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Temporal Changes in Linezolid Minimum Inhibitory Concentration
Values in Vancomycin-resistant Enterococci and Methicillin-

resistant Staphylococcus aureus Strains
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Abstract

Introduction: Vancomycin-resistant enterococci (VRE) and methicillin-resistant Staphylococcus aureus (MRSA) infections are among the most
common Gram-positive nosocomial infections. These isolates are resistant to most antibiotics, limiting the antibiotic options that can be used in
treatment and causing treatment failure. Linezolid is an important option in the treatment of resistant Gram-positive infections, and came into use
in Turkey in 2006. Linezolid-resistant Enterococci and Staphylococcus strains are rarely reported worldwide. The aim of this study was to investigate
whether there was an increase in linezolid minimum inhibitory concentration (MIC) values in VRE and MRSA isolates over time.

Materials and Methods: Thirteen VRE and 20 MRSA isolates from 2005-2009 (group 1), 18 VRE and 20 MRSA isolates from 2013-2014 (group 2),
and seven VRE and 27 MRSA isolates from 2017-2018 (group 3) obtained from various clinical samples at Kocaeli University Medical Faculty Hospital
were included in the study. The linezolid MIC values of the isolates were determined by broth microdilution method. The results were interpreted
according to the European Committee on Antimicrobial Susceptibility Testing standards.

Results: All of the VRE and MRSA isolates were susceptible to linezolid. Linezolid MIC_, and MIC,, values were 2 mg/l in VRE isolates in all three
groups. In MRSA isolates, MIC_j was 2 mg/l in group 1, and 4 mg/l in groups 2 and 3, while MIC, was 4 mg/l in all groups.

Conclusion: Global rates of linezolid resistance has been reported to be <19% for S. aureus and VRE. There were no linezolid-resistant isolates in this
study. However, we detected a significant increase in MIC,j and MIC, values compared to most earlier studies performed in Turkey. This increase
is expected due to the widespread use of linezolid over the years. The principles of rational antibiotic use should be applied to maintain the low
resistance rates to linezolid, which is one of the few remaining options for the treatment of multidrug-resistant Gram-positive infections.
Keywords: Epidemiology, glycopeptides

Giris: Vankomisine direncli enterokok (VRE) ve metisiline direncli Staphylococcus aureus (MRSA) enfeksiyonlari Gram-olumlu hastane enfeksiyonlari
arasinda ilk siralarda yer almaktadir. Bu izolatlarin cogunun antibiyotige direncli olmasi, tedavide kullanilabilecek antibiyotik seceneklerini kisitlamakta
ve tedavi basarisizligini beraberinde getirmektedir. Direncli Gram-olumlu enfeksiyonlarin tedavisinde 6nemli bir secenek olan linezolid, Tiirkiye'de
2006 yilinda kullanima girmistir. Diinyada nadiren de olsa, linezolid direncli enterokok ve stafilokok suslari bildirilmektedir. Bu ¢calismada VRE ve MRSA
izolatlarinda linezolid minimum inhibitér konsantrasyonu (MiK) degerlerinde yillar igerisinde artis olup olmadiginin arastiriimasi amaclanmistir.
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Gereg ve Yontem: Kocaeli Universitesi Tip Fakiiltesi Hastanesi'nde cesitli klinik érneklerden izole edilmis 2005-2009 (grup 1) yillarindan 13 VRE, 20
MRSA, 2013-2014 (grup 2) yillarindan 18 VRE, 20 MRSA ve 2017-2018 (grup 3) yillarindan yedi VRE, 27 MRSA izolatinin, linezolid MiK degerleri sivi
mikrodillisyon yontemiyle belirlenmistir. Sonuclar European Committee on Antimicrobial Susceptibility Testing standartlarina gére yorumlanmistir.
Bulgular: VRE ve MRSA izolatlarinin hepsi linezolide duyarli bulunmustur. Her Gi¢ gruptaki VRE izolatlarinda linezolid MiKs[J ve MiK90 degeri 2 mg/l
olarak saptanmistir. Metisiline direncli Staphylococcus aureus izolatlarinda ise MIK degeri grup 1 de 2 mg/l, diger gruplarda 4 mg/| bulunurken,
MIK,, degeri tiim izolatlarda 4 mg/l bulunmustur.

