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Background: The emergence and spread of linezolid-resistant Enterococcus faecalis
(E. faecalis) have emerged as a serious threat to human health globally. Therefore, this
study aims to compare the anti-microbic as well as the anti-biofilm activity of linezolid,
tedizolid, and radezolid against linezolid-resistant E. faecalis.

Methods: A total of 2128 E. faecalis isolates were assessed from the First Affiliated
Hospital of Wenzhou Medical University from 2011 to 2019. Antibiotic sensitivity was
evaluated using the micro broth dilution method. Oxazolidinone-resistant chromosomal and
plasmid-borne genes such as cfi; cfi(4), cfr(B), cfi(C), cfr(D), optrA, and poxtA were detected
by PCR and then sequenced to detect the presence of mutations in the domain V of the 23S
rRNA and the ribosomal proteins L3, L4, and L22. Conjugation experiments were conducted
using the broth method. The inhibition and eradication of biofilm were evaluated through
crystal violet staining, whereas the efflux pump activities were detected by agar dilution.
Results: Out of 2128 isolated E. faecalis, 71 (3.34%) were linezolid-resistant isolates in which the
MICs of tedizolid and radezolid ranged from 1 to 4 pg/mL and 0.5-1 pg/mL, respectively. The
MIC5¢/MICy, of tedizolid and radezolid were 4 and 8-fold lower than the linezolid, respectively.
Out of 71 resistant isolates, 57 (80.28%) carried optr4, 1 (1.41%) carried cfi, 4 (5.63%) carried
optr4 and cfr, and 6 (8.45%) carried optr4 and cfr(D), with no mutations of 23S rRNA gene and
ribosomal proteins L3, L4, and 1.22. Besides, the transfer rate of the optrA, cfr, and cfi(D) was
17.91%, 0% and 0%, respectively. Radezolid showed more effectiveness in eradicating biofilm (8 x
MIC). However, tedizolid was more effective than radezolid and linezolid in inhibiting the biofilm
formation (1/4 MIC, 1/8MIC, and 1/16MIC). Additionally, in combination with CCCP, the MICs
of radezolid in all linezolid-resistant isolates decreased >4-fold.

Conclusion: Radezolid showed greater antimicrobial activity than tedizolid and linezolid
against linezolid-resistant E. faecalis. However, both tedizolid and radezolid showed differ-
ential activity on biofilm inhibition, eradication, and efflux pump compared to linezolid.
Thus, our study might bring important clinical value in the application of these drugs for
resistant pathogenic strains.

Keywords: Enterococcus faecalis, linezolid, tedizolid, radezolid, in vitro activity, anti-

biofilm activity

Introduction
Enterococcus is a Gram-positive bacteria organism that is the most common
hospital-acquired infection.! It is a significant public concern globally due to
substantial and mortality worldwide.”

morbidity Enterococcus  faecalis

E. faecalis) is a pathogenic strain and accounts for approximately 97% of all
(E. . pathog pp y
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infective endocarditis (IE) cases, as a hospital acquired
infection.’ In recent years, multidrug-resistant (MDR)
E. faecalis has spread rapidly with its high ability to
form biofilm. Unfortunately, the MDR infections caused
by E. faecalis are hard to cure, making the clinical treat-
ment ever challenging. Besides, the choices for anti-
infective therapies are further narrowed due to the intrinsic
and acquired resistance of E. faecalis.* The limited avail-
ability of novel antimicrobial agents is also posing diffi-
culties for anti-infection treatment in clinics. Thus, new
effective ways for the treatment of MDR E. faecalis infec-
tion are urgently warranted.

Oxazolidinone is a new class of antibacterial agents
that inhibits bacterial protein synthesis by preventing the
binding of the aminoacyl-tRNA to the site of the
ribosome.”>” Linezolid was the first clinically helpful oxa-
zolidinone antibacterial agent approved by the US Food
and Drug Administration (FDA).® However, linezolid-
resistant Staphylococcus aureus and Enterococcus spp
emergence have risen in recent years due to the extensive
use of linezolid in clinical practice.” Therefore, it is extre-
mely important to develop new oxazolidinone antimicro-
bial agents.

