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Background: Postneurosurgical ventriculitis is mainly caused by coagulase-negative
staphylococci. The rate of linezolid-resistant Staphylococcus epidermidis (LRSE) is
increasing worldwide.
Aims: To report clinical, epidemiological and microbiological data from a series of ven-
triculitis cases caused by LRSE in a Spanish hospital between 2013 and 2016.
Methods: Cases of LRSE ventriculitis were reviewed retrospectively in a Spanish hospital
over a four-year period. Clinical/epidemiological data of the infected patients were
reviewed, the isolates involved were typed by pulsed-field gel electrophoresis (PFGE) and
multi-locus sequence typing, and the molecular bases of linezolid resistance were
determined.
Findings: Five cases of LRSE ventriculitis were detected. The patients suffered from ce-
rebral haemorrhage or head trauma that required the placement of an external ventric-
ular drain; spent a relatively long time in the intensive care unit (ICU) (10e26 days); and
three out of the five patients had previously been treated with linezolid. All LRSE had the
same PFGE pattern, belonged to ST2, and shared an identical mechanism of linezolid
resistance. Specifically, all had the G2576T mutation in the V domain of each of the six
copies of the 23S rRNA gene, together with the Q136L and M156T mutations and the
71GGR72 insertion in the L3 and L4 ribosomal proteins, respectively.
Conclusion: Thehigh ratio of linezolid consumption in the ICU (7.72e8.10defineddaily dose/
100 patient-days) could have selected this resistant clone, which has probably become
endemic in the ICU where it could have colonized admitted patients. Infection control and
antimicrobial stewardship interventions are essential to prevent the dissemination of this
difficult-to-treat pathogen, and to preserve the therapeutic efficacy of linezolid.
ª 2018 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.
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Introduction Although several studies have investigated LRSE of clinical
origin, only a few have included isolates recovered from CSF,
Nosocomial ventriculitis is a severe complication associated
with invasive procedures such as neurosurgery, complicated
head trauma and foreign body placement, since disruption of
the biological barriers of the patient can allow direct entry of
the pathogen [1]. Insertion of cerebrospinal fluid (CSF) external
drains are among the most common invasive procedures in this
setting, and are frequently used for the treatment of hydro-
cephalus and infections of the central nervous system. The
incidence of catheter-related CSF infection is variable (1e18%)
depending on placement location (e.g. internal ventricular,
external ventricular or ventriculoperitoneal) and additional
risk factors [1].

Postneurosurgical meningitis and drain-associated in-
fections are usually caused by bacteria from the patient’s own
skin microbiota, mainly coagulase-negative staphylococci
(CNS) such as Staphylococcus epidermidis, which is the most
common pathogen associated with these types of infection
[1,2]. Nosocomial isolates of S. epidermidis are often resistant
to the majority of antimicrobials available [2,3]. Most studies
report a prevalence of meticillin resistance of approximately
75% in this species, which is often accompanied by resistance to
many other antimicrobial agents belonging to different families
[4]. In addition, this species can adhere to foreign device sur-
faces due to its ability to form biofilms, which protect the
enclosed bacteria, hence hindering the action of antimicrobial
agents [3]. Catheter removal and vancomycin therapy are the
first-line recommendations for meticillin-resistant staphylo-
coccal shunt-associated ventriculitis. However, vancomycin
has poor diffusion in CSF, especially in meningitis without
inflammation of the bloodebrain barrier. Furthermore, van-
comycin toxicity must also be considered in critically ill pa-
tients [1]. In addition, S. epidermidis isolates with reduced
susceptibility to glycopeptides have been reported in recent
years [2]. Consequently, linezolid (LZD) is increasingly being
used for the treatment of drain-associated ventriculitis due to
its good CSF penetration, and efficacy against staphylococcal
infections of the central nervous system [1,2].

