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                    Abstract
The aim of this study was to determine the role of polysaccharide intercellular adhesin (PIA) in Staphylococcus epidermidis adhesion to host tissues and subsequent antibiotic tolerance. The adherence of S. epidermidis 1457 and the mutant defective in PIA production (1457-M10) to urinary epithelium and endothelium was estimated by colony counting. Minimum bactericidal concentration and mean reduction of cellular activity (XTT) following antibiotic exposure was determined for planktonic and adhered bacteria. S. epidermidis 1457 adhered to a greater extent to both cells than the mutant strain. The adhered strains had a significantly higher antimicrobial tolerance than their planktonic counterparts. The mutant strain was, in general, the most susceptible to the antibiotics assayed. In conclusion, PIA may influence S. epidermidis adherence to host tissues and their antimicrobial susceptibility. Initial adhesion may be the main step for the acquisition of resistance in S. epidermidis.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Staphylococcus epidermidis Pathogenesis
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2014
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Purification and Evaluation of Polysaccharide Intercellular Adhesion (PIA) Antigen from Staphylococcus epidermidis
                                        
                                    

                                    
                                        Article
                                        
                                         26 July 2016
                                    

                                

                                Bahman Mirzaei, Seyed Fazlollah Moosavi, … Mohammad Shahrooei

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Overview of Staphylococcus epidermidis cell wall-anchored proteins: potential targets to inhibit biofilm formation
                                        
                                    

                                    
                                        Article
                                        
                                         22 October 2019
                                    

                                

                                Silvestre Ortega-Peña, Sergio Martínez-García, … Juan C. Cancino-Diaz

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	von Eiff C, Peters G, Heilmann C (2002) Pathogenesis of infections due to coagulase-negative staphylococci. Lancet Infect Dis 2:677–685 doi:10.1016/S1473-3099(02)00438-3
                        
Article 
    
                    Google Scholar 
                

	Holgers KM, Ljungh A (1999) Cell surface characteristics of microbiological isolates from human percutaneous titanium implants in the head and neck. Biomaterials 20:1319–1326 doi:10.1016/S0142-9612(99)00033-2
                        
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Van Belkum A, Kools-Sijmons M, Verbrugh H (2002) Attachment of Staphylococcus aureus to eukaryotic cells and experimental pitfalls in staphylococcal adherence assays: a critical appraisal. J Microbiol Methods 48:19–42 doi:10.1016/S0167-7012(01)00342-6
                        
Article 
    PubMed 
    
                    Google Scholar 
                

	von Eiff C, Heilmann C, Peters G (1999) New aspects in the molecular basis of polymer-associated infections due to staphylococci. Eur J Clin Microbiol Infect Dis 18:843–846 doi:10.1007/s100960050417
                        
Article 
    
                    Google Scholar 
                

	Rupp ME, Ulphani JS, Fey PD et al (1999) Characterization of Staphylococcus epidermidis polysaccharide intercellular adhesin/hemagglutinin in the pathogenesis of intravascular catheter-associated infection in a rat model. Infect Immun 67:2656–2659
PubMed 
    CAS 
    
                    Google Scholar 
                

	McKenney D, Hübner J, Muller E et al (1998) The ica locus of Staphylococcus epidermidis encodes production of the capsular polysaccharide/adhesin. Infect Immun 66:4711–4720
PubMed 
    CAS 
    
                    Google Scholar 
                

	Mack D (1999) Molecular mechanisms of Staphylococcus epidermidis biofilm formation. J Hosp Infect 43:113–125 doi:10.1016/S0195-6701(99)90074-9
                        
Article 
    
                    Google Scholar 
                

	Ahanotu EN, Stone JH, Mcallister SK et al (2001) Vancomycin resistance among strains of Staphylococcus epidermidis: effects on adherence to silicone. Curr Microbiol 43:124–128 doi:10.1007/s002840010273
                        
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Mah TFC, O’Toole GA (2001) Mechanisms of biofilm resistance to antimicrobial agents. Trends Microbiol 9:34–39 doi:10.1016/S0966-842X(00)01913-2
                        
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Cerca N, Pier GB, Vilanova M et al (2005) Quantitative analysis of adhesion and biofilm formation on hydrophilic and hydrophobic surfaces of clinical isolates of Staphylococcus epidermidis. Res Microbiol 156:506–514 doi:10.1016/j.resmic.2005.01.007
                        
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Götz F (2002) Staphylococcus and biofilms. Mol Microbiol 43:1367–1378 doi:10.1046/j.1365-2958.2002.02827.x
                        
Article 
    PubMed 
    
                    Google Scholar 
                

	Götz F, Peters G (2000) Colonization of medical devices by coagulase-negative staphylococci. In: Waldvogel FA, Bisno AL (eds) Infections associated with indwelling medical devices, 3rd edn. ASM Press, Washington, DC

                    Google Scholar 
                

	Mack D, Rohde H, Dobinsky S et al (2000) Identification of three essential regulatory gene loci governing expression of Staphylococcus epidermidis polysaccharide intercellular adhesin and biofilm formation. Infect Immun 68:3799–3807 doi:10.1128/IAI.68.7.3799-3807.2000
                        
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Foster TJ (2002) Surface protein adhesins of staphylococci. In: Wilson M (ed) Bacterial adhesion to host tissues: mechanisms and consequences. Advances in Molecular and Cellular Microbiology. Cambridge University Press

	Heilmann C, Schweitzer O, Gerke C et al (1996) Molecular basis of intercellular adhesion in the biofilm-forming Staphylococcus epidermidis. Mol Microbiol 20:1083–1091 doi:10.1111/j.1365-2958.1996.tb02548.x
                        
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Gerke C, Kraft A, Süssmuth R et al (1998) Characterization of the N-acetylglucosaminyltransferase activity involved in the biosynthesis of the Staphylococcus epidermidis polysaccharide intercellular adhesin. J Biol Chem 273:18586–18593 doi:10.1074/jbc.273.29.18586
                        
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Rupp ME, Fey PD, Heilmann C et al (2001) Characterization of the importance of Staphylococcus epidermidis autolysin and polysaccharide intercellular adhesin in the pathogenesis of intravascular catheter-associated infection in a rat model. J Infect Dis 183:1038–1042 doi:10.1086/319279
                        
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Mack D, Nedelmann M, Krokotsch A et al (1994) Characterization of transposon mutants of biofilm-producing Staphylococcus epidermidis impaired in the accumulative phase of biofilm production: genetic identification of a hexosamine-containing polysaccharide intercellular adhesin. Infect Immun 62:3244–3253
PubMed 
    CAS 
    
                    Google Scholar 
                

	Mack D, Fischer W, Krokotsch A et al (1996) The intercellular adhesin involved in biofilm accumulation of Staphylococcus epidermidis is a linear β-1,6-linked glucosaminoglycan: purification and structural analysis. J Bacteriol 178:175–183
PubMed 
    CAS 
    
                    Google Scholar 
                

	Maira-Litrán T, Kropec A, Abeygunawardana C et al (2002) Immunochemical properties of the staphylococcal poly-N-acetylglucosamine surface polysaccharide. Infect Immun 70:4433–4440 doi:10.1128/IAI.70.8.4433-4440.2002
                        
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Sadovskaya I, Vinogradov E, Flahaut S et al (2005) Extracellular carbohydrate-containing polymers of a model biofilm-producing strain, Staphylococcus epidermidis RP62A. Infect Immun 73:3007–3017 doi:10.1128/IAI.73.5.3007-3017.2005
                        
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Mack D, Sabottke A, Dobinsky S et al (2002) Differential expression of methicillin resistance by different biofilm-negative Staphylococcus epidermidis transposon mutant classes. Antimicrob Agents Chemother 46:178–183 doi:10.1128/AAC.46.1.178-183.2002
                        
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	de Feiter PW, Jacobs JA, Jacobs MJ et al (2005) Successful treatment of Staphylococcus epidermidis prosthetic valve endocarditis with linezolid after failure of treatment with oxacillin, gentamicin, rifampicin, vancomycin, and fusidic acid regimens. Scand J Infect Dis 37:173–176 doi:10.1080/00365540410021018
                        
Article 
    PubMed 
    
                    Google Scholar 
                

	O’Gara JP, Humphreys H (2001) Staphylococcus epidermidis biofilms: importance and implications. J Med Microbiol 50:582–587
PubMed 
    
                    Google Scholar 
                

	Michelim L, Lahude M, Araújo PR et al (2005) Pathogenic factors and antimicrobial resistance of Staphylococcus epidermidis associated with nosocomial infections occurring in intensive care units. Braz J Microbiol 36:17–23 doi:10.1590/S1517-83822005000100004
                        
Article 
    
                    Google Scholar 
                

	Stewart PS, Costerton JW (2001) Antibiotic resistance of bacteria in biofilms. Lancet 358:135–138 doi:10.1016/S0140-6736(01)05321-1
                        
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Cerca N, Martins S, Cerca F et al (2005) Comparative assessment of antibiotic susceptibility of coagulase-negative staphylococci in biofilm versus planktonic culture as assessed by bacterial enumeration or rapid XTT colorimetry. J Antimicrob Chemother 56:331–336 doi:10.1093/jac/dki217
                        
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Cerca N, Martins S, Pier GB et al (2005) The relationship between inhibition of bacterial adhesion to a solid surface by sub-MICs of antibiotics and subsequent development of a biofilm. Res Microbiol 156:650–655 doi:10.1016/j.resmic.2005.02.004
                        