Tedizolid, a
the second-generation oxazolidinone approved by the
FDA (Food and Drug Administration). It exerts its anti-
bacterial activity by binding to the peptidyl transferase
center (PTC) of the 50S subunit of the bacterial ribosome,
making it more active against enterococci than linezolid."

novel oxazolidinone prodrug, is

Moreover, structural differences between the C- and
D-loop creates additional target site for interaction with
23S rRNA residues to form the PTC binding site, enhan-
cing the effectiveness of tedizolid.'' Radezolid is another
oxazolidinone antimicrobial agent possessing enhanced
antibacterial potency against antibiotic-resistant Gram-
positive bacteria compared with linezolid. It exerts its
antimicrobial activity by forming n-n stacking interactions
with the 50S subunit of the bacteria.'? Till now, only a few
studies have compared the antibacterial activity of tedizo-
lid and radezolid with linezolid against the Staphylococcus
aureus and Enterococcus.'>'* However, the comparison of
in vitro activity of these two oxazolidinone agents against
linezolid-resistant E. faecalis remains unknown.
Linezolid resistance is unusual among enterococci,
however, the number of linezolid-resistant strains has
increased gradually over the years. The resistance in enter-
ococci is generally contributed by the point mutations in
the chromosomal 23S rRNA gene, although the amino

acid change G2576T being the predominant one, other
changes (G2505A, U2500A, G2447U, (C2534U, and
G2603U) have also been reported;'”> Mutations in the
ribosomal proteins L3, L4, and L22 encoded by rplC,
plD,
resistance.'® On the other hand, the acquisition of the
plasmid-borne genes (cfr; cfr(B), cfr(D), optrdA, and
poxtA) can also cause resistance from linezolid.'”'® The

and 1rplV genes contributed to linezolid

cfr gene and its variants cfr(B) and cfr(D) have also been
reported in the resistance to oxazolidinones. This encodes
for rRNA methyltransferase, which modifies the adenine
residue at the 2503 position of domain V in the 23S
rRNA." The optrA gene encodes the ATP-binding cas-
sette F (ABC-F) protein and mediates resistance to oxazo-
lidinones by protecting the bacterial ribosome. PoxtA is
another gene associated with decreased susceptibility to
oxazolidinones.'” Tedizolid possesses greater in-vitro
potency than its first-class predecessor, linezolid. The
G2576T mutation®® are known to generate resistance
against tedizolid, and the presence of optrA®' are known
to generate resistance against tedizolid. Although fewer
studies report the resistance to radezolid, it is related to
the mutations in the V domain of 23S rRNA.** Biofilms
are enclosed exopolymer matrix on bacteria, restricting the
diffusion as well as the penetration of antimicrobials.
Although biofilms structure reduces the antibacterial
effect, linezolid has been reported to have good inhibitory

effects on E. faecalis biofilms,*~*

which may be related
to the time and dosage of treatment and the inhibition of
the number of bacteria in the growing biofilm.>> Besides,
previous research has reported that the MICs for linezolid
or radezolid showed a 2 to 8 fold decreased by the pre-
sence of PAPN (efflux pump inhibitors).”® Although tedi-
zolid and radezolid belong to the same oxazolidinones
class drugs, the differences in their antimicrobial activity
against linezolid-resistant E. faecalis are still unclear.
Moreover, the variable effect of tedizolid and radezolid
on the biofilm of linezolid-resistant E. faecalis compared
with linezolid and the role and differences of efflux pump
in these three generations oxazolidinones resistance is still
largely unknown.

Therefore, the current study was carried out to under-
stand and compare the antimicrobial as well as the anti-
biofilm activity among linezolid, tedizolid, and radezolid
against linezolid-resistant clinical E. faecalis. Further, the
differences in the effect of biofilm and efflux pump inhi-
bitors among three antimicrobial agents were also
assessed. The result of this study is expected to make an
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essential contribution to the control of hospital-acquired
infections caused by the epidemic of E. faecalis.

Materials and Methods

Bacterial Strains and Antimicrobial
Susceptibility Testing

During the year 2011-2019 period, 2128 clinical E. faecalis
isolates were collected from the First Affiliated Hospital of
Wenzhou Medical University, China. Identification of the
isolates were performed by the matrix-assisted laser deso-
rption/ionization-time of flight mass spectrometry (MALDI-
TOF MS; bioMérieux, Lyons, France). In addition, duplicate
strains isolated from the same part of the same patient were
removed during strains collection. Minimum inhibitory con-
centrations (MICs) of linezolid, tedizolid and radezolid were
determined by the microdilution broth method with cation-
adjusted Mueller—Hinton broth based on the Clinical and
Laboratory Standards Institute (CLSI, 2020),%” whereas the
E. faecalis ATCC 29212 was used for the quality control
strain.

