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Abstract: The pathogen�c�ty factors of Staphylococcus aureus �nclude b�of�lm product�on. In th�s study, the b�of�lm 
product�on ab�l�t�es of meth�c�ll�n-res�stant S. aureus (MRSA) stra�ns were �nvest�gated us�ng genotyp�c and phenotyp�c 
methods. Add�t�onally, the effect of glycopept�des on b�of�lm was exam�ned. Th�s study �ncluded 130 MRSA �solates. 
B�of�lm was detected by the m�crot�ter plate method. The m�n�mum �nh�b�tory concentrat�on (MIC) of glycopept�des was 
evaluated through the broth m�crod�lut�on method. The b�of�lm �nh�b�tor concentrat�on (BIC) values were �nvest�gated �n 
�solates w�th strong b�of�lm product�on. The mecA (meth�c�ll�n res�stance gene), �caA, and �caD (b�of�lm-assoc�ated genes) 
were ampl�f�ed by polymerase cha�n react�on techn�ques. E�ghty-one �solates (62.31%) formed b�of�lms, wh�le th�rty 
�solates (23.08%) exh�b�ted strong b�of�lm format�on. Th�rty �solates had h�gher BIC90 values than MIC90 values. The mecA 
gene was conf�rmed �n 125 (96.15%) �solates, the �caA gene �n 96 (73.85%) �solates, and the �caD gene �n 100 (76.92%) 
�solates. There was stat�st�cal s�gn�f�cance between �ca genes and the b�of�lm produced (p<0.05). In conclus�on, �ncreased 
b�of�lm format�on due to the effect of �ca genes �ncreases the concentrat�on values at wh�ch ant�b�ot�cs act. 
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INTRODUCTION  
 

Staphylococcus aureus colon�zes the mucous membranes 
and sk�n of healthy �nd�v�duals. It can cause a w�de range 
of cl�n�cal man�festat�ons, from m�ld to severe system�c 
�nfect�ons. Tox�ns, enzymes, adherence factors, and 
b�of�lm format�on are respons�ble for �ts pathogen�c�ty (J�n 
et al., 2021). B�of�lms cons�st of groups of m�croorgan�sms 
that attach to e�ther l�v�ng t�ssues or �nan�mate surfaces. 
Th�s adherence s�gn�f�cantly contr�butes to the organ�sm's 
res�l�ence aga�nst treatments. It �ncreases res�stance 
to ant�m�crob�al treatments and causes permanent 
�nfect�ons that are challeng�ng to manage. Th�s he�ghtened 
res�stance �s espec�ally s�gn�f�cant, as bacter�a w�th�n 
b�of�lms are recogn�zed to be 100 to 100,000 t�mes less 
suscept�ble to ant�m�crob�als (Roy et al., 2018; Erdoğmuş 
and Konak, 2020). When b�of�lm format�on �s comb�ned 
w�th ant�b�ot�c res�stance, treat�ng �nfect�ons becomes 
�ncreas�ngly d�ff�cult and often results �n chron�c d�sease 
(Sharma et al., 2023). B�of�lm format�on contr�butes to 
ant�m�crob�al res�stance through var�ous mechan�sms. 
These mechan�sms �nclude the low growth rate of bacter�a 
embedded �n b�of�lms, the adverse effects of 
m�croenv�ronmental factors on ant�m�crob�al eff�cacy, and 
the challenges assoc�ated w�th ant�m�crob�al d�ffus�on �n 
the presence of b�of�lms (Rod�s et al., 2020). The �caADBC 

operon �s respons�ble for b�of�lm format�on �n 
staphylococc�. The �caADBC operon catalyzes the 
synthes�s of poly-N-acetyl-beta-1-6-glucosam�ne (PNAG) 

ol�gomers and encodes the polysacchar�de �ntercellular 
adhes�n (PIA) prote�n. Part�cularly, the �caA and �caD 
genes have a s�gn�f�cant �mpact on b�of�lm format�on �n S. 

