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In vitro activity of tedizolid and linezolid against Staphylococcus
epidermidis isolated from prosthetic joint infections

C. Littorin1
& B. Hellmark1,2

& Å. Nilsdotter-Augustinsson3,4
& B. Söderquist1,5

Received: 6 February 2017 /Accepted: 9 March 2017
# The Author(s) 2017. This article is published with open access at Springerlink.com

Abstract Prosthetic joint infections (PJIs) are rare but long-
lasting and are serious complications without any spontaneous
resolution, requiring additional surgery and long-term treat-
ment with antibiotics. Staphylococci are the most important
aetiological agents of PJIs, and among the coagulase-negative
staphylococci Staphylococcus epidermidis is the most com-
mon. However, S. epidermidis often displays multidrug resis-
tance (MDR), demanding additional treatment options. The
objective was to examine the effectiveness of tedizolid and
linezolid against S. epidermidis isolated from PJIs. The stan-
dard antibiotic susceptibility pattern of S. epidermidis (n =
183) obtained from PJIs was determined by disc diffusion test,
and MIC was determined by Etest for tedizolid, linezolid, and
vancomycin. Tedizolid displayed MIC values ranging from
0.094 to 0.5 mg/L (MIC50: 0.19 mg/L, MIC90: 0.38 mg/L),
linezolid MIC values ranging from 0.25 to 2 mg/L (MIC50:
0.75 mg/L, MIC90: 1 mg/L), and vancomycin MIC values
ranging from 0.5 to 3 mg/L (MIC50 and MIC90 both 2 mg/

L). According to the disc diffusion test, 153/183 (84%) isolates
were resistant to ≥3 antibiotic groups, indicating MDR. In
conclusion, S. epidermidis isolates from PJIs were fully sus-
ceptible, and the MIC50 and MIC90 values for tedizolid were
two- to four-fold dilution steps lower compared with linezolid.
Tedizolid is not approved, and there are no reports of long-term
treatment, but it may display better tolerability and fewer ad-
verse effects than linezolid; it thus could be a possible treat-
ment option for PJIs, alone or in combination with rifampicin.

Introduction

Joint replacements have significantly improved the quality of
life for many patients. Prosthetic joint infections (PJIs) are rare
complications, affecting less than 1% of primary joint replace-
ment surgeries [1]. However, PJIs are long-lasting and serious
conditions without any spontaneous resolution, causing high
morbidity and mortality, extensive costs, and substantial suf-
fering for the patient due to disability, pain, prolonged hospi-
talization, revision surgery, and long-term treatment with an-
tibiotics [2–4].

Staphylococci are the most important aetiological agents of
PJIs [2–4], and S. epidermidis is the most common of the
CoNS. This species regularly forms a biofilm, and so the
proposed treatment of choice for PJIs is rifampicin, which is
efficient against staphylococci in biofilm [2, 4]. Rifampicin is
always administered in combination with another antimicro-
bial agent such as fluoroquinolones, clindamycin, or fusidic
acid in order to hinder the emergence of resistance [2–4].
However, S. epidermidis often displays a multidrug resistance
(MDR) phenotype [5]. Linezolid could be one of the few
remaining options for oral long-term treatment, but is bacteri-
ostatic, not proven to eradicate staphylococci present in bio-
film [6], and frequently exhibits adverse effects [7].
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Nevertheless, it has been reported to successfully treat chronic
osteomyelitis including PJIs [7, 8].

The aim of this study was to investigate the antibiotic activity
of a new oxazolidinone, tedizolid, and to compare itsMIC values
with those of linezolid, among S. epidermidis isolated from PJIs.

Materials and methods

S. epidermidis isolates (n = 183) were obtained during various
surgical procedures due to suspected or verified PJI at the
University Hospitals of Örebro and Linköping from 1999 to
2015 and from 1993 to 2015, respectively. The finding of
S. epidermidis in multiple tissue samples (≥2) was interpreted
as a PJI in accordance with the proposed definition of PJI
[3, 4]. Isolates were collected from patients with infected hip
(n = 126), knee (n = 41), shoulder (n = 12), or elbow (n = 4)
joint prostheses, then identified to the species level according
to routine laboratory procedures and confirmed by MALDI-
TOF MS (MicroflexLT and Biotyper 3.1, Bruker Daltonics,
Bremen, Germany).

Standard antibiotic susceptibility testing by disc diffusion
test (DDT) and MIC determination was performed according
to EUCAST guidelines. MIC was determined by Etest for
tedizolid, linezolid (Liofilchem, Roseto degli Abruzzi, Italy),
and vancomycin (BioMérieux, Marcy-l’Etoile, France). DDT
was performed for cefoxitin (30 μg), fusidic acid (10 μg),
erythromycin (15 μg), clindamycin (2 μg), trimethoprim/
sulfamethoxazole (25 μg), gentamicin (10 μg), norfloxacin
(10 μg), and rifampin (5 μg) (Oxoid, Basingstoke,
Hampshire, England).

Results

Results of the antimicrobial susceptibility testing of tedizolid
and linezolid are shown in Fig. 1. Tedizolid displayed MIC
values ranging from 0.094 to 0.5 mg/L (MIC50: 0.19 mg/L,

MIC90: 0.38 mg/L) and linezolid MIC values ranging from
0.25 to 2 mg/L (MIC50: 0.75 mg/L, MIC90: 1 mg/L). All
isolates were susceptible according to EUCAST breakpoints
(≤0.5 mg/L and ≤4 mg/L, respectively). The MIC values of
vancomycin ranged from 0.5 to 3 mg/L (MIC50 and MIC90

both 2 mg/L). The breakpoint for susceptibility according to
EUCAST is ≤4 mg/L.

According to the DDT, 22% of the S. epidermidis
isolates were susceptible to cefoxitin, 56% to fusidic
acid, 42% to clindamycin, 37% to erythromycin, 72%
to rifampicin, 28% to gentamicin, 19% to norfloxacin,
and 27% to sulfamethoxazole-trimethoprim. In total,
153/183 (84%) isolates were resistant to ≥3 antibiotic
groups, indicating MDR. There were no differences be-
tween isolates displaying MDR and non-MDR in MIC50

and MIC90, respectively, neither for tedizolid nor for
linezolid.

Discussion

This study investigated the antibiotic activity of a new
oxazolidinone, tedizolid, compared to linezolid against
S. epidermidis isolated from PJIs. All isolates were fully sus-
ceptible to both antibiotics according to EUCAST
breakpoints. The MIC50 and MIC90 values for tedizolid were
two- to four-fold dilution steps lower than the corresponding
values for linezolid. Our results are in concordance with pre-
vious studies [9–14].

All S. epidermidis isolates were also susceptible to vanco-
mycin according to the EUCAST breakpoint. However, 111/
183 (61%) showed MIC values ≥2 mg/L, and thus an in-
creased risk of nephrotoxicity may be present if the trough
value of the plasma concentration is intended to be approxi-
mately 20 mg/L. Heterogeneous glycopeptide intermediate
S. epidermidis (hGISE) may also be present among
S. epidermidis isolated from PJIs [15], which will not be de-
tected if only standard Etest methods are used. The present

Fig. 1 Distribution of the
minimum inhibition
concentrations (MICs) of
tedizolid and linezolid, as
determined with Etest, for 183
isolates of Staphylococcus
epidermidis obtained from
prosthetic joint infections
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study also found a high percentage (84%) of MDR. The pro-
portions of isolates susceptible to the key antimicrobial agents
for oral long-term treatment of PJIs, rifampicin and
fluoroquinolones, were 72% and 19%, respectively. In addi-
tion, an association between hGISE and MDR has been re-
ported [15]. Subsequently, in some cases an oxazolidinone
may be the only remaining antimicrobial agent for oral treat-
ment of a stable, retained implant following debridement or
after explantation when performing two-stage exchange revi-
sion surgery. Linezolid has been employed for treatment of
these infections, including long-term therapy [7, 8]. Tedizolid,
on the other hand, is approved for 6 days’ treatment of skin
and soft tissue infections and there are no reports of long-term
treatment or treatment of orthopaedic infections. In a phase I
study [16], 30 healthy subjects received 200–1200 mg
tedizolid once a day for 21 days, and three showed adverse
events such as alteration of haematological parameters and
elevation of liver enzymes. Tedizolid seems to be well-toler-
ated, and adverse events are less common among patients
treated with tedizolid compared to linezolid [17]. The myelo-
suppressive effect of tedizolid seems to be lower than that of
linezolid. Neither peripheral nor optic neuropathy were found
in either patients following 10 days of treatment or rats after
up to 9 months’ exposure to high doses of tedizolid [17].
Although tedizolid is a more potent inhibitor of mitochondrial
protein synthesis than linezolid, mitochondrial recovery may
be superior for tedizolid according to dosing intervals [18].

A lower dose of tedizolid, 200 mg once daily versus
600 mg twice daily of linezolid, may also contribute to a lower
frequency or severity of reported side effects, especially if
they are serum concentration dependent [19, 20]. Despite the
two- to four-fold lowerMIC50 andMIC90 for tedizolid, the use
of the lower dose of tedizolid, a sixth of the daily dose of
linezolid, needs to be evaluated for severe infections and es-
pecially during long-term treatment. A study evaluating the
pharmacokinetics and response to exposure to tedizolid [19]
showed that the incidence of treatment-emergent side effects
increased with increased exposure to the drug. However, no
such relationship was evident regarding hematologic side ef-
fects and exposure to tedizolid in that study. On the contrary, a
recently published study [20] found alterations in haematolog-
ical parameters, especially a decrease in mean platelet count,
in a dose-dependent manner during 21-day courses of
tedizolid.

The safety, tolerability, and adverse effects of long-term
tedizolid treatment remain to be evaluated. However, tedizolid
may represent an oxazolidinone that is better accepted by pa-
tients for long-term treatment, due to its favourable adverse
effect profile and its once-a-day administration regime. Alone
or in combination with rifampicin, tedizolid could be a possi-
ble treatment option in the management of PJIs caused by
MDR S. epidermidis in both prosthesis retention following
debridement and two-stage exchange surgery.

Compliance with ethical standards

Ethical statement This work deals with clinical bacterial isolates from
human infections. No tissue material or other biological material was
stored from the patients, only subcultured bacterial isolates. The
Swedish law does not require ethical approval for work with bacterial
isolates from humans. All information regarding these isolates was
anonymized.

Funding This work was supported by Nyckelfonden at Örebro
University Hospital.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Lindgren V, Gordon M, Wretenberg P, Kärrholm J, Garellick G
(2014) Deep infection after total hip replacement: a method for
national incidence surveillance. Infect Control Hosp Epidemiol
35:1491–1496

2. Zimmerli W, Trampuz A, Ochsner PE (2004) Prosthetic-joint infec-
tions. N Engl J Med 351:1645–1654

3. Osmon DR, Berbari EF, Berendt AR, Lew D, Zimmerli W,
Steckelberg JM et al (2013) Diagnosis and management of pros-
thetic joint infection: clinical practice guidelines by the Infectious
Diseases Society of America. Clin Infect Dis 56:e1–e25

4. Zimmerli W (2014) Clinical presentation and treatment of ortho-
paedic implant-associated infection. J Intern Med 276:111–119

5. Hellmark B, Unemo M, Nilsdotter-Augustinsson Å, Söderquist B
(2009) Antibiotic susceptibility among Staphylococcus epidermidis
isolated from prosthetic joint infections with special focus on rifam-
picin and variability of the rpoB gene. Clin Microbiol Infect 15:
238–244

6. Baldoni D, Haschke M, Rajacic Z, Zimmerli W, Trampuz A (2009)
Linezolid alone or combined with rifampin against methicillin-
resistant Staphylococcus aureus in experimental foreign-body in-
fection. Antimicrob Agents Chemother 53:1142–1148

7. Senneville E, Legout L, Valette M, Yazdanpanah Y, Beltrand E,
Caillaux M et al (2006) Effectiveness and tolerability of prolonged
linezolid treatment for chronic osteomyelitis: a retrospective study.
Clin Ther 28:1155–1163

8. Morata L, Senneville E, Bernard L, Nguyen S, Buzelé R, Druon J
et al (2014) A retrospective review of the clinical experience of
linezolid with or without rifampicin in prosthetic joint infections
treated with debridement and implant retention. Infect Dis Ther 3:
235–243. doi:10.1007/s40121-014-0032-z

9. Schmidt-Malan SM, Greenwood Quaintance KE, Karau MJ, Patel R
(2016) In vitro activity of tedizolid against staphylococci isolated
from prosthetic joint infections. DiagnMicrobiol Infect Dis 85:77–79

10. Sahm DF, Deane J, Bien PA, Locke JB, Zuill DE, Shaw KJ et al
(2015) Results of the Surveillance of Tedizolid Activity and
Resistance Program: in vitro susceptibility of Gram-positive patho-
gens collected in 2011 and 2012 from the United States and Europe.
Diagn Microbiol Infect Dis 81:112–118

11. Jones RN, Moet GJ, Sader HS, Mendes RE, Castanheira M (2009)
TR-700 in vitro activity against and resistance mutation frequencies
among Gram-positive pathogens. J Antimicrob Chemother SQ1:1–5

Eur J Clin Microbiol Infect Dis

http://dx.doi.org/10.1007/s40121-014-0032-z


12. Schaadt R, Sweeney D, Shinabarger D, Zurenko G (2009) In vitro
activity of TR-700, the active ingredient of the antibacterial prodrug
TR-701, a novel oxazolidinone antibacterial agent. Antimicrob
Agents Chemother 53:3236–3239

13. Betriu C, Morales G, Rodríguez-Avial I, Culebras E, Gómez M,
López-Fabal F et al (2010) Comparative activities of TR-700
(torezolid) against staphylococcal blood isolates collected in
Spain. Antimicrob Agents Chemother 54:2212–2215

14. Brown SD, Traczewski MM (2010) Comparative in vitro antimi-
crobial activities of torezolid (TR-700), the active moiety of a new
oxazolidinone, torezolid phosphate (TR-701), determination of ten-
tative disk diffusion interpretive criteria, and quality control ranges.
Antimicrob Agents Chemother 54:2063–2069

15. Tevell S, Claesson C, Hellmark B, Söderquist B, Nilsdotter-
Augustinsson Å (2014) Heterogeneous glycopeptide intermediate
Staphylococcus epidermidis isolated from prosthetic joint infec-
tions. Eur J Clin Microbiol Infect Dis 33:911–917

16. Flanagan SD, Bien PA, Muñoz KA, Minassian SL, Prokocimer PG
(2014) Pharmacokinetics of tedizolid following oral administration:

single and multiple dose, effect of food, and comparison of two
solid forms of the prodrug. Pharmacotherapy 34:240–250

17. Zhanel GG, Love R, AdamH,Golden A, Zelenitsky S, Schweizer F
et al (2015) Tedizolid: a novel oxazolidinone with potent activity
against multidrug-resistant gram-positive pathogens. Drugs 75:
253–270

18. Flanagan S, McKee EE, Das D, Tulkens PM, Hosako H, Fiedler-
Kelly J et al (2015) Nonclinical and pharmacokinetic assessments
to evaluate the potential of tedizolid and linezolid to affect mito-
chondrial function. Antimicrob Agents Chemother 59:178–185

19. Flanagan S, Passarell J, Lu Q, Fiedler-Kelly J, Ludwig E,
Prokocimer P (2014) Tedizolid population pharmacokinetics, ex-
posure response, and target attainment. Antimicrob Agents
Chemother 58:6462–6470

20. Lodise TP, Bidell MR, Flanagan SD, Zasowski EJ, Minassian SL,
Prokocimer P (2016) Characterization of the haematological profile
of 21 days of tedizolid in healthy subjects. J Antimicrob Chemother
71:2553–2558

Eur J Clin Microbiol Infect Dis


	In�vitro activity of tedizolid and linezolid against Staphylococcus epidermidis isolated from prosthetic joint infections
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	References