Detection of Linezolid Resistance Genes
The DNA of linezolid-resistant E. faecalis isolates were
extracted using a Bioflux bacterial DNA Extraction Kit.
The 23S rRNA and ribosomal proteins L3, L4, and 122
were amplified by the polymerase chain reaction (PCR)
using the specific primers®® (Table S1). The amplified PCR
products were sequenced by Shanghai Majorbio Bio-Pharm
Technology Co. (Shanghai, China). Further, the sequences
were aligned to analyze any possible gene mutations by
BLAST on the National Center for Biotechnology
Information (NCBI) (http://blast.ncbi.nlm.nih.gov/Blast.
cgi). The transferable resistance genes cfi; cfr(4), cfr(B),
cfir(C), cfr(D), optrA and potxA were also screened by PCR
assays using the primers® listed in Table S1I.

Conjugation Experiments

Filter mating was conducted for the cfi-, cfi(D)- and optrA-
positive strains of E. faecalis JH2-2 as recipients, based on the
previously reported method.*® Thereafter, the transconjugants
were selected on Mueller—Hinton agar plates supplemented
with 10 pg/mL florfenicol and 25 pg/mL rifampicin. The
transconjugants were further confirmed by PCR.

Biofilm Biomass Assay
The inhibition and eradication of biofilm by linezolid, tedi-
zolid or, radezolid against the 8 E. faecalis clinical isolates

(FC1996, FC2021, FC2234, FC2257, FC2279, FC2309,
FC2471, FC2484) were performe. The crystal violet staining
detected isolates were randomly selected as previously
described.*' For biofilm eradication assay, E. faecalis strains
were inoculated into 96-well polystyrene microtiter plates
with Luria-Bertani broth (1% NaCl, 1% tryptone, 0.5%
yeast extract) for the formation of mature biofilms. After
24 h of static incubation, the supernatants were discarded,
and the plates were washed with 0.9% saline to remove
unattached cells. Thereafter, fresh Luria-Bertani broth con-
taining linezolid, tedizolid or radezolid (8 x MIC) was added
to the wells. Till the 48 h of static incubation, the medium
was replaced daily, and at the end of incubation the remain-
ing biofilm biomass was determined by crystal violet stain-
ing. The biofilms biomass formed in 96-well polystyrene
microtiter plates was determined by detecting the absor-
bance at 595nm. Additionally, the inhibition of E. faecalis
biofilm formation by linezolid, tedizolid, or radezolid were
also investigated based on the previous study.’® Briefly, the
E. faecalis isolates were inoculated into 96-well polystyrene
microtiter plates with Luria-Bertani broth containing line-
zolid, tedizolid or radezolid (at 1/4MIC, 1/8MIC, 1/16MIC).
After 24 h of static incubation, the biofilm biomass was
determined by the crystal violet staining. Each assay was
performed in triplicate for at least three times.

Effect of Efflux Pump Inhibitor

The efflux pump activities in linezolid-resistant isolates were
detected by using the efflux pump inhibitor carbonyl
cyanide m-chlorophenylhydrazone (CCCP). The MICs for
linezolid, tedizolid, and radezolid were determined in the
presence or absence of the CCCP (10 pg/mL). Wherever
the MIC of the strain decreased >4-fold after supplementing
efflux pump inhibitor, the phenotype test regarded as positive.

RT-qPCR to Determine the Expressive
Levels of E. faecalis Efflux Pump-Related

Genes

The expression levels of E. faecalis (FC2234 FC2559
FC1728 FC1037 FC2398 FC2471) efflux pump-related
genes (OGIRF12220, OGIRF10126, and OGIRF10495)
were determined by RT-qPCR based on published
reports.”® Real-time qPCR was performed using the
7500 RTPCR System (Thermo Fisher
Marsiling, Singapore) equipped with the SYBRTM
Green RT-PCR Kit (TOYOBO, Osaka, Japan). The pri-
mers used for qRT-PCR are listed in Table S1. The
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strains were inoculated on a blood plate at 37°C for 16—
18 h. A single colony was selected and cultured in LB
medium with shaking at 180 rpm until reaching the
logarithmic phase at 37°C. The bacterial suspension
was then harvested for RNA extraction by using the
Trizol method. The PCR reaction was mixed well and
microcentrifuged. Then, 10 pL of the mixture was trans-
ferred into the qPCR reaction plate, followed by qRT-
PCR, as suggested by the manufacturer. The 16S rRNA
gene was simultaneously used as a reference gene for
data normalization, and the expression of each gene was
determined by the 2 **Ct method. All experiments were
performed in triplicate and repeated thrice independently.

