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ABSTRACT
BACKGROUND AND OBJECTIVE: Prevalence of methicillin resistant Staphylococcus aureus (MRSA) strains is
one of the most important health care problems and life-threatening in worldwide. The methicillin resistant S. aureus
strains producing biofilm and slime have potential to colonize and transmit. The present study was conducted to detect
intercellular adhesion (ica) genes involved in biofilm and slime formation in clinical isolates of methicillin resistant S.
aureus harboring mecA gene.
METHODS: In this cross-sectional study, a total of 85 bacterial isolates suspected to S. aureus were prepared from
clinical samples. The antibiotic susceptibility testing of bacteria to the penicillin, gentamicin, oxacillin, ciprofloxacin,
ofloxacin and vancomycin was carried out based on disk diffusion agar method. Biofilm and slime formation of
bacteria were examined by tissue culture polystyrene plate (TCP) and Congo red agar (CRA). The presence and
frequency of icaA, icaD and mecA genes were detected by multiplex PCR.
FINDINGS: 45 out of 85 (52.94%) S. aureus isolates were resistant to the methicillin. All of methicillin resistant S.
aureus were able to produce biofilm and slime. Consumedly surface hydrophobicity was seen in 55.55% and 100% of
strains producing strong biofilm and slime, respectively. The icaA, icaD and mecA genes were present in all biofilm
and slime producing isolates.
CONCLUSION: Our results showed that the all methicillin resistant S. aureus isolates with some abilities, including
polysaccharide intercellular adhesion, bacterial attachment, biofilm and slime production were positive for icaA and
icaD genes.
KEY WORDS: Staphