vancomycin susceptible E. faecium has 166 

been observed in cancer patients in Barcelona where ST117 isolates have predominated since 167 

2009 [29]. In line with these reports, the ST117 high-risk clone described in the present study 168 

was apparently able to cause bacteraemia in the first two cancer patients and then survived in 169 

the hospital environment for more than a year before being isolated from the urethral catheter 170 

of the third patient. 171 

 172 

Acknowledgements 173 

We thank Guido Werner for providing the linezolid resistant E. faecium strains UW3698, 174 

UW3695, UW3936 and UW3939 as well as a cfr positive Staphylococcus epidermidis. 175 



References 176 

 [1]  Wilson DN, Schluenzen F, Harms JM, Starosta AL, Connell SR, Fucini P. The 177 

oxazolidinone antibiotics perturb the ribosomal peptidyl-transferase center and effect 178 

tRNA positioning. Proc Natl Acad Sci U S A 2008;105:13339-44. 179 

 [2]  Diaz L, Kiratisin P, Mendes RE, Panesso D, Singh KV, Arias CA. Transferable 180 

plasmid-mediated resistance to linezolid due to cfr in a human clinical isolate of 181 

Enterococcus faecalis. Antimicrob Agents Chemother 2012;56:3917-22. 182 

 [3]  Ross JE, Farrell DJ, Mendes RE, Sader HS, Jones RN. Eight-year (2002-2009) summary 183 

of the linezolid (Zyvox(R) Annual Appraisal of Potency and Spectrum; ZAAPS) 184 

program in European countries. J Chemother 2011;23:71-6. 185 

 [4]  Flamm RK, Farrell DJ, Mendes RE, Ross JE, Sader HS, Jones RN. ZAAPS Program 186 

results for 2010: an activity and spectrum analysis of linezolid using clinical isolates 187 

from 75 medical centres in 24 countries. J Chemother 2012;24:328-37. 188 

 [5]  Mendes RE, Flamm RK, Hogan PA, Ross JE, Jones RN. Summary of linezolid activity 189 

and resistance mechanisms detected during the 2012 surveillance program for the 190 

United States (LEADER). Antimicrob Agents Chemother 2014;58:1243-7. 191 

 [6]  Flamm RK, Mendes RE, Ross JE, Sader HS, Jones RN. Linezolid surveillance results 192 

for the United States (LEADER surveillance program 2011). Antimicrob Agents 193 

Chemother 2013;57:1077-81. 194 

 [7]  Flamm RK, Mendes RE, Ross JE, Sader HS, Jones RN. An international activity and 195 

spectrum analysis of linezolid: ZAAPS program results for 2011. Diagn Microbiol 196 

Infect Dis 2013;76:206-13. 197 

 [8]  Marshall SH, Donskey CJ, Hutton-Thomas R, Salata RA, Rice LB. Gene dosage and 198 

linezolid resistance in Enterococcus faecium and Enterococcus faecalis. Antimicrob 199 

Agents Chemother 2002;46:3334-6. 200 



 [9]  Thilesen CM, Bjørang O, Skrede T, Aronsen T, Aasnæs B, Sundsfjord A, et al. 201 

Emergence of mutation-based linezolid-resistant invasive Enterococcus faecalis in a 202 

haemodialysis patient in Norway. APMIS 2014;122:83-4. 203 

[10]  Werner G, Strommenger B, Klare I, Witte W. Molecular detection of linezolid 204 

resistance in Enterococcus faecium and Enterococcus faecalis by use of 5' nuclease real-205 

time PCR compared to a modified classical approach. J Clin Microbiol 2004;42:5327-206 

31. 207 

[11]  Dutka-Malen S, Evers S, Courvalin P. Detection of glycopeptide resistance genotypes 208 

and identification to the species level of clinically relevant enterococci by PCR. J Clin 209 

Microbiol 1995;33:24-7. 210 

[12]  The European Committee on Antimicrobial Susceptibility Testing. EUCAST disk 211 

diffusion test manual. Version 3.0 ed.  212 

2013;www.eucast.org/antimicrobial_susceptibility_testing/disk_diffusion_methodology 213 