Sonugc: Yapilan ¢alismalarda, diinya genelinde linezolid direnci S. aureus ve VRE igin <%1 olarak bildirilmistir. Bu calismada da linezolide direncli
izolat tanimlanmamis, MiK50 ve MiKgﬂ degerlerinde, Glkemizde farkli tarihlerde yapiimis cogu ¢alismaya gore belirgin bir artis oldugu gozlenmistir. Bu
artis, linezolid kullaniminin yillar icinde yayginlasmasi ile beklenen bir durumdur. Linezolid, halen direncli Gram-olumlu enfeksiyonlarin tedavisindeki
onemli seceneklerden biridir. Akiler kullanim ve antibiyotik duyarlilik verilerinin yakin takibi ile direng gelisiminin 6niine gecilerek duyarlihiginin

devami saglanmalidir.
Anahtar Kelimeler: Epidemiyoloji, glikopeptitler

Introduction

Staphylococci and enterococci are the two leading causes of
Gram-positive nosocomial infections!™”). Multidrug resistance
in vancomycin-resistant enterococci (VRE) and methicillin-
resistant Staphylococcus aureus (MRSA) strains limit the agents
that can be used in the treatment of infections caused by these
bacteria. Linezolid is an effective and important alternative
for treating resistant Gram-positive microorganisms such as
MRSA, VRE, and penicillin-resistant Streptococcus pneumoniae.
Linezolid became available in Turkey in 200624,

Since its introduction into clinical use, isolates with reduced
sensitivity to linezolid have been reported worldwide, including
Turkey. According to global surveillance data, linezolid sensitivity
in staphylococci (including MRSA) and enterococci (including
VRE) is >99%"l. According to the national surveillance data
from Turkey, rates of linezolid resistance were reported to be
0-2.3% in S. aureus and <1% in enterococci®®”,

This study was conducted to investigate whether linezolid
minimum inhibitor concentration (MIC) values have increased
in VRE and MRSA isolates over time.

Materials and Methods

A total of 38 VRE and 67 MRSA isolates obtained from various
clinical samples in the Kocaeli University Faculty of Medicine
Hospital were included in the study. In order to better observe
temporal changes in MIC, the isolates were divided into three
groups, with the oldest deep-frozen isolates that we could
access included in the first group: group 1 (2005-2009), group 2
(2013-2014), and group 3 (2017-2018). In total, 13 VRE and 20
MRSA strains from group 1, 18 VRE and 20 MRSA strains from
group 2, and seven VRE and 27 MRSA strains from group 3 were
included in the study.

Strainsthathad previously undergone species-level identification
and susceptibility testing in a VITEK 2 (bioMérieux, France)
system prior to storage at -80 °C were removed from storage
and passaged twice.

Using the disc diffusion method, vancomycin resistance was
determined in enterococcus isolates grown in pure culture using
5 pg vancomycin disc (Oxoid, UK), whereas in S. aureus isolates,
methicillin resistance was determined using 30 pg cefoxitin
(Oxoid, UK) disc. In accordance with European Committee on
Antimicrobial Susceptibility Testing (EUCAST) recommendations,
enterococci with inhibition zone diameter <12 mm were
considered to be VRE and S. aureus isolates with zone diameter
<22 mm were considered to be MRSA®,

Linezolid MIC values of the MRSA and VRE isolates were
identified using the broth microdilution method. For this
purpose, bacterial suspensions with turbidity equivalent to
McFarland 0.5 standard were prepared using colonies in fresh
bacterial culture. Cation-adjusted Mueller-Hinton broth was
placed in sterile, round bottom plates. Serial two-fold dilutions
were performed to yield antibiotic concentrations from 0.0625
to 32 mg/l. Bacterial suspension was then added to the wells of
antibiotic solution to make the final concentration of inoculum
5x10° colony-forming units/ml, and the plates were incubated
at 35 °C for 18 hours. The lowest antibiotic concentration at
which there was no visible growth was accepted as the MIC
value. E. faecalis ATCC 29212 and S. aureus 29213 were used
as control strains. Based on EUCAST standards, isolates of both
species with a linezolid MIC value <4 mg/L were considered to
be susceptiblel®?,

Thirty-four of the MRSA isolates originated from skin and soft
tissue samples, 12 from respiratory system samples, 12 from
catheters, six from sterile body fluid, and three from urine.
Seventeen of the VRE isolates originated from urine, 16 from soft
tissue, one from the respiratory system, two from sterile body
fluid, one from catheter, and one from stool sample (Table 1).

