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INTRODUCTION 
Staphylococcus aureus is an opportunistic pathogenic 
bacterium. These bacteria are found in the body parts of 
healthy individuals, such as the nose, intestines, skin, skin 

glands and mucous membranes.1 S. aureus is resistant to many 
antibiotics, including various mechanisms. In the early 1940s, 
shortly after the clinical use of penicillin, penicillin-resistant 
isolates appeared that produced beta-lactamase. In 1959, the 
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ABSTRACT

Objectives: The aim of this study was to determine the development of in vitro resistance and changes in biofilm forming abilities in methicillin-
resistant Staphylococcus aureus (MRSA) isolates exposed to sub-minimal inhibitory concentrations (sub-MICs) of daptomycin and linezolid; and 
to investigate the presence of the methicillin resistance gene (mecA) and the biofilm-associated genes (icaA, icaD) by polymerase chain reaction.
Materials and Methods: This study was carried out with thirty-two MRSA isolates. The susceptibility of the isolates to daptomycin and linezolid was 
investigated by the broth microdilution method, and MIC values were determined (1st MIC). After serial passages, the 2nd MIC and the 3rd MIC values 
were similarly detected. Before and after serial passages, the biofilm-forming abilities of MRSA isolates were examined using the microtiter plate 
(MTP) method.
Results: When the daptomycin and linezolid 1st MIC and 3rd MIC values of the isolates were compared, there was a 2-8 fold increase in linezolid 
(p<0.05) and a 4-32 fold increase in daptomycin (p<0.05). According to the MTP method, 20 (62.5%) of the 32 isolates formed biofilm at various 
levels, while 12 (37.5%) did not form biofilm. After the second series of passages, biofilm formation was observed in 19 (59.4%) isolates with 
daptomycin (p>0.05) and in 16 (50%) isolates with linezolid (p>0.05). The mecA gene was found in all isolates. Also, icaA and icaD genes were 
detected in 31 (96.9%) of 32 MRSA isolates.
Conclusion: MRSA isolates exposed to sub-MICs of the antibiotics daptomycin and linezolid were observed to form biofilms at varying levels or to 
lose their ability to form biofilms. The induction, reduction or eradication of biofilm depended on the type of antibiotic and the MRSA isolate.
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problem was solved with beta-lactamase-resistant methicillin, 
but in 1961, methicillin-resistant Staphylococcus aureus (MRSA) 
isolates were identified.2

MRSA is resistant not only to beta-lactam group antibiotics 
but also to several other antibiotics, including macrolides and 
tetracyclines. MRSA isolates have become the leading cause 
of nosocomial infections worldwide due to limited treatment 
options.3 Vancomycin is used for serious MRSA infections. In 
treatment with vancomycin, the occurrence of less sensitive 
isolates, poor clinical results, and increased nephrotoxicity 
with high-dose therapy has been observed. In the early 2000s, 
daptomycin and linezolid began to be used in the treatment 
of MRSA infections. Linezolid is used orally or intravenously 
to treat skin and soft tissue infections and pneumonia. 
Daptomycin is recommended for the secondary treatment 
of bacteremia, the treatment of right valve endocarditis, and 
complicated skin infections.4-7 Minimal inhibitory concentration 
(MIC) was defined through sensitivity and antibiotic dosing 
studies on bacteria. The MIC is the lowest concentration of 
antibiotic that inhibits the visible growth of bacteria under in 
vitro conditions. During treatment, the antibiotic concentration 
between two consecutive doses should be higher than the MIC. 
After a certain period, the concentration applied in the various 
tissues becomes lower than the MIC value. These antibiotic 
concentrations below MIC are defined as sub-MIC. Bacteria 
can be exposed to sub-MIC levels of non-lethal antibiotics in 
humans, animals, and the environment. Although sub-MICs 
do not kill bacteria, they can affect various virulence factors 
such as morphology, surface properties, pathogenicity, biofilm 
formation, and toxin production.8 Sub-MICs can affect the 
emergence of resistant isolates, mutation, recombination, and 
horizontal gene transfer. In addition, as a signal molecule, it can 
affect bacterial virulence, altering biofilm formation, quorum 
sensing, and gene expression.9-11 This study aimed to investigate 
the effects of sub-MICs of daptomycin and linezolid on biofilm 
formation of MRSA isolates and the presence of methicillin 
resistance gene (mecA) and biofilm-associated genes (icaA and 
icaD) of MRSA isolates by polymerase chain reaction.