Results

Antimicrobial Susceptibility Testing

Among the 2128 E. faecalis collected, 3.34% (71/2128) of
E. faecalis isolates were resistant to the linezolid. Table 1
and Figure 1 show the MICs of linezolid, tedizolid, and
radezolid against the linezolid-resistant isolates. Among
the 71 linezolid-resistant isolates, the MICs of tedizolid
and radezolid ranged from 1 to 4 pg/mL, and 0.5-1 pg/
mL, respectively. The MIC5,/MICy, of tedizolid and rade-
zolid exhibited 4- and 8-fold lower response than line-
zolid, respectively. This data suggests that in vitro
activity of radezolid against 71 linezolid-resistant isolates
was higher than tedizolid and linezolid.

Molecular Mechanisms of

Linezolid-Resistant Isolates

Among the 71 linezolid-resistant E. faecalis clinical iso-
lates, 57 isolates (80.28%) carried optrA only, 1 (1.41%)
carried cfr, 4 (5.63%) carried both optr4 and cfr, simulta-
neously, whereas the 6 (8.45%) isolates carried optr4 and
cfr(D), simultaneously. Interestingly, cfr(4), cfr(C), and
potxA genes were not detected in any of the isolates.
Besides, no mutation for linezolid resistance was detected
in the domain V of the 23S rRNA gene nor in the riboso-
mal proteins L3, L4, and L22. Detailed data of resistance
mechanisms are provided in Table 1, Table S2 and
Figure 1.

Transferability of Linezolid Resistance

The optr4 and cfr genes were successfully transferred
from 17.54% (10/57) optrA-positive isolates and 0% (0/
1) cfr-positive to E. faecalis JH2-2, respectively.
Furthermore, among four isolates carrying optr4 and cfr

Table I MIC Ranges and the Rates of Positive Efflux Pump, Mutation, and Resistance Genes for Linezolid, Tedizolid, and Radezolid Against 71 Linezolid-Resistance Enterococcus faecalis
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Figure | MIC ranges and the rates of positive efflux pump, mutation, and resis-
tance genes for linezolid, tedizolid, and radezolid against 71 linezolid-resistance
Enterococcus faecalis (A) MICs; (B) carbonyl cyanide 3-chlorophenylhydrazone
(CCCP) was used to detect the activity of efflux pumps; (C) the mutation of 23S
rRNA and ribosomal proteins L3, L4, and L22; (D) the resistance genes of oxazo-
lidinones; (E) the conjugation of resistance genes of oxazolidinones. Purple, Orange
and blue squares represent positive, gray squares represent negative.

genes, one isolate transferred the optrd gene. Similarly,
among six isolates carrying optrA and cfr(D) genes, one
isolate successfully transferred the opfrdA gene. The

transfer rate of the optrd, cfr, and cfr(D) were 17.91%
(12/67), 0% (0/5) and 0% (0/6), respectively (Figure 1).

Difference of Biofilm Formation Inhibition
and Biofilm Clearance Ability of Three

Antimicrobial Agents

The 8 linezolid-resistant FE. faecalis clinical isolates
(FC1996, FC2021, FC2234, FC2257, FC2279, FC2309,
FC2471, and FC2484) were randomly selected for compar-
ing the differential effects of linezolid, tedizolid and radezo-
lid on E. faecalis biofilms. First, we compared the eradicating
potential of linezolid, tedizolid, and radezolid (8 x MICs) on
established E. faecalis biofilms. In most strains (FC1996,
FC2234, FC2257, FC2279, FC2309, and FC2484), radezolid
had a better clearance effect on biofilms than with linezolid
and tedizolid, however, in 2 strains (FC2021 and FC2471) it
was not statistically different. In general, for the biofilm
clearance of linezolid-resistant strains of E. faecalis, radezo-
lid has the best clearance effect, followed by linezolid, in
most strains, tedizolid has a poor clearance effect on biofilm
(Figure 2A). We also compared the biofilm formation inhi-
biting the ability of three antibiotics of oxazolidinone class in
E. faecalis at the 1/4xMIC, 1/8xMIC, and 1/16xMIC. As
shown in Figure 2B-D, most of the three antibacterial agents
had a better inhibition effect on the formation of biofilm.
Still, the inhibition effect varied as tedizolid at 1/4xor 1/
8XMIC can efficiently inhibit the biofilm formation of
E. faecalis, besides in most isolates, it had greater effect
than linezolid and radezolid.id. This similar trend was also
observed in several of the eight clinical isolates at MICs of
1/16x.