aureus. Wh�le �caA shows l�m�ted transferase act�v�ty on �ts 
own, �ts act�v�ty �s �ncreased by �caD (Av�la-Novoa et al., 
2021; El-Sawaf et al., 2022). When b�of�lm-related 
�nfect�ons are comb�ned w�th meth�c�ll�n res�stance, �t �s 
challeng�ng to establ�sh an appropr�ate treatment protocol. 
Th�s study may contr�bute new data to the ex�st�ng 
l�terature on b�of�lm and ant�m�crob�al res�stance, a�d�ng �n 
the development of treatment strateg�es. In our study, we 
exam�ne b�of�lm development by meth�c�ll�n-res�stant S. 

aureus (MRSA) stra�ns us�ng the m�crot�ter plate method, 
v�sual�ze b�of�lm product�on w�th scann�ng electron 
m�croscopy (SEM), and assess the m�n�mum �nh�b�tory 
concentrat�on (MIC) and b�of�lm �nh�b�tory concentrat�on 
(BIC) values of glycopept�de ant�b�ot�cs �n these �solates. 
Add�t�onally, the presence of mecA, �caA, and �caD genes 
�s �nvest�gated us�ng polymerase cha�n react�on (PCR). 
 

MATERIALS AND METHODS  
 

Ident�f�cat�on of bacter�a and determ�nat�on of 

ant�m�crob�al suscept�b�l�ty  

Th�s study �ncluded 130 MRSA �solates subm�tted to the 
laboratory from Apr�l 2020 to December 2022. Bacter�al 
�dent�f�cat�on and ant�b�ot�c suscept�b�l�ty test�ng were 
performed us�ng the V�tek MS system (B�oMér�eux, 
France) and the V�tek 2 Compact system (B�oMér�eux, 
France). The cefox�t�n (30μg) d�sk d�ffus�on method was 

*Correspond�ng author: e-ma�l: 3210580736@qq.com 



Invest�gat�on of b�of�lm format�on �n meth�c�ll�n res�stant Staphylococcus aureus �solates by genotyp�c and phenotyp�c methods 

Pak. J. Pharm. Sc�., Vol.38, No.4, July-August 2025, pp.1133-1140 1134

employed to assess meth�c�ll�n res�stance. The results were 
�nterpreted accord�ng to the recommendat�ons of the 
European Comm�ttee on Ant�m�crob�al Suscept�b�l�ty 
Test�ng (EUCAST) (EUCAST, 2023). 
 

Determ�nat�on of b�of�lm act�v�ty  
B�of�lm-form�ng ab�l�ty was detected by the m�crot�ter 
plate method as prev�ously descr�bed by Chr�stensen et al 
(Christensen et al., 1985). B�of�lm format�on was evaluated 
based on opt�cal dens�ty (OD) values (Chusri et al., 2012). 
OD values were quant�tat�vely measured at a wavelength 
of 492 nm us�ng an ELISA reader (ELISA Reader, 
Chromate Awareness Technology, USA) and �nterpreted 
accord�ng to the “b�of�lm format�on act�v�ty evaluat�on 
scale” proposed by Chusr� et al (Chusri et al., 2012). The 
negat�ve control was S. aureus ATCC 29213. S. aureus 
ATCC 25923 (a strong b�of�lm former) was the pos�t�ve 
control. Exper�ments were performed �n tr�pl�cate. 
 

Imag�ng of b�of�lm product�on us�ng Scann�ng Electron 

M�croscope (SEM)  

Two randomly selected �solates, one b�of�lm-form�ng and 
the other non-b�of�lm-form�ng, were �maged us�ng a SEM. 
Sl�de p�eces were added to a 12-well plate. Follow�ng the 
format�on of b�of�lms on sl�de p�eces, the sl�de p�eces 
w�th�n the plate were subjected to a wash�ng process and 
subsequently transferred to a new plate. The wells were 
f�lled w�th 4% glutaraldehyde and left for 60 m�nutes. 
Follow�ng th�s, each concentrat�on of ethyl alcohol (70%, 
80%, 90%, 96% and pure) was appl�ed separately and left 
for 10 m�nutes. Then, the wells were asp�rated, and the 
sl�de p�eces were left to dry. The dr�ed sl�de p�eces were 
coated w�th gold/pallad�um (Au/Pd). After th�s process, 
they were seen through a scann�ng electron m�croscope. 
(JEOL, USA) at magn�f�cat�ons of 1000x, 3000x, 5000x 
and 10000x (Ünsal et al., 2017). 
 