MATERIALS AND METHODS
This study was conducted with 32 MRSA (abscess, 
bronchoalveolar lavage, catheter tip, joint fluid, prosthetic-tissue, 
tracheal aspirate, tissue, wound) isolates. MRSA isolates were 
obtained from Ankara University Faculty of Medicine Hospitals 
(Ankara University İbni Sina Hospital and Ankara University 
Cebeci Central Laboratory). Ethics Committee approval was 
obtained from Ankara University Faculty of Medicine Clinical 
Research Ethics Committee (approval number: 08-499-18, 
dated: 07.05.2018).

Gram staining, catalase, tube coagulase, DNase, and mannitol 
fermentation tests were performed on MRSA isolates. Then, 
following the cefoxitin disk diffusion test, the mecA gene 
was investigated by polymerase chain reaction (PCR), and 
all MRSA isolates were confirmed.12-16 The susceptibilities of 
MRSA isolates to daptomycin (DEVA Holding, Türkiye) and 

linezolid (Haver Farma, Türkiye) were determined by the broth 
microdilution method.16 Antibiotic susceptibility experiments 
were performed in 96-well U-bottom microtiter plates 
(Eppendorf, Germany) using cation-adjusted Mueller-Hinton 
broth (CAMHB) medium (Becton Dickenson BBL, Sparks, MD, 
USA). For the daptomycin MIC test, the calcium concentration 
in CAMHB medium was adjusted to 50 mg/L.

Linezolid was dissolved in 10% dimethyl sulfoxide (DMSO, 
Sigma-Aldrich) at a final concentration of 640 μg/mL, and 
daptomycin was dissolved in sterile distilled water at a final 
concentration of 160 μg/mL. Two-fold serial dilutions of 
linezolid (32-0.0625 µg/mL) and daptomycin (8-0.0156 µg/mL) 
were prepared in CAMHB medium. A 0.5 McFarland culture 
was prepared in CAMHB and added to the wells. The final 
bacterial concentration in each well was 5x105 colony-forming 
units (CFU)/mL. The wells with bacterial suspension without 
antibiotics were used as positive controls, and the wells 
with only CAMHB medium were used as negative controls. 
Microtiter plates were incubated at 35 °C for 24 hours. After 
incubation, MIC values were determined considering the 
susceptibility breakpoints approved by the European Committee 
on Antimicrobial Susceptibility Testing for S. aureus (S≤1 µg/
mL for daptomycin, S≤4 µg/mL for linezolid).17 Each experiment 
was repeated three times. S. aureus ATCC 29213 was used as a 
quality control strain.

Sub-MIC exposure and serial passage
Serial passage experiments were performed for each strain 
with ½ MIC values (sub-MICs)​, which were​​ determined against 
daptomycin and linezolid. Each MRSA strain was passaged 
through its respective sub-MICs on the first day and incubated 
at 35 °C for 24 hours. On the second day, each strain was 
transferred to CAMHB (Becton Dickenson BBL, Sparks, MD, 
USA) medium and incubated at 35 °C for 24 hours. After sixteen 
consecutive days, the first series of passages was completed. 
After the first series of passages, MICs and sub-MICs values 
were determined again. Similarly, second serial passages were 
performed to determine the third MIC values.16-18 S. aureus ATCC 
29213 used as quality control strain.