LZD is an oxazolidinone with activity against Gram-positive
micro-organisms, including meticillin-resistant staphylococci
and vancomycin-resistant enterococci. It binds to the peptidyl
transferase centre (PTC) of the bacterial ribosome, thereby
blocking protein synthesis at the initial stage [4]. LZD resis-
tance is increasing worldwide. In Spain, the rate of LZD-
resistant S. epidermidis (LRSE) in intensive care units (ICUs)
was 25% in 2015, according to the ICU-acquired infection
Spanish study ENVIN-HELICS [4]. Mutations in the V domain of
the 23S rRNA at the PTC constitute themajor mechanism of LZD
resistance. Alterations in ribosomal proteins L3, L4 and L22,
encoded by the rplC, rplD and rplV genes, respectively, have
also been associated with oxazolidinone resistance [4,5].
Moreover, the transferable cfr gene, which encodes a 23S rRNA
methyltransferase, confers resistance to LZD and other anti-
microbial families, such as phenicols, lincosamides, pleuro-
mutilins and streptogramin A [4,5], and the optrA gene encodes
a newly described transferable mechanism of oxazolidinones
and phenicol resistance, which provides active efflux of these
antimicrobial compounds mediated by ABC transport [6]. All
the aforementioned mechanisms of LZD resistance, except
optrA, have been reported previously in LRSE.
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without giving details on the clinical features of the infected
patients [2,4]. The present study reports a series of nosocomial
ventriculitis caused by a meticillin- and LZD-resistant
S. epidermidis clone in a Spanish hospital, comprising clinical
and epidemiological data of the infected patients as well as the
microbiological features of the isolates involved. To the au-
thors’ knowledge, this is the first series of nosocomial ven-
triculitis by LRSE reported to date.
Materials and methods

CSF cultures from hospitalized patients admitted to the
Hospital Universitario Central de Asturias (HUCA), Spain, in
2013e2016, and positive for S. epidermidis were reviewed
retrospectively. The medical records of the patients were also
reviewed. Isolates with LZD minimal inhibitory concentration
(MIC) >4 mg/L were considered to be resistant, according to
Clinical and Laboratory Standards Institute breakpoints [7],
and included in the study. Data on LZD utilization were ob-
tained from the hospital pharmacy and expressed as defined
daily dose (DDD) per 100 patient-days of bed occupancy.

Bacterial identification and antimicrobial susceptibility
testing were performed by the MicroScan System (Beckman
Coulter, Porterville, CA, USA). Identification was confirmed by
matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry (microflex; Bruker Daltonik GmbH, Bremen,
Germany). MICs to LZD and tedizolid were determined using E-
test strips (bioMérieux, Marcy l’Etoile, France).

Chromosomal DNA was extracted with Automated Nucleic
Acid Extractor MagCore HF16 (RBC Bioscience Corp., New Tai-
pei City, Taiwan), and polymerase chain reaction (PCR)
amplification of the six copies of the 23S rRNA gene of
S. epidermidis was performed as described previously [5].
Nested PCR amplification of the central loop of the V domain of
the six copies of the 23S rRNA gene (rrlA to rrlF), as well as
amplification of the rplV gene (coding for ribosomal protein
L22), were done as reported [5]. For amplification of the rplC
and rplD genes (for ribosomal proteins L3 and L4, respectively),
the following primer pairs were designed for the present study:
L3-Fw (CATCGTTTAATTCAACTGAACCTG), L3-Rv (CTTACCAT-
CAGGTGTAGACATCGA), L4-Fw (GCACGAGTATCTACATCGAAAGTG)
and L4-Rv (AAAGGCAATGTACCTGGACCTA). The obtained ampli-
cons were sequenced and comparedwith the corresponding genes
of the LZD-susceptible S. epidermidis reference strain RP62A
(ATCC 35984). Screening of cfr and optrA was also accomplished
by PCR [4,6].

PFGE with SmaI and multi-locus sequence typing (MLST)
were performed as reported previously [8].
Results

Over the study period (2013e2016), 30 S. epidermidis were
isolated from CSF at HUCA. Seven of these (23.3%) were resis-
tant to LZD, but only five could be recovered for further
characterization. LZD and tedizolid MICs for these isolates
were >256 mg/L and >32 mg/L, respectively, and all five iso-
lates were also resistant to meticillin but susceptible to van-
comycin. The five CSF infections were acquired nosocomially
(>48 h after admission) [9], and confirmed as ventriculitis
l ventriculitis caused by a meticillin- and linezolid-resistant clone of
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Table I

Clinical features of patients with nosocomial ventriculitis caused by linezolid (LZD)-resistant Staphylococcus epidermidis

Patient Sex/age

(years)

Date of bacterial

isolationa
Ward Length of ICU

stay (days)

Underlying

condition

Time between EVD

implantation and

infection (days)

Previous LZD use

(no. of days of use)

Treatment/

outcome

1 Male/50 25th July 2013 ICU 17 CH 17 No Vancomycin IV/
discharged

2 Male/64 29th July 2014 ICU 10 HIV/CH 9 No Vancomycin IV/
diedc

3 Male/70 10th July 2015 ICU 16 DM/CH 16 Yes (3) Vancomycin IV/
discharged

4 Male/42 2nd September
2015

ICU 26 CH 19 Yes (19) Vancomycin IV and
IT/discharged

5 Male/86 1st February
2016

Neurosurgery 23 CLL/HT 4b Yes (7) Vancomycin IV and
IT/discharged

ICU, intensive care unit; CH, cerebral haemorrhage; HIV, human immunodeficiency virus infection; DM, diabetes mellitus; CLL, chronic lymphoid
leukaemia; HT, head trauma; EVD, external ventricular drain; IV, intravenous; IT, intrathecal.
a S. epidermidis isolates recovered from Patients 1e5 were termed Sep-HUCA1 to Sep-HUCA5, respectively. Two other isolates, which were not

available for further characterization, were obtained in April 2013 and March 2015 from patients admitted to the ICU and postoperative ICU,
respectively. The first patient was treated with LZD for 12 days before LRSE (LZD-resistant S. epidermidis) isolation. The second patient did not
receive LZD therapy previous to the LRSE infection.
b Patient had multiple previous EVD removals.
c The patient died of heart failure unrelated to the infection.
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according to Centers for Disease Control and Prevention defi-
nitions [10]. All the infected patients suffered from cerebral
haemorrhage or head trauma, required external ventricular
drain placement, and had prolonged stays in the ICU (10e26
days), and three of them had received LZD therapy previously
(Table I). These facts are known risk factors for selection of
LRSE [11]. The use of LZD at HUCAwas 7.72, 8.10, 8.10 and 7.91
DDDs/100 patient-days in the ICU, and 0.99, 1.21, 2.33 and 2.49
in other hospital wards, in 2013, 2014, 2015 and 2016,
respectively.

All isolates shared the same mechanism of LZD resistance.
First, they had the G2576T nucleotide mutation (Escherichia
coli numbering will be used throughout) in the V domain of
each of the six copies of the 23S rRNA gene. Second, the Q136L
and M156T substitutions in ribosomal protein L3, and the
71GGR72 insertion in ribosomal protein L4 were also detected
in all isolates. Finally, all of them displayed the previously
described L94V silent mutation in L3 (L101V for S. epidermidis
ATCC 12228), which does not confer LZD resistance [12], and
were negative for the transferable cfr and optrA genes and wild
type for the rplV gene (ribosomal protein L22). In addition to
sharing the same mechanism of LZD resistance, the five LRSE
showed identical PFGE profiles (Figure 1) and were assigned to
clone ST2 by MLST.
Discussion

Between 2013 and 2016, seven isolates, all recovered from
CSF and involved in ventriculitis, were resistant to LZD, which
is an important choice for the treatment of this type of infec-
tion. Although the cases reported in this study occurred be-
tween 2013 and 2016, the rate of LRSE in the ICU increased
drastically in 2012 (from 17% in 2011 to 27% in 2012), and has
remained endemic since. LRSE isolates were associated with
different types of infection, including ventriculitis and
bacteraemia.
Please cite this article in press as: Rodrı́guez-Lucas C, et al., Nosocomia
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The five isolates available for the present study showed the
most frequent mechanism for LZD resistance, namely the
G2576T mutation in the V domain of the 23S rRNA gene. This
change was found in all copies of the gene, which is enough in
itself to justify the high MICs observed for LZD and tedizolid in
the present study, due to ‘gene dosage’ as described previously
[2,4,5,13]. Nevertheless, ribosomal protein mutations were
also found in all isolates, consistent with the complexity of the
genetic bases for LZD resistance in S. epidermidis [14].

The five isolates belonged to the same ST2 clone, which
could have become endemic in the hospital. ST2 is mainly
related to hospital care [3], and its ability to acquire and
accumulate mutations in the 23S rRNA has been highlighted
[15]. LRSE isolates pertaining to ST2 have been associated with
outbreaks and long-term endemic situations in hospitals of
different European countries, including Spain, as well as in the
USA and other American countries [11,12,15e20]. However,
none of the LRSE ST2 isolates were obtained from CSF and only
a single case of meningitis caused by LRSE has been reported
[2]. The latter study focused on daptomycin plus trimetho-
prim/sulfamethoxazole therapy, rather than clinical and
microbiological features, and the sequence type of the isolate
was not determined. In fact, to the best of the authors’
knowledge, the present study reports the first cases of noso-
comial ventriculitis by LRSE to date.

Some authors have suggested low variability of nosocomial
S. epidermidis and a long temporal persistence of the ST2
clone, in contrast to the high diversity of S. epidermidis clones
found in the community [3,12]. In agreement with this, the
same clone was detected in the five patients admitted to HUCA
over the four-year study period (2013e2016), although the
hospital moved to a new building in June 2014. A retrospective
study of the first available LRSE isolates that were recovered
between June 2013 and June 2014 in the old building showed
PFGE patterns identical or closely related to that reported in
the present study, and also belonged to the ST2 clone (data not
l ventriculitis caused by a meticillin- and linezolid-resistant clone of
Infection (2018), https://doi.org/10.1016/j.jhin.2018.02.011
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Figure 1. Pulsed-field gel electrophoresis profiles generated from
Staphylococcus epidermidis isolates by SmaI digestion. Lane l,
Lambda Ladder PFG Marker (New England Biolabs, Beverly, MA,
USA); Lane B, DNA from Salmonella enterica serovar Braenderup
H9812 digested with XbaI; both used as size standards. Lane 1,
Sep-HUCA1; Lane 2, Sep-HUCA2; Lane 3, Sep-HUCA3; Lane 4, Sep-
HUCA4; Lane 5, Sep-HUCA5.
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published). According to Widerström et al., the endemic situ-
ation of multi-drug-resistant nosocomial clones of
S. epidermidismirrors antimicrobial use in hospitals, especially
in ICUs [3]. Strong antimicrobial pressure can select these
clones and lead to rapid colonization of the skin of hospitalized
patients [21]. The high consumption of LZD in the ICU of HUCA
(7.72e8.10 DDDs) approximates the 13 DDD threshold consid-
ered by other authors as necessary for the occurrence of an
outbreak of LZD-resistant bacteria [4]. Cross-transmission and
high use of LZD in the ICU could have played a key role in the
establishment of the ST2 LRSE clone at HUCA, increasing the
risk of nosocomial drain-associated infections and decreasing
therapeutic options. In fact, the isolates studied here were
only susceptible to vancomycin, teicoplanin, daptomycin,
Please cite this article in press as: Rodrı́guez-Lucas C, et al., Nosocomia
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fosfomycin and tetracycline, thus complicating antimicrobial
therapy. Although all patients were treated with vancomycin
and all except one (who died due to heart failure unrelated to
the LRSE infection) were discharged, the therapeutic options
would have been extremely limited in the case of glycopeptide
intolerance.

Infection control measures have been established over
recent years in the ICU of HUCA due to the emergence of LRSE
and the severity of the infections it causes, such as those re-
ported in this study. First, LZD consumption in the ICU has been
reduced, and it is now mainly used for targeted therapy. LZD
has been replaced by vancomycin for empirical treatment of
most nosocomial infections in which a Gram-positive bacterium
could be involved. Moreover, as an antimicrobial stewardship
intervention, since 2017, an expert assistant on infectious
diseases has reviewed (on a weekly basis or on request) the use
of broad-spectrum antimicrobials in the ICU. Following the
implementation of these measures, both LZD consumption and
the rate of LRSE decreased in 2017 to 6.34 DDDs and 13.6%,
respectively.

This study highlights the importance of infection control
measures and antimicrobial stewardship interventions to con-
trol the dissemination of difficult-to-treat LRSE nosocomial
endemic clones, and to preserve the therapeutic efficacy of
LZD.

Conflict of interest statement
None declared.

Funding sources
None.
References

[1] van de Beek D, Drake JM, Tunkel AR. Nosocomial bacterial men-
ingitis. N Engl J Med 2010;362:146e54.

[2] Vena A, Falcone M, Comandini E, Meledandri M, Novelli A,
Campanile F, et al. Daptomycin plus trimethoprim/sulfamethox-
azole combination therapy in post-neurosurgical meningitis
caused by linezolid-resistant Staphylococcus epidermidis. Diagn
Microbiol Infect Dis 2013;76:99e102.

[3] Widerström M, Monsen T, Karlsson C, Edebro H, Johansson A,
Wiström J. Clonality among multidrug-resistant hospital-associ-
ated Staphylococcus epidermidis in northern Europe. Scand J
Infect Dis 2009;41:642e9.

[4] Baos E, Candel FJ, Merino P, Pena I, Picazo JJ. Characterization
and monitoring of linezolid-resistant clinical isolates of Staphy-
lococcus epidermidis in an intensive care unit 4 years after an
outbreak of infection by cfr-mediated linezolid-resistant Staph-
ylococcus aureus. Diagn Microbiol Infect Dis 2013;76:325e9.

[5] Locke JB, Hilgers M, Shaw KJ. Mutations in ribosomal protein L3
are associated with oxazolidinone resistance in staphylococci of
clinical origin. Antimicrob Agents Chemother 2009;53:5275e8.

[6] Brenciani A, Morroni G, Vincenzi C, Manso E, Mingoia M,
Giovanetti E, et al. Detection in Italy of two clinical Enterococcus
faecium isolates carrying both the oxazolidinone and phenicol
resistance gene optrA and a silent multiresistance gene cfr.
J Antimicrob Chemother 2016;71:1118e9.

[7] Clinical and Laboratory Standards Institute. Performance stan-
dards for antimicrobial susceptibility testing. CLSI supplement
M100. 27th ed. Wayne, PA: CLSI; 2017.

[8] Thomas JC, Vargas MR, Miragaia M, Peacock SJ, Archer GL,
Enright MC. Improved multilocus sequence typing scheme for
Staphylococcus epidermidis. J Clin Microbiol 2007;45:616e9.
l ventriculitis caused by a meticillin- and linezolid-resistant clone of
Infection (2018), https://doi.org/10.1016/j.jhin.2018.02.011

http://refhub.elsevier.com/S0195-6701(18)30104-X/sref1
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref1
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref1
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref2
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref2
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref2
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref2
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref2
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref2
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref3
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref3
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref3
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref3
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref3
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref4
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref4
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref4
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref4
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref4
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref4
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref5
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref5
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref5
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref5
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref6
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref6
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref6
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref6
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref6
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref6
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref7
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref7
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref7
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref7
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref8
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref8
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref8
http://refhub.elsevier.com/S0195-6701(18)30104-X/sref8


C. Rodrı́guez-Lucas et al. / Journal of Hospital Infection xxx (2018) 1e5 5
[9] Inweregbu K, Dave J, Pittard A. Nosocomial infections. Contin
Educ Anaesth Crit Care Pain 2005;5:14e7.

[10] Horan TC, Andrus M, Dudeck MA. CDC/NHSN surveillance defini-
tion of health care e associated infection and criteria for specific
types of infections in the acute care setting. Am J Infect Control
2008;36:309e32.

[11] Russo A, Campanile F, Falcone M, Tascini C, Bassetti M,
Goldoni P, et al. Linezolid-resistant staphylococcal bacteraemia:
a multicentre caseecaseecontrol study in Italy. Int J Antimicrob
Agents 2015;45:255e61.

[12] Barros M, Branquinho R, Grosso F, Peixe L, Novais C. Linezolid-
resistant Staphylococcus epidermidis, Portugal, 2012. Emerg
Infect Dis 2014;20:903e5.

[13] Bender J, Strommenger B, Steglich M, Zimmermann O, Fenner I,
Lensing C, et al. Linezolid resistance in clinical isolates of
Staphylococcus epidermidis from German hospitals and charac-
terization of two cfr-carrying plasmids. J Antimicrob Chemother
2015;70:1630e8.

[14] Mendes RE, Deshpande LM, Jones RN. Linezolid update: stable
in vitro activity following more than a decade of clinical use and
summary of associated resistance mechanisms. Drug Resist Updat
2014;17:1e12.

[15] de Almeida LM, Lincopan N, de Araújo M, Mamizuka EM.
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