Determ�nat�on of vancomyc�n and te�coplan�n MIC 

values  

The MIC values of vancomyc�n (Cayman Chem�cal 
Company, USA) and te�coplan�n (S�gma-Aldr�ch, USA) 
for all �solates were establ�shed us�ng the broth 
m�crod�lut�on method (CLSI, 2020), w�th a MIC range of 
0.03125-16 µg/mL. The results were �nterpreted accord�ng 
to the recommendat�ons of the EUCAST (EUCAST, 2023). 
MIC values h�gher than 2 µg/mL were cons�dered 
"res�stant", wh�le those equal to or less than 2 µg/mL were 
deemed "suscept�ble". 
 

Determ�nat�on of the ant�b�of�lm effect of vancomyc�n 

and te�coplan�n  

The effect of glycopept�des on the b�of�lm developed at th�s 
stage was evaluated. Isolates that produced strong b�of�lms 
were ut�l�zed �n the study. The �solates were �ncubated �n 
Trypt�case Soy Broth (TSB) w�th 0.25% glucose for 24 
hours at 37°C. Subsequently, the suspens�ons were d�luted 
at a rat�o of 1:20, and 200 μL was transferred �nto 96-well 
m�croplates. Ster�le glass beads (Isolab, Turkey), 5-6 mm 

�n d�ameter, were placed �nto the wells. The plates were 
�ncubated at 37°C for 24 hours to allow b�of�lm format�on 
on the beads. Ser�al d�lut�ons (4-4096 μg/mL) of 
vancomyc�n and te�coplan�n were made �n cat�on-adjusted 
Mueller-H�nton Broth (CAMHB) �n another m�croplate. 
Glass beads were added to the wells of the m�croplate 
conta�n�ng ant�b�ot�c d�lut�on. It was allowed to �ncubate at 
37°C for 24 hours. Follow�ng �ncubat�on, the beads were 
transferred to capped tubes conta�n�ng 200 μL of CAMHB 
and vortexed for 5 m�nutes. Subsequently, 100 μL of the 
supernatant was transferred to the plates conta�n�ng 100 μL 
of CAMHB �n the�r wells. It was allowed to �ncubate for 
one day at 37°C. The lowest concentrat�on value at wh�ch 
no growth occurred was recorded as b�of�lm �nh�b�tory 
concentrat�on (BIC). Exper�ments were performed �n 
tr�pl�cate (Milletli Sezgin et al., 2019). 
 

Molecular detect�on of the meth�c�ll�n res�stance gene 

and b�of�lm-assoc�ated genes  

DNA �solat�on was performed us�ng the bo�l�ng method 
(Tshabalala et al., 2021), and the mecA, �caA, and �caD 
genes were �nvest�gated us�ng an �n-house PCR method 
w�th an automated thermal cycler. The pr�mers used were 
determ�ned after the l�terature rev�ew (Vasudevan et al., 

2003; McClure et al., 2006). The method used by McClure 
et al. (McClure et al., 2006) for the �nvest�gat�on of the 
mecA gene reg�on was appl�ed, and the pos�t�ve control was 
the S. aureus ATCC 43300 stra�n. Ampl�f�cat�on of the 
mecA gene �ncludes denaturat�on at 94°C for 10 m�nutes, 
followed by 30 cycles cons�st�ng of denaturat�on at 94°C 
for 45 seconds, anneal�ng of pr�mers at 55°C for 45 
seconds, and elongat�on at 72°C for 75 seconds, followed 
by 10 m�nutes of f�nal extens�on at 72°C. For the �caA and 

�caD gene reg�ons, the method descr�bed by Vasudevan et 

al. (Vasudevan et al., 2003) was appl�ed, us�ng S. 