Microtiter plate biofilm assay 
Biofilm-forming abilities of MRSA isolates were determined by 
the microtiter plate method (MTP).19 Biofilm formation levels of 
all isolates before and after serial passages were examined. 
Bacteria suspension was prepared in 1% glucose supplemented 
Tryptic Soy Broth (TSB, Merck, Germany) medium and 
0.5 McFarland (1x108 CFU/mL) turbidity was adjusted. The 
bacterial suspension was diluted to 1/20 and 20 μL was 
added to the wells in the flat-bottom microtiter plate with 96 
wells (BD Falcon 96 Flat Bottom Transparent, Corning, USA) 
180 μL of TSB (Merck, Germany) medium supplemented with 
1% glucose was added to the reach a concentration of 5x105 
CFU/mL. Microtiter plates were incubated (35 °C, 24 hours). 
After incubation, it was discharged, washed three times with 
sterile phosphate buffer solution (Sigma-Aldrich S.R.L., Milan, 
Italy) using a micropipette, inverted, and left to dry. After the 
microtiter plates dried, 150 µL of methanol (Merck, Darmstadt, 
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Germany) was added for fixation, left for 20 minutes, the 
methanol was removed, and the microtiter plates were left to 
dry. After the drying process, 0.1% safranin (Sigma-Aldrich, St. 
Louis, MO) dye was added and left for 15 minutes; the microtiter 
plates were washed and turned over and left to dry. Three wells 
were used for each bacterium. TSB (Merck, Germany) medium 
supplemented with 1% glucose was used as a negative control. 
S. aureus ATCC 6538, S. epidermidis ATCC 35984 were used 
as positive controls. The optical density cut-off value was 
determined and the results interpreted.19

DNA isolation of MRSA isolates
DNA isolation from MRSA samples was performed with a 
DNA isolation kit (Thermo Scientific GeneJET, Van Allen 
Way, Carlsbad, California) according to the manufacturer’s 
recommendations.

mecA, icaA, icaD genes amplifications
Amplifications of the methicillin resistance gene (mecA) and 
biofilm-associated genes (icaA and icaD) were determined 
by conventional PCR.20,21 The PCR reaction (50 µL): 35.35 μL 
(ddH2O), 2 μL (10 μM each of the primers), 0.4 µL (25 mM dNTPs, 
GeneDireX Inc. USA), 0.25 µL (5U/µL Taq DNA polymerase, 
GeneDireX Inc. USA), 5 µL (10X PCR buffer), 5 μL (template 
DNA). PCR amplification conditions for the mecA gene: initial 
denaturation, 94 °C/5 min; denaturation, 94 °C/30 s; annealing, 
55 °C/30 s; extension, 72 °C/1 min; 40 cycles; final extension, 
72 °C/5 min. PCR amplification conditions for the icaA and 
icaD genes: (initial denaturation: 92 °C/5 min), (denaturation: 
92 °C/1 min), (annealing: 49 °C/50 s), (extension: 72 °C/1 min), 
(30 cycles), (final extension: 72 °C/7 min). Positive controls (S. 
aureus ATCC 6538 and S. aureus ATCC 43300), negative control 
(sterile distilled water).

Statistical analysis
The data were analyzed using SPSS version 24 software 
(SPSS Inc., IBM, Chicago, IL, USA). Wilcoxon Signed-rank test 
was used for changes in MIC values and biofilm formation of 
isolates; Mann-Whitney U test was used for comparison of MIC 
values; McNemar’s test was used for comparison of biofilm 
formation experiments. P value  of ˂0.05 was considered 
statistically significant.