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Williams I, Venables WA, Lloyd D et al (1997) The effects of adherence to silicone surfaces on antibiotic susceptibility in Staphylococcus aureus. Microbiology 143:2407–2413
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Mack D, Siemssen N, Laufs R (1992) Parallel induction by glucose of adherence and a polysaccharide antigen specific for plastic-adherent Staphylococcus epidermidis: evidence for functional relation to intercellular adhesion. Infect Immun 60:2048–2057
PubMed 
    CAS 
    
                    Google Scholar 
                

	Mack D, Nedelmann M, Krokotsch A et al (1994) Characterization of transposon mutants of biofilm-producing Staphylococcus epidermidis impaired in the accumulative phase of biofilm production: genetic identification of a hexosamine-containing polysaccharide intercellular adhesin. Infect Immun 62:3244–3253
PubMed 
    CAS 
    
                    Google Scholar 
                

	Knobloch JK, Nedelmann M, Kiel K et al (2003) Establishment of an arbitrary PCR for rapid identification of Tn917 insertion sites in Staphylococcus epidermidis: characterization of biofilm-negative and nonmucoid mutants. Appl Environ Microbiol 69:5812–5818 doi:10.1128/AEM.69.10.5812-5818.2003
                        
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Mack D, Riedewald J, Rohde H et al (1999) Essential functional role of the polysaccharide intercellular adhesin of Staphylococcus epidermidis in hemagglutination. Infect Immun 67:1004–1008
PubMed 
    CAS 
    
                    Google Scholar 
                

	Rupp ME, Ulphani JS, Fey PD et al (1999) Characterization of the importance of polysaccharide intercellular adhesin/hemagglutinin of Staphylococcus epidermidis in the pathogenesis of biomaterial-based infection in a mouse foreign body infection model. Infect Immun 67:2627–2632
PubMed 
    CAS 
    
                    Google Scholar 
                

	Donlan RM (2002) Biofilms: microbial life on surfaces. Emerg Infect Dis 8:881–890
PubMed 
    
                    Google Scholar 
                

	Mohamed N, Teeters MA, Patti JM et al (1999) Inhibition of Staphylococcus aureus adherence to collagen under dynamic conditions. Infect Immun 67:589–594
PubMed 
    CAS 
    
                    Google Scholar 
                

	Mårdh PA, Colleen S, Hovelius B (1979) Attachment of bacteria to exfoliated cells from the urogenital tract. Invest Urol 16:322–326
PubMed 
    
                    Google Scholar 
                

	Carbonero MJ, Pascual A, Martínez-Martínez L et al (1989) Adhesion capacity and surface properties of Staphylococcus epidermidis and Staphylococcus saprophyticus. Enferm Infecc Microbiol Clin 7:466–470
PubMed 
    CAS 
    
                    Google Scholar 
                

	Merkel GJ, Scofield BA (2001) Interaction of Staphylococcus epidermidis with endothelial cells in vitro. Med Microbiol Immunol 189:217–223 doi:10.1007/s004300100090
                        
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Nilsson M, Frykberg L, Flock JI et al (1998) A fibrinogen-binding protein of Staphylococcus epidermidis. Infect Immun 66:2666–2673
PubMed 
    CAS 
    
                    Google Scholar 
                

	National Committee for Clinical Laboratory Standards (NCCLS) (1999) Methods for determining bactericidal activity of antimicrobial agents. Approved guideline M26-A. NCCLS, Wayne, PA

                    Google Scholar 
                


Download references




Acknowledgements
No special acknowledgements are due.


Author information
Authors and Affiliations
	IBB—Institute for Biotechnology and Bioengineering, Centre of Biological Engineering, Universidade do Minho, 4710-057, Braga, Portugal
A. R. Costa, M. Henriques, R. Oliveira & J. Azeredo


Authors	A. R. CostaView author publications
You can also search for this author in
                        PubMed Google Scholar



	M. HenriquesView author publications
You can also search for this author in
                        PubMed Google Scholar



	R. OliveiraView author publications
You can also search for this author in
                        PubMed Google Scholar



	J. AzeredoView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                J. Azeredo.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Costa, A.R., Henriques, M., Oliveira, R. et al. The role of polysaccharide intercellular adhesin (PIA) in Staphylococcus epidermidis adhesion to host tissues and subsequent antibiotic tolerance.
                    Eur J Clin Microbiol Infect Dis 28, 623–629 (2009). https://doi.org/10.1007/s10096-008-0684-2
Download citation
	Received: 21 February 2008

	Accepted: 01 December 2008

	Published: 08 January 2009

	Issue Date: June 2009

	DOI: https://doi.org/10.1007/s10096-008-0684-2


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Minimum Bactericidal Concentration
	Planktonic Cell
	Planktonic Bacterium
	Adhere Bacterium
	Initial Adhesion








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					3.89.229.10
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    