ep�derm�d�s ATCC 35984 as the pos�t�ve control. 
Ampl�f�cat�on of the �caA gene �ncludes denaturat�on at 
95°C for 3 m�nutes, 40 cycles cons�st�ng of denaturat�on at 
95°C for 30 seconds, anneal�ng of pr�mers at 50°C for 30 
seconds, and elongat�on at 72°C for 90 seconds, followed 
by 15 m�nutes of f�nal extens�on at 72°C. Ampl�f�cat�on of 
the �caD gene �ncludes denaturat�on at 92°C for 3 m�nutes, 
30 cycles cons�st�ng of denaturat�on at 92°C for 45 
seconds, anneal�ng of pr�mers at 49°C for 45 seconds, and 
elongat�on at 72°C for 60 seconds, followed by 7 m�nutes 
of f�nal extens�on at 72°C. Electrophores�s of PCR 
products was performed us�ng a 2% agarose gel, and the 
DNA bands from samples were compared w�th the 
“GeneON 100 bp Plus Blue DNA ladder” (GeneON, 
Germany) DNA marker and exam�ned. The presence of 
bands w�th s�zes of 310 bp for mecA, 1315 bp for �caA, and 
381 bp for �caD was �nvest�gated (Vasudevan et al., 2003; 
McClure et al., 2006). 
 

Eth�cal approval 
Approval for th�s research was granted by the Ondokuz 
Mayıs Un�vers�ty Cl�n�cal Research Eth�cs Comm�ttee on 
26/10/2022, w�th approval number 2022/466. 
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STATISTICAL ANALYSIS  
 

SPSS software vers�on 21 was used to perform the 
stat�st�cal analyses by the Ch�-square test. The cr�ter�on for 
accept�ng a stat�st�cally s�gn�f�cant result �s that the p-value 
�s less than 0.05. 
 

RESULTS 
 
The study included 40 (30.77%) blood cultures 
(bloodstream infections), 40 (30.77%) catheter blood 
cultures (catheter-related bloodstream infections), and 50 
(38.46%) exudate cultures. Upon analysis of biofilm 

formation, 81 (62.31%) isolates were found to produce 
biofilm, while 30 (23.08%) isolates exhibited strong 
biofilm formation. The biofilm formation profiles of the 
isolates based on the type of clinical specimens are 
presented in table I. The images obtained using SEM are 
presented in fig. 1. SEM analysis revealed no biofilm 
production in S. aureus isolate number 112 (A, B, C), 
whereas biofilm production was detected in S. aureus 
isolate number 118 (D, E, F). The antimicrobial resistance 
profiles of biofilm-forming and non-forming isolates 
according to clinical specimen types are presented in table 
II. 

  

Table 1: B�of�lm format�on prof�les accord�ng to cl�n�cal spec�men types 
 

Sample Type 
Number of Samples Form�ng B�of�lm n 

(%) 
Number of Samples Form�ng Strong B�of�lm n 

(%) 
Blood (n=40) 25 (62.5) 9 (22.5) 

Catheter Blood (n=40)  15 (37.5) 10 (25) 
Exudates (n=50) 41 (82) 11 (22) 

Total (n=130) 81 (62.31) 30 (23.08) 
 
Table 2: Ant�m�crob�al res�stance prof�les of b�of�lm-form�ng and non-form�ng �solates accord�ng to cl�n�cal spec�men 
types 
 

  Ant�m�crob�als Blood (n =40) Catheter Blood (n=40) Exudates (n=50) 

  
B�of�lm-form�ng 

�solates  
n=25 (%) 

Non-b�of�lm-
form�ng �solates 

n=15 (%) 

B�of�lm-
form�ng �solates 

n=15 (%) 

Non-b�of�lm-
form�ng �solates 

n=25 (%) 

B�of�lm-
form�ng �solates 

n=41 (%) 

Non-b�of�lm-
form�ng �solates 

n=9 (%) 
P 25 (100) 15 (100) 15 (100) 25 (100) 41 (100) 9 (100) 

OXA 25 (100) 15 (100) 15 (100) 25 (100) 41 (100) 9 (100) 
CIP 5 (20) 2 (13.33) 6 (40) - 12 (29.27) 4 (44.44) 
GN* - - - - - - 
VA - - - - - - 

TEC - - - - - - 
E 11 (44) 2 (13.33) 11 (73.33) 2 (8) 15 (36.58) 1 (11.11) 

DA 11 (44) 2 (13.33) 11 (73.33) 2 (8) 15 (36.58) 1 (11.11) 
TE 13 (52) 1 (6.67) 12 (80) - 18 (43.9) 2 (22.22) 

LNZ - - - - - - 
SXT 1 (4) 1 (6.67) 1 (6.67) - 2 (4.88) 1 (11.11) 
Total 25 (100) 15 (100) 15 (100) 25 (100) 41 (100) 9 (100) 