RESULTS
The mecA gene was detected by conventional PCR, and a 533 bp 
amplicon was obtained. The mecA gene was detected in all 32 
MRSA. This result was confirmed genotypically for methicillin 
resistance of all isolates (Figure 1). According to the initial 
MIC values, all MRSA isolates were found to be susceptible 
to daptomycin and linezolid. After serial passages with the 
antibiotics daptomycin and linezolid, there was an increase in 
the second and third MIC values in all MRSA strains. When we 
evaluated the first MIC and third MIC results of daptomycin, we 
observed that there was a 4-32-fold increase in MIC values. A 
significant difference was found between the first and third MIC 
values ​​of daptomycin (z=-4.945; p<0.05). When linezolid’s initial 
MIC and third MIC values were compared, there was a 2- to 

8-fold increase. There was a statistically significant difference 
between the first MIC and third MIC values of linezolid (z=-5.018; 
p<0.05). In the third MIC value, it was observed that 10 (31.25%) 
of the samples (Samples IDs: 4, 17, 18, 19, 20, 22, 25, 26, 28, 
32) were resistant to daptomycin, whereas all were susceptible 
to linezolid (Tables 1 and 2). According to the MTP method, 20 
(62.5%) of 32 MRSA produced various levels of biofilm (Table 
3). Twelve (37.5%) did not produce biofilm. Amplification of 
the icaA and icaD genes associated with biofilm formation was 
performed by conventional PCR.

Amplicons of 1315 bp for the icaA gene and 381 bp for the icaD 
gene were obtained.22 (96.9%) of 32 MRSA were positive for 
both icaA and icaD genes, and 1 (3.1%) strain was negative for 
both icaA and icaD genes (Figures 2 and 3). After the second 
series of passages performed with daptomycin, it was found that 
19 (59.4%) of the 32 MRSA were biofilm producers, 13 (40.6%) 
were not biofilm producers (Table 3). There was no statistically 
significant difference between the biofilm formation levels of 
MRSA before serial passages and the biofilm formation levels 
after the second serial passages performed with daptomycin 
(z=-0.171; p>0.05).

After the second series of passages with linezolid, it was 
observed that 16 (50%) of 32 MRSA were biofilm producers, 
16 (50%) were non-biofilm producers (Table 3). There was no 
statistically significant difference between the biofilm formation 
levels of MRSA isolates before serial passages and those levels 
after the second serial passages performed with linezolid 
(z=-0.531, p>0.05). When we compared the effect of linezolid 
and daptomycin on the biofilm formation levels of the isolates 
after the second series of passages, there was no statistically 
significant difference between the two antibiotics (p>0.05).

DISCUSSION
During treatment, the concentration of the antibiotic varies 
in different body parts. Due to contamination from human 
activities, sub-MICs of antibiotics are found in sewage, soil, and 
many aquatic environments.23 Bacteria in these environments 

Figure 1. Agarose gel electrophoresis (mecA gene, 533 bp) in MRSA 
isolates. 1-32; [positive samples (533 bp)]. M: 100 bp DNA ladder (Thermo 
Fisher Scientific, St. LeonRot, Germany) P: (Staphylococcus aureus ATCC 
43300) positive control, N: Negatif control (sterile distilled water)
MRSA: Methicillin-resistant Staphylococcus aureus
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may be exposed to sub-MICs of antibiotics. sub-MICs can have 
various effects on bacteria (selection of resistant isolates, 
genotypic and phenotypic variability, and bacterial signaling).9 
“By Müller et al.24 S. aureus HG001, S. aureus SG511 strains 
were exposed to the sub-MICs of daptomycin by serial passage 
for 4 months, they found that MIC values ​​increased 100-fold 

in S. aureus HG001 and 800-fold in S. aureus SG511.” As a 
result of genetic, proteomic, and transcriptomic analyses, 
they determined that the cell wall structure thickens and the 
autolysis rate decreases in both isolates. Similarly, in another 
study involving daptomycin, a 16-fold increase in MIC values 
and a significant increase in carotenoid pigment synthesis 

Table 1. Linezolid MIC values ​​of MRSA isolates

MRSA
sample no.