The Potential Effect of the Efflux Pump

Mechanism

The correlation between efflux pump and three different
generations of oxazolidinones against linezolid-resistant
E. faecalis was tested. The results showed that after
being exposed to efflux inhibitor CCCP (10 pg/mL),
the MIC values of linezolid was in none of the strains
decreased by 4-fold or more and the MICs of tedizolid
decreased 4-fold only on 4 (5.63%) linezolid-resistant
E. faecalis. Moreover, the MICs of radezolid on all line-
zolid-resistant isolates decreased >4-fold in combination
with CCCP (10 pg/mL) (Tables 1, S3 and Figure 1).
Among the three antimicrobial agents, the MICs of rade-
zolid decreased most significantly, and the results
showed that the effluent pump had the most significant
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Figure 2 The effect of Linezolid, tedizolid, and radezolid to biofilms of Enterococcus faecalis. (A) The eradicated effect of Linezolid, tedizolid, and radezolid to established
biofilms of Enterococcus faecalis. The 8 E. faecalis clinical isolates were allowed to form mature biofilms for 24 h, following which the established biofilms were treated with
Linezolid, tedizolid, and radezolid (at 8 * their MICs for 48 h). The remaining biofilm biomass was determined by crystal violet staining. The inhibited effect of sub-minimum
inhibitory concentrations (MICs) (1/4xMIC (B), 1/8xMIC (C), I/16xMIC (D)) of linezolid, tedizolid and radezolid to Enterococcus faecalis biofilm formation. The 8 E. faecalis
clinical isolates were treated with linezolid, tedizolid and radezolid at 1/4xtheir MICs for 24 h, and then biofilm biomass was determined by crystal violet staining. Data
represent the average of three independent experiments (mean * SD). *P < 0.05, **P < 0.01, ***P < 0.001 (Student’s t-test).

effect on the MICs of radezolid (p < 0.05). Further, the
results of RT-qPCR showed that these antibiotics (line-
zolid, tedizolid and radzolide) does not influence the
expression of efflux pump gene (OGIRFI12220,
OGIRF10126, and OGIRF10495) (data not shown).

Discussion

With the extensive growing use of antimicrobial agents,
MDR Gram-positive strains have also grown over some of
last year’s.”® Linezolid has been extensively applied in
clinical settings as a last-resort antimicrobial for treating
the Gram-positive bacterial infections.”> However, with
the increasing clinical use of linezolid, the clinical practice
has observed appearance of linezolid-resistant strains.>* In
this study, among the 2128 E. faecalis strains isolated from
the First Affiliated Hospital of Wenzhou Medical
University in 2011-2019, 3.34% (71/2128) of E. faecalis

were resistant to linezolid. Although our study showed that
during a long period from 2011 to 2019, linezolid exhib-
ited promising antimicrobial activity against clinically iso-
lated E. faecalis, the resistance rate was low despite the
emergence of the resistant strains. However, the emer-
gence of resistant strains still was a great challenge, the
new generation of oxazolidinone antibiotics development
and application are urgent required. Our study further
tested the antimicrobial activity of new oxazolidinone
antibiotics tedizolid, and radezolid, against linezolid-
resistant clinical E. faecalis isolates. The results showed
that the MIC5o/MICyq of tedizolid and radezolid exhibited
4- and 8- fold lower than linezolid, respectively. Although
tedizolid and radezolid are the new generations of oxazo-
lidinone antibiotics, the antibacterial activity showed
a different effect compared with linezolid. The results
suggested that the in vitro activity of radezolid against
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71 linezolid-resistant isolates was higher than that of tedi-
zolid and linezolid. The differences between these three
antibiotics are also worth further investigation in other
aspects.