*Suscept�b�l�ty data for gentam�c�n are ava�lable for 68 �solates, all of wh�ch were sens�t�ve to gentam�c�n. Suscept�b�l�ty �nformat�on 
for the rema�n�ng �solates �s not ava�lable �n our data. 
P: Pen�c�ll�n, OXA: Oxac�ll�n, CIP: C�profloxac�n, GN: Gentam�c�n, VA: Vancomyc�n, TEC: Te�coplan�n, E: Erythromyc�n, DA: 
Cl�ndamyc�n, TE: Tetracycl�ne, LNZ: L�nezol�d, SXT: Tr�methopr�m-sulfamethoxazole 
 
Table 3: MIC50, MIC90, BIC50, BIC90, and MIC value ranges, BIC value ranges for vancomyc�n and te�coplan�n �n the 
�solates 
 
   

Glycopept�des 
MIC50 

(μg/mL) 
MIC90 

(μg/mL) 
BIC50 

(μg/mL) 
BIC90 

(μg/mL) 
MIC Value 

Ranges (μg/mL) 
BIC Value 

Ranges (μg/mL) 
All Isolates 

(n=130) 
Vancomyc�n 1 1 - - 0.5-2 - 
Te�coplan�n 1 2 - - 0.25-2 - 

Strong B�of�lm-
Form�ng Isolates 

(n=30) 

Vancomyc�n 1 1 256 512 0.5-1 64-4096 
Te�coplan�n 1 2 256 1024 0.5-2 32-4096 

MIC: M�n�mum �nh�b�tory concentrat�on, BIC: B�of�lm �nh�b�tor concentrat�on 
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F�g. 1: SEM �mages of S. aureus �solate number 112, wh�ch does not produce b�of�lm (A, B, C) and S. aureus �solate 
number 118, wh�ch produces b�of�lm (D, E, F) (A: 1000x magn�f�cat�on; B: 3000x magn�f�cat�on; C: 5000x magn�f�cat�on; 
D: 1000x magn�f�cat�on; E: 5000x magn�f�cat�on; F: 10000x magn�f�cat�on) 
 

 
 
(M: Marker; 1: mecA pos�t�ve control; 2-15: mecA pos�t�ve �solates; mecA:310 bp) 
F�g. 2: Gel �mage of mecA pos�t�ve �solates 
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All isolates were susceptible to glycopeptides based on 
MIC results. The MIC50 and MIC90 values represent the 
minimum concentrations required to inhibit the growth 
50% and 90% of the isolates, respectively. Similarly, the 
BIC50 and BIC90 values are indicative of the minimum 
concentrations required to inhibit biofilm formation in 50% 
and 90% of the isolates, respectively. The MIC50, MIC90, 
BIC50, and BIC90 values, as well as the MIC and BIC value 

ranges for vancomycin and teicoplanin, are presented in 
table III. The BIC90 values for vancomycin and teicoplanin 
in the 30 strong biofilm-forming isolates were found to be 
512 times higher than their respective MIC90 values. 
 
PCR analysis detected the mecA gene in 125 (96.15%) of 
the isolates. Among 81 biofilm-forming isolates, icaA and 
icaD genes were observed in 78 (96.3%) of them. In 

  

 
 
(M: Marker; 1, 3, 8, 12, 14: �caA negat�ve �solates; 2, 4, 5, 6, 7, 9, 10, 11, 13: �caA pos�t�ve �solates; 15: �caA pos�t�ve control; �caA: 
1315 bp) 
F�g. 3: Gel �mage of �caA pos�t�ve �solates 
 

 
 
(M: Marker; 1: �caD pos�t�ve control; 2-15: �caD pos�t�ve �solates; �caD: 385 bp) 
F�g. 4: Gel �mage of �caD pos�t�ve �solates 
 



Invest�gat�on of b�of�lm format�on �n meth�c�ll�n res�stant Staphylococcus aureus �solates by genotyp�c and phenotyp�c methods 

Pak. J. Pharm. Sc�., Vol.38, No.4, July-August 2025, pp.1133-1140 1138

contrast, among the 49 non-biofilm-forming isolates, the 
icaA gene was detected in 18 (36.73%) and the icaD gene 
was observed in 22 (44.9%) of them. The icaA and icaD 
genes were observed in all strong biofilm-forming isolates. 
A significant relationship was observed between biofilm 
formation and the expression of the icaA and icaD genes 
(p<0.05). The band profiles of the genes are visually 
presented in fig. 2, 3, and 4. 
 