LNZ 1st MIC (ug/mL)
Susceptible (S)
Resistant (R)

LNZ 2nd MIC (ug/mL)
Susceptible (S)
Resistant (R)

LNZ 3rd MIC (ug/mL)
Susceptible (S)
Resistant (R)

Total 
increase in 
fold LNZ

p value

1 0.5 S 1 S 1 S 2 p<0.05

2 0.25 S 0.5 S 2 S 8 p<0.05

3 0.5 S 1 S 2 S 4 p<0.05

4 0.5 S 1 S 2 S 4 p<0.05

5 0.5 S 1 S 2 S 4 p<0.05

6 1 S 2 S 2 S 2 p<0.05

7 1 S 2 S 2 S 2 p<0.05

8 0.25 S 1 S 2 S 8 p<0.05

9 0.5 S 1 S 2 S 4 p<0.05

10 0.25 S 0.5 S 2 S 8 p<0.05

11 0.25 S 1 S 2 S 8 p<0.05

12 0.25 S 1 S 2 S 8 p<0.05

13 0.25 S 1 S 2 S 8 p<0.05

14 0.25 S 1 S 2 S 8 p<0.05

15 1 S 2 S 2 S 2 p<0.05

16 0.5 S 2 S 2 S 4 p<0.05

17 1 S 2 S 2 S 2 p<0.05

18 0.5 S 1 S 2 S 4 p<0.05

19 0,25 S 1 S 2 S 8 p<0.05

20 0.5 S 1 S 2 S 4 p<0.05

21 0.25 S 1 S 2 S 8 p<0.05

22 0.5 S 1 S 2 S 4 p<0.05

23 0.5 S 1 S 1 S 2 p<0.05

24 0.5 S 1 S 2 S 4 p<0.05

25 0.25 S 1 S 2 S 8 p<0.05

26 0.5 S 1 S 2 S 4 p<0.05

27 0.5 S 1 S 2 S 4 p<0.05

28 0.5 S 1 S 2 S 4 p<0.05

29 0.5 S 1 S 2 S 4 p<0.05

30 0.5 S 1 S 2 S 4 p<0.05

31 0.5 S 1 S 1 S 2 p<0.05

32 0.5 S 1 S 2 S 4 p<0.05

S. aureus ATCC 29213 1 S 2 S 2 S 2 p<0.05

LNZ: Linezolid, MRSA: Methicillin-resistant S. aureus, S. aureus: Staphylococcus aureus No.: Number, MIC: Minimal inhibitory concentration
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were determined in MRSA strains.25 “In Lahiri and Alm26 in their 
experiments with S. aureus ATCC 29213 strain, found a 16-fold 
increase in the MIC value of ceftaroline, while the MIC values ​​of 
non-β-lactam antibiotics (vancomycin, levofloxacin, linezolid) 
remained in a 2-fold dilution.” They stated that this situation 
is not a general resistance mechanism, but may be associated 

with a mechanism specific to β-lactam. In our study, after serial 
passages with daptomycin and linezolid antibiotics, an increase 
in the 2nd and 3rd MIC values was observed in all MRSA isolates. 
Staphylococcal biofilms can appear on medical devices such 
as catheters, prosthetic joints, and implants.27 Staphylococcal 
biofilm expression can be influenced by different physical 

Table 2. Daptomycin MIC values of MRSA

MRSA
sample no.