It is worth noting that the results of the gene carrying and
mutation of oxazolidinone antimicrobial-resistant genes
showed that 71 linezolid-resistant E. faecalis mainly had
transferable gene cff; cfr(D), or optrA, and most strains
carry optrA. This is consistent with previous reports. Thus,
OptrA protein may play a significant role in mediating low-
level linezolid resistance in E. faecalis.*® This gene codes for
an ATP-binding cassette (ABC) transporter that confers
resistance to oxazolidinones.*® Furthermore, cfi- and its var-
iant ¢fi(D) also decrease sensitivity to oxazolidinones.>’
Therefore, the presence of optr4 and cfr is a concern because
it may mediate multi-drug resistance. Of note, conjugation
experiments with E. faecalis JH2-2 as recipients identified
transferability of optrd gene between E. faecalis, which is
consistent with the previous reports. Furthermore, there have
been reports of easy transfer of optrA4-carrying plasmids at
high transfer frequencies of 10°~107° in vitro between
human- and pig-derived E. faecalis®® Although, in our
study, 17.91% (12/67) optrA confers transferable resistance
to oxazolidinones,” the presence of optrd may be in the
plasmid or the chromosome in clinical isolates, which
explain why the optrd in some strains cannot transfer.*’
Additionally, none of the linezolid-resistant isolates had
mutation in L3, L4, or L22 ribosomal proteins which is
associated with the prolonged courses of linezolid adminis-
tration and also an important mutation mechanism for grow-
ing linezolid resistance.*!

A biofilm is a structured community of microorgan-
isms adhering to a surface and exhibiting recalcitrance to
antimicrobial compounds and resisting human immune
defenses’ action.** The production of Enterococcus bio-
films is widespread in Enterococcus faecalis, and the
worldwide incidence rate is 26-100%.* Studies have
indicated that linezolid could affect the biofilms of
E. faecalis** Our research found that tedizolid had
a significantly more significant inhibited effect on the
biofilm formation of E. faecalis, which is higher than
that of linezolid and radezolid. We further investigated
whether this phenotypic was consistent with the eradica-
tion of established biofilms. Interestingly, we found that
radezolid (at 8 x their MIC) had the best scavenging effect
on the established biofilms. Overall, the results show that
the biofilm
a significant difference, we speculated that the structure

the studied drugs in inhibition have

and impact of different drugs made specific differences in
their biofilm activity. On the other hand, biofilm formation
was regulated by biofilm-regulated genes (gelE, ace,
esp).”> Different drugs may have different down-
regulation abilities on these genes. In short, comparing
different antimicrobial biofilm inhibition, exploring related
to clinical biofilm formation strain of clear, and the treat-
ment of skin tissue infections have a particular guiding
value. More experiments and studies are needed to inves-
tigate in the future.

Oxazolidinone antibacterial agents, such as linezolid,
show promising effects on Gram-positive bacteria, but
show poor activity on Gram-negative bacteria such as
E. coli, mainly due to the RND-type efflux pump AcrB
has the intense action.*® However, whether the efflux
pump plays a role in the mechanism of Gram-positive
bacteria resistant to linezolid, tedizolid or radezolid
remains uncertain. In this study, the results indicated that
among the three antimicrobial agents, the MICs of rade-
zolid decreased most obviously after adding the addition
of efflux pump inhibitor CCCP, followed by tedizolid. The
efflux pump may be involved in the resistance to tedizolid
and radezolid for E. faecalis isolates. However, we ana-
lyzed the effects of linezolid, tedizolid, and radzolide on
the expression of efflux pump gene (OGIRFI12220,
OGIRF10126, and OGIRF1049) referring to Zheng et al,*
our results showed it did not influence these efflux pumps.
The role of other efflux pump would also be studied in our
future studies. The application of transcriptome sequen-
cing will also be necessary to determine which efflux
pump gene is active and to elucidate the specific mechan-
ism in the future studies. In a word, the differences in the
effect of efflux pumps of tedizolid, radezolid, and linezolid
against linezolid-resistant isolates still need to be further
investigated in the future.

In conclusion, the majority of E. faecalis isolates in
our study were highly susceptible to linezolid. At the
same time, both tedizolid and radezolid, the new genera-
tion of antimicrobial agents, showed different antibacter-
ial activity to linezolid-resistant E. faecalis. The in vitro
activity of radezolid against 71 linezolid-resistant isolates
that of tedizolid and
Transferable genes cfr; cfr(D), and optr4A may be involved

was higher than linezolid.
in developing antimicrobial resistance to oxazolidinones
of E. faecalis in this study. We also showed that radezolid
was more effective in eradication biofilm, and tedizolid
showed more effectiveness in inhibiting biofilm forma-

tion. Additionally, the efflux pump inhibition test results
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showed that the effluent pump had the most significant
effect on the MICs of radezolid, but it is still essential to
explore the mechanism of further study in the future. In
a word, comparing the anti-microbic and anti-biofilm
activity of three different oxazolidinone antibiotics can
better understand them and guide clinical drug use may
provide guiding value for clinical medication and
treatment.
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