All of the VRE and MRSA isolates were found to be susceptible
to linezolid. Linezolid MIC, and MIC,; values of VRE isolates
were 2 mg/l in all three groups. The MIC, value of MRSA isolates
was 2 mg/l in group 1 and 4 mg/l in groups 2 and 3, while MIC,,
was 4 mg/l in all isolates (Table 2).
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Data from the Healthcare-Associated Infections Surveillance
Network of Turkey (HAl-net) indicate that in 2015, 2016,
and 2017, VRE accounted for 14.3%, 13.33%, and 12.17%
of enterococci isolates that caused hospital infection and
39.15%, 38.83%, and 37.43% of S. aureus isolates were MRSA,
respectively. Although resistance rates have shown a downward
trend over the years, proportions of MRSA (37.43%) and VRE
(12.17%) are very high according to the most recent datal'™
12 Multidrug-resistant isolates such as VRE and MRSA comprise
a major problem in the treatment of infections they cause.
Linezolid is one of very few antibiotics that can effectively treat
these infections® .

One year after linezolid became clinically available, the first
linezolid-resistant S. aureusisolate was reported from the United
States in a patient treated with linezolid for one month!™. In
the following years, reports of linezolid-resistant MRSA and
VRE isolates continued®'>'%, The detection of linezolid-resistant
isolates after linezolid use in particular is noteworthy7-19, |n
a study investigating risk factors associated with 48 VRE isolates
with reduced linezolid susceptibility isolated over a period of
eight years, Santayana et al.?” identified linezolid use in the
past year as an independent risk factor (OR: 31.84).

Table 1. Distribution of isolates by sample type

According to 2014 data from an American surveillance program
monitoring linezolid resistance, three MRSA and six VRE isolates
were reported to be resistant to linezolid. The authors stated
that resistance was unchanged from previous years, with MIC |
and MIC,, values of 1 mg/l for both MRSA and VRE isolates®".
In their 2009 study, Efe et al.?” determined that linezolid MIC_|
and MIC,, were 1.5 mg/l and 2 mg/l in MRSA and 0.75 mg/l and
1.5 mg/l in VRE, respectively.

In a multicenter study examining linezolid susceptibility,
0.01% of 18,527 S. aureus strains were found to be resistant®.
An outbreak of linezolid-resistant S. aureus was reported in
an intensive care unit in Madrid"®, Morales et al.”*! reported
another outbreak of linezolid-resistant MRSA in 12 intensive
care patients. According to national surveillance reports in
Turkey, linezolid resistance rates are reported as 0-2.3% for S.
aureus, and Staphylococcus isolates with reduced susceptibility
or resistance to linezolid have not been identified in many local
studies672427,

Aktas et al.?® reported two linezolid-resistant VRE isolates (2%)
for the first time in Turkey in 2012, and determined that the
linezolid MIC,, and MIC,  values were 4 and 4, respectively,
while MIC range was 1-16 mg/l. According to Clinical and
Laboratory Standards Institute (CLSI) standards®” (linezolid
MIC threshold values of >8 for resistance, 4 for intermediate,

*SST Respiratory *SBF Urine Stool Catheter
Group 1 7 0 2 4 0 0
VRE (n=38) Group 2 6 1 0 10 1 0
Group 3 3 0 0 3 0 1
Group 4 10 5 3 2 0 0
MRSA (n=67) Group 5 N 3 2 1 0 3
Group 6 13 4 1 0 0 9

*SST: Skin and soft tissue, *SBF: Sterile body fluid, VRE: Vancomycin-resistant enterococci, MRSA: Methicillin-resistant Staphylococcus aureus

Table 2. Linezolid minimum inhibitor concentration (MIC), MIC, ., and MIC_ values and MIC ranges in vancomycin-resistant
enterococci and methicillin-resistant Staphylococcus aureus isolates

MIC value (number of strains) MIC range
Isolate MIC, (mg/) | MIC, (mg/l 9
1 mg/l 2 mg/l 4 mg/l 20 (/) w0 (mo/) (mg/1)

Group 1 - 12 1 2 2 2-4
VRE (n=38) Group 2 - 16 2 2 2 2-4

Group 3 1 5 1 2 2 1-4

Group 1 - 10 10 2 4 2-4
MRSA (n=67)

Group 2 - 6 14 4 4 2-4

Group 3 1 n 15 4 4 1-4

MIC: Minimum inhibitor concentration, VRE: Vancomycin-resistant enterococci, MRSA: Methicillin-resistant Staphylococcus aureus
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<2 for susceptibility), 66% of the isolates were intermediate
and 32% were susceptible. In another study based on CLSI
standards, Iraz et al.?® reported that two enterococci isolates
were intermediate and three (2%) were resistant to linezolid.
Although no resistance was detected in most previous studies,
it was reported that resistance may emerge during linezolid
use?23031 Rates of linezolid resistance in studies performed in
Turkey are shown in Table 3[2224-26.28-3032.33)