DISCUSSION 
 
In �nfect�ons assoc�ated w�th b�of�lm, the b�of�lm matr�x 
confers res�stance to both the host �mmune system and the 
effects of ant�m�crob�al agents. (Grande et al., 2020). In 
order to combat these �nfect�ons effect�vely, �t �s essent�al 
to �dent�fy b�of�lm format�on, ga�n an �ns�ght �nto the 
relat�onsh�p between b�of�lm and res�stance, and develop 
new treatment opt�ons. In the l�terature, one of the methods 
used to measure b�of�lm format�on �s the m�crot�ter plate 
method. SEM �s an �mag�ng method that �s capable of 
obta�n�ng h�gh-resolut�on �mages (Temel and Eraç, 2018). 
In our study, two randomly selected �solates, one b�of�lm-
form�ng and the other non-b�of�lm-form�ng, were �maged 
us�ng SEM, prov�d�ng ev�dence of b�of�lm format�on and 
allow�ng for a qual�tat�ve analys�s. 
 
In stud�es, the ab�l�ty of S. aureus to produce b�of�lms has 
been �nvest�gated based on spec�men types. In a study 
performed �n our country, b�of�lm format�on was detected 
�n 70.5% of S. aureus �solates from chron�c wound 
�nfect�ons (Demir et al., 2020). Hortaç İştar et al. (Hortaç 
İştar et al., 2020) observed that among 83 �solates, wound 
�solates produced b�of�lm at a h�gher rate compared to 
blood and catheter �solates us�ng the mod�f�ed Chr�stensen 
method. In our study, s�m�lar to the f�nd�ngs of Hortaç İştar 
et al., exudate �solates were observed to produce h�gher 
rates of b�of�lm than others. Th�s result suggests that �n 
wound �nfect�ons, the loss of the barr�er effect of the sk�n 
and d�srupt�on of the m�croflora may have a fac�l�tat�ng 
effect on b�of�lm format�on. 
 
It �s known that b�of�lm-produc�ng stra�ns have h�gher 
ant�b�ot�c res�stance. İbrah�m et al. (İbrah�m et al., 2022) 
reported s�gn�f�cantly h�gher b�of�lm format�on �n MRSA 
�solates compared to meth�c�ll�n-sens�t�ve stra�ns, wh�le 
Gür Vural et al. (Gür Vural et al., 2023) found a rate of 68% 
�n MRSA �solates. In agreement w�th other prev�ous 
stud�es, we found that 62.31% of MRSA �solates produced 
b�of�lm. Several stud�es have reported that b�of�lm-
produc�ng �solates exh�b�t �ncreased res�stance to 
ant�m�crob�als (Dem�r and Çet�k Yıldız, 2020; İbrah�m et 

al., 2022). Neopane et al. (Neopane et al., 2018) found that 
b�of�lm-produc�ng �solates exh�b�ted h�gher res�stance to 
the ant�b�ot�cs erythromyc�n, cl�ndamyc�n, tr�methopr�m-
sulfamethoxazole, c�profloxac�n, and tetracycl�ne. 
S�m�larly, �n our study, b�of�lm-produc�ng �solates 
exh�b�ted h�gher res�stance to the ant�b�ot�cs erythromyc�n, 

cl�ndamyc�n, tetracycl�ne, and c�profloxac�n. These results 
�nd�cate that MRSA �solates have a h�gher ab�l�ty to 
produce b�of�lm compared to MSSA and that b�of�lm 
prov�des res�stance aga�nst ant�bacter�al treatments. In our 
country and �nternat�onal stud�es on S. aureus �nfect�ons, 
low res�stance rates to tr�methopr�m-sulfamethoxazole 
have been reported (Vicetti Miguel et al., 2019; Şanlı et al., 

2021). In our study, low res�stance rates to tr�methopr�m-
sulfamethoxazole were detected �n both groups of b�of�lm-
form�ng and non-b�of�lm-form�ng �solates. Res�stance to 
tr�methopr�m-sulfamethoxazole was not assoc�ated w�th 
b�of�lm format�on. There are s�x �solates res�stant to 
tr�methopr�m-sulfamethoxazole, of wh�ch four were found 
to produce b�of�lm (two from exudate samples, one from 
blood, and one from catheter blood samples). 
 