(last access 07.04.2014). 214 

[13]  The European Committee on Antimicrobial Susceptibility Testing. Breakpoint tables for 215 

interpretation of MICs and zone diameters. Version 3.1 ed.  216 

2013;www.eucast.org/clinical_breakpoints/ (last access 07.04.2014). 217 

[14]  Kehrenberg C, Schwarz S. Distribution of florfenicol resistance genes fexA and cfr 218 

among chloramphenicol-resistant Staphylococcus isolates. Antimicrob Agents 219 

Chemother 2006;50:1156-63. 220 

[15]  Bonora MG, Solbiati M, Stepan E, Zorzi A, Luzzani A, Catania MR, et al. Emergence 221 

of linezolid resistance in the vancomycin-resistant Enterococcus faecium multilocus 222 

sequence typing C1 epidemic lineage. J Clin Microbiol 2006;44:1153-5. 223 



[16]  Zhang X, Top J, de BM, Bierschenk D, Rogers M, Leendertse M, et al. Identification of 224 

a genetic determinant in clinical Enterococcus faecium strains that contributes to 225 

intestinal colonization during antibiotic treatment. J Infect Dis 2013;207:1780-6. 226 

[17]  Saeedi B, Hallgren A, Jonasson J, Nilsson LE, Hanberger H, Isaksson B. Modified 227 

pulsed-field gel electrophoresis protocol for typing of enterococci. APMIS 228 

2002;110:869-74. 229 

[18]  Dahl KH, Simonsen GS, Olsvik Ø, Sundsfjord A. Heterogeneity in the vanB gene 230 

cluster of genomically diverse clinical strains of vancomycin-resistant enterococci. 231 

Antimicrob Agents Chemother 1999;43:1105-10. 232 

[19]  Homan WL, Tribe D, Poznanski S, Li M, Hogg G, Spalburg E, et al. Multilocus 233 

sequence typing scheme for Enterococcus faecium. J Clin Microbiol 2002;40:1963-71. 234 

[20]  Pai MP, Rodvold KA, Schreckenberger PC, Gonzales RD, Petrolatti JM, Quinn JP. Risk 235 

factors associated with the development of infection with linezolid- and vancomycin-236 

resistant Enterococcus faecium. Clin Infect Dis 2002;35:1269-72. 237 

[21]  Meka VG, Gold HS. Antimicrobial resistance to linezolid. Clin Infect Dis 238 

2004;39:1010-5. 239 

[22]  Hayakawa K, Marchaim D, Pogue JM, Ho K, Parveen S, Nanjireddy P, et al. Predictors 240 

and outcomes of linezolid-resistant vancomycin-resistant Enterococcus: a case-case-241 

control study. Am J Infect Control 2012;40:e261-e263. 242 

[23]  Willems RJ, Top J, van SW, Leavis H, Bonten M, Siren J, et al. Restricted gene flow 243 

among hospital subpopulations of Enterococcus faecium. MBio 2012;3:e00151-12. 244 

[24]  Willems RJ, Top J, van Santen M, Robinson DA, Coque TM, Baquero F, et al. Global 245 

spread of vancomycin-resistant Enterococcus faecium from distinct nosocomial genetic 246 

complex. Emerg Infect Dis 2005;11:821-8. 247 



[25]  Herrero IA, Issa NC, Patel R. Nosocomial spread of linezolid-resistant, vancomycin-248 

resistant Enterococcus faecium. N Engl J Med 2002;346:867-9. 249 

[26]  Sanchez-Diaz AM, Cuartero C, Lozano S, Rodriguez JD, Alonso JM, Quiles-Melero I, 250 

et al. Emergence and long-lasting persistence of linezolid-resistant Enterococcus 251 

faecium-ST117 in an oncohematologic patient after a nine-day course of linezolid. 252 

Microb Drug Resist 2014 Feb;20:17-21. 253 

[27]  Wagenvoort JH, De Brauwer EI, Penders RJ, Willems RJ, Top J, Bonten MJ. 254 

Environmental survival of vancomycin-resistant Enterococcus faecium. J Hosp Infect 255 

2011;77:282-3. 256 

[28]  de Kraker ME, Jarlier V, Monen JC, Heuer OE, van de Sande N, Grundmann H. The 257 

changing epidemiology of bacteraemias in Europe: trends from the European 258 

antimicrobial resistance surveillance system. Clin Microbiol Infect 2013;19:860-8. 259 

[29]  Gudiol C, Ayats J, Camoez M, Dominguez MA, Garcia-Vidal C, Bodro M, et al. 260 

Increase in bloodstream infection due to vancomycin-susceptible Enterococcus faecium 261 

in cancer patients: risk factors, molecular epidemiology and outcomes. PLoS ONE 262 

2013;8:e74734. 263 

 264 

  265 



 266 

Figure 1. PFGE illustrating identical DNA fingerprints of the three LR-VSEfm isolates. 1, 2 267 

and 3 indicate lanes with SmaI digested total DNA from isolates 1, 2 and 3, respectively. L 268 

indicates low range marker (New England BioLabs). 269 