According to data from Turkey included in the 2014 and
2018 Central Asian and Eastern European Surveillance of
Antimicrobial Resistance (CAESAR) reports, linezolid resistance
rates fell from 2% to 0% in invasive S. aureus isolates, from 2%
to 0% in E. faecalis isolates, and from 4% to 1% in E. faecium
isolates?34. Similarly, in Turkey HAI-net 2016 and 2017 reports,
linezolid resistance rates classified by infection type declined in
enterococci, but the increase in S. aureus was a notable contrast
to the CAESAR reports (Table 4)B%3, This difference may be
attributable to the different sample groups in the two studies
(only blood and cerebrospinal fluid isolates were evaluated in
CAESAR).

In the present study, linezolid MIC_, and MIC_, values for both
strains (2-4 mg/l and 4-4 mg/l) were higher than in most of the
studies cited above. This may be due to probable more common

use of linezolid over the years. In publications from Turkey, it
appears that CLSI standards were generally used as evaluation
criteria in studies investigating linezolid MIC values in VRE or
MRSA isolates (Table 3). Although we found similar MIC values,
our results differed from those that used CLSI criteria in that
all isolates in our study were susceptible to linezolid, because
we evaluated our results based on EUCAST standards. While a
MIC value of 4 mg/l for linezolid is in the intermediate category
in the CLSI classification, it is considered to be susceptible
according to EUCAST®37,

Our use of the broth microdilution method, which is the
reference method to identify linezolid MIC, and evaluation of
the results based on current EUCAST criteria provided more
objective and valuable data. However, analyzing larger numbers
of isolates and possibly organizing multicenter studies may yield
more reliable data and more significant results when monitoring
resistance.

Since linezolid became clinically available, there have been few
reports of reduced susceptibility to it, which is very encouraging
in the current era of descending antibiotic treatment options.
Our investigation of temporal changes in linezolid MIC in VRE

Table 3. Rates of linezolid resistance in studies conducted in Turkey

MIG, MICy, MIC ranges res!'sl?::ggc(l%) Method/criteria Year/region
VRE | MRSA | VRE | MRSA VRE MRSA VRE | MRSA

Efe et al.l"! 0.75 1.5 1.5 2 0.25-2 0.25-3 %0 %0 E-test/CLSI 2009 Bursa
Aktas et al.?¥ 4 - 4 - 1-16 - 002 - Broth microdilution/CLSI 2007 istanbul
Iraz et al.?® - - - - - - %2 - Vitek-2/CLS| 2012 istanbul
Ozseven et al.2® - - - - - - %4 - Disc diffusion/CLSI 2011 Isparta
Cikman et al.?? - 0.75 - 1 - 0.125-1.5 - %0 E-test/CLSI 2014/Multicenter
Yildiz et al.l2" - 2 - 2 - - - %0 Agar dilution/CLSI 2014/Multicenter
Cesur et al.?3 - 0.38 - 0.50 - - - %0 E-test/CLSI 2009/Multicenter
Parlak et al.29 0.75 - 1.5 - 0.047-2 - %0 - E-test/CLSI 2011/Van
Zencir et al.Bd - 0.5 - 1 - 0.25-1 - %0 E-test/CLSI 2013 izmir

MIC: Minimum inhibitor concentration, VRE: Vancomycin-resistant enterococci, MRSA: Methicillin-resistant Staphylococcus aureus, CLSI: Clinical and Laboratory Standards Institute

Table 4. Rates of linezolid resistance in S. aureus, E. faecium, and E. faecalis according to the type of healthcare-associated
infection (%) (Healthcare-Associated Infections Surveillance Network-net 2016-2017 national data for Turkey)>3¢

S. aureus E. faecium E. fecalis
2016 2017 2016 2017 2016 2017
Pneumonia %1.82 %2.6 %0 %0 %0 %0
Urinary tract infection %0 002,08 %2.4 %1.32 %2.53 %1.88
Bloodstream infection %2,86 03,39 003.09 %3.05 %1.37 %0.76
Surgical site infection %1,19 %1 002.7 %1.04 0/03.81 001.41
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and MRSA isolates revealed no linezolid-resistant strains, but
we observed a significant increase in MIC, and MIC  values
compared with other studies conducted in Turkey. Linezolid
is one of the few potentially effective treatment options for
resistant Gram-positive infections. Hence, clinicians’ goal should
be to maintain the low resistance rates by practicing rational
antibiotic use and prevent the development of resistance
through close monitoring.
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