Glycopept�des are the pr�mary ant�b�ot�cs used to treat 
MRSA �nfect�ons. In our study, the MIC50 and MIC90 
values for vancomyc�n were found to be 1 μg/mL. The 
MIC50 value for te�coplan�n was found to be 1 μg/mL, and 
the MIC90 values were found to be 2 μg/mL. Erdoğmuş and 
Konak (Erdoğmuş and Konak, 2020) demonstrated that the 
BIC values of vancomyc�n aga�nst b�of�lm-form�ng S. 

aureus were h�gher than the MIC values effect�ve aga�nst 
sess�le forms. N�sh�mura et al. (Nishimura et al., 2006) 
reported s�x staphylococcal stra�ns obta�ned from 
arthroplasty pat�ents. They found the MIC values measured 
rang�ng 0.5 and 1 μg/mL and BIC values exceed�ng 512 
μg/mL. In our study, �n 30 of the �solates, the BIC90 values 
were observed to be 512 t�mes h�gher than the MIC90 
values for vancomyc�n and te�coplan�n. Our results �nd�cate 
that b�of�lm reduces ant�b�ot�c eff�cacy and that �nh�b�t�ng 
b�of�lm-form�ng bacter�a �s challeng�ng. These bacter�a 
requ�re ant�b�ot�c doses that exceed the MIC values. 
 

The �mpact of the �ca genes on b�of�lm product�on by S. 

aureus �s s�gn�f�cant. These genes encode enzymes that use 
UDP-N-acetylglucosam�ne to catalyse the synthes�s of 
ol�gosacchar�des. The �caA gene alone exh�b�ts a low N-
acetylglucosam�ne transferase act�v�ty. The enzyme 
act�v�ty of the �caA gene �ncreases �n the presence of the 
�caD gene (El-Sawaf et al., 2022). Şah�n et al. (Şahin and 
Kaleli, 2018) reported that 89.5% of 152 b�of�lm-
produc�ng Staphylococcus aureus �solates conta�ned the 
�caA and �caD gene reg�ons. M�lletl� Sezg�n et al. (Milletli 
Sezgin et al., 2019) obta�ned 86 b�of�lm-produc�ng S. 

aureus �solates from nasal swab samples. They detected the 
�caA gene �n 90.6% and the �caD gene �n 91.8% of these 
�solates. As w�th the stud�es prev�ously reported on th�s 
top�c, �n our study, the �caA gene was found �n 96 (73.85%) 
�solates, wh�le the �caD gene was �dent�f�ed �n 100 
(76.92%) �solates. In 78 (96.30%) of the 81 b�of�lm-
produc�ng �solates, the �caA and �caD gene reg�ons were 
found to be pos�t�ve. Add�t�onally, all 30 �solates w�th 
strong b�of�lm product�on were pos�t�ve for these gene 
reg�ons. The data obta�ned �nd�cate the s�gn�f�cance of �ca 

genes �n b�of�lm product�on. However, the presence of �ca 
genes does not always result �n b�of�lm product�on.  
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CONCLUSION 
 
The res�stance developed by b�of�lm layers aga�nst 
ant�m�crob�als leads to treatment fa�lures. It �s essent�al to 
determ�ne and el�m�nate the b�of�lm format�on potent�al of 
bacter�a that are respons�ble for colon�zat�on or �nfect�on. 
Th�s strategy w�ll contr�bute to lower�ng �nfect�on rates, as 
well as the assoc�ated health compl�cat�ons and death. Our 
study demonstrated that the b�of�lm format�on rates of 
MRSA stra�ns are h�gh and h�ghl�ghted the prevalence of 
b�of�lm-assoc�ated genes. Screen�ng the b�of�lm format�on 
potent�al of S. aureus bacter�a �s essent�al. Ident�fy�ng the 
presence of the �ca genes �s essent�al to enable the t�mely 
adm�n�strat�on of an effect�ve treatment. As a l�m�tat�on of 
our study �s that clonal typ�ng could not be performed on 
the S. aureus �solates.  
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