DAP 1st MIC (ug/mL)
Susceptible (S)
Resistant (R)

DAP 2nd MIC (ug/mL)
Susceptible (S)
Resistant (R)

DAP 3rd MIC (ug/mL)
Susceptible (S)
Resistant (R)

Total increase
in fold DAP p value

1 0.0625 S 0.125 S 1 S 16 p<0.05

2 0.0625 S 0.25 S 1 S 16 p<0.05

3 0.125 S 0.125 S 1 S 8 p<0.05

4 0.125 S 0.25 S 2 R 16 p<0.05

5 0.0625 S 0.125 S 0.5 S 8 p<0.05

6 0.125 S 0.125 S 1 S 8 p<0.05

7 0.125 S 0.125 S 0.5 S 4 p<0.05

8 0.0625 S 0.25 S 1 S 16 p<0.05

9 0.03125 S 0.125 S 0.25 S 8 p<0.05

10 0.0625 S 0.125 S 0.5 S 8 p<0.05

11 0.0625 S 0.125 S 0.25 S 4 p<0.05

12 0.0625 S 0.25 S 0.5 S 8 p<0.05

13 0.0625 S 0.125 S 0.25 S 4 p<0.05

14 0.0625 S 0.5 S 0.5 S 8 p<0.05

15 0.0625 S 0.125 S 0.25 S 4 p<0.05

16 0.0625 S 0.25 S 0.25 S 4 p<0.05

17 0.25 S 0.5 S 2 R 8 p<0.05

18 0.0625 S 0.5 S 2 R 32 p<0.05

19 0.0625 S 0.5 S 2 R 32 p<0.05

20 0.25 S 0.5 S 2 R 8 p<0.05

21 0.125 S 0.125 S 0.5 S 4 p<0.05

22 0.0625 S 0.25 S 2 R 32 p<0.05

23 0.125 S 0.25 S 0.5 S 4 p<0.05

24 0.25 S 0.5 S 1 S 4 p<0.05

25 0.25 S 0.5 S 2 R 8 p<0.05

26 0.125 S 0.5 S 2 R 16 p<0.05

27 0.125 S 0.5 S 1 S 8 p<0.05

28 0.0625 S 0.25 S 2 R 32 p<0.05

29 0.0625 S 0.25 S 0.5 S 8 p<0.05

30 0.125 S 0.25 S 1 S 8 p<0.05

31 0.125 S 0.5 S 1 S 8 p<0.05

32 0.0625 S 0.5 S 2 R 32 p<0.05

S. aureus ATCC 29213 0.25 S 0.5 S 0.5 S 2 p<0.05

DAP: Daptomycin, MRSA: Methicillin-resistant S. aureus, S. aureus: Staphylococcus aureus No.: Number, MIC: Minimal inhibitory concentration
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and chemical factors and is induced in response to sub-
MICs of certain antibiotics and external stress.28-30 Numerous 
studies are showing that sub-MICs of some antibiotics affect 

bacterial biofilms in vitro. This is clinically important because 
bacteria may be exposed to sub-MICs at the beginning of the 
dosing regimen or between doses.31 Adhesion factors and 

Table 3. Biofilm formation levels of MRSA isolates  
MRSA
sample no.

Before
serial passages

Daptomycin
(after 2nd serial passages)

Linezolid 
(after 2nd serial passages)

1 I I I

2 III II 0

3 I III II

4 II III II

5 0 III 0

6 III II III

7 III III 0

8 I III I

9 0 0 0

10 I I III

11 0 I II

12 0 0 0

13 0 0 0

14 I 0 0

15 I III I

16 I II III

17 II III II

18 0 0 0

19 0 0 0

20 III 0 0

21 0 I 0

22 0 0 0

23 I I II

24 III I III

25 0 0 0

26 II 0 0

27 II 0 II

28 0 III III

29 I III II

30 III I 0

31 III 0 III

32 0 0 0

Total biofilm* 20 19 16

S. aureus ATCC 29213 0 0 0

S. aureus ATCC 43300 III III III

0: No biofilm production, I: Weak biofilm production, II: Moderate biofilm production, III: Strong biofilm production, MRSA: Methicillin-resistant Staphylococcus aureus, 
*(p<0.05)
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polysaccharide intracellular adhesion (PIA) molecules are 
required for staphylococci to form biofilms. The icaADBC 
operon is located in the intercellular adhesion (ica) locus. The 
icaADBC operon contains four genes (icaA, icaD, icaB, icaC) 
encoding the proteins required for PIA production.32,33 Cramton 
et al.34 reported that Staphylococcus strains had icaA and icaD 
genes, but they could not form biofilms in vitro, which may be 
due to a point mutation in the locus. Arciola et al.22 stated that 
the expression of icaA and icaD genes can be affected by various 
environmental factors such as medium content and anaerobic 
environment. Biofilm formation of S. aureus is explained by 
mechanisms independent of ica genes.35 The ArlRS gene system 
in S. aureus is effective in autolysis, biofilm formation, capsule 
synthesis, and virulence.35,36 Toledo-Arana et al.37 reported that 
mutations in the ArlRS system increased biofilm formation and 
that the biofilm formation of the ArlRS mutant strain was not 

affected by the deletion of the icaADBC locus.34 Similarly, in 
our study, icaA and icaD genes were negative in 1 (3.1%) out of 
32 MRSA isolates. This strain formed biofilm by the MTP. It was 
found to be compatible with these studies.

Some studies show that sub-MICs of antibiotics such as 
vancomycin, cephalexin, oxacillin, and cephalothin, which are 
effective on the cell wall, can induce biofilm formation of S. 
aureus.38-40 In a similar study, Sritharadol et al.41 observed that low 
mupirocin concentrations induced biofilm formation, especially 
in the MRSA USA 300 clone. In another study, Lázaro-Díez 
et al.42 reported that sub-MICs of ceftaroline induce bacterial 
attachment and biofilm formation in some MRSA strains, and 
it is important to use effective bactericidal concentrations of 
ceftaroline in the treatment of biofilm MRSA-related infections.
Kaplan et al.43 stated that sub-MIC concentrations of methicillin, 
ampicillin, amoxicillin, and cloxacillin-induced biofilm formation 
were observed in. 

At least one of the USA300, USA400, and USA500 MRSA 
strains. The induction depended on the antibiotic type and the 
strain, and methicillin-induced biofilm formation was observed 
in all three isolates. As a result of the second series of passage 
experiments in our study, it was determined that the induction, 
reduction, or destruction of biofilm formation varies according 
to the antibiotic and isolate, which aligns with our findings.

CONCLUSION
In this study, it was observed that the MIC values of daptomycin 
and linezolid in MRSA isolates increased after serial passages. 
After the second series of passages, it was determined that 
changes in the biofilm formation levels of the isolates varied by 
isolate and antibiotic type. Biofilm is a factor that complicates 
the treatment process and requires additional costs. Sub-
MICs can affect biofilm formation in bacteria. In the treatment 
process, it is important to select the appropriate antibiotic, 
adjust the antibiotic dose range, and prevent random contact 
of antibiotics with the environment. In this way, the exposure 
of bacteria to sub-MICs can be reduced, preventing antibiotic 
resistance and biofilm formation.
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Figure 2. Agarose gel electrophoresis (icaA gene, 1315 bp) in MRSA 
isolates. M: 100 bp DNA ladder (Thermo Fisher Scientific, St. LeonRot, 
Germany). P: Positive control (Staphylococcus aureus ATCC, 43300), icaA 
positive samples (1-25, 27-32), icaA negative sample (26), N: Negative 
control (steril distilled water)
MRSA: Methicillin-resistant Staphylococcus aureus

Figure 3. Agarose gel electrophoresis (icaD gene, 381 bp) in MRSA isolates. 
P1: Positive control (Staphylococcus aureus ATCC, 43300), P2: Positive 
control (Staphylococcus aureus ATCC 6538), icaD positive samples (1-25, 27-
32), icaD negatif sample (26), N: Negative control (steril distilled water), 
M: 100 bp DNA ladder (Thermo Fisher Scientific, St. LeonRot, Germany), 
MRSA: Methicillin-resistant Staphylococcus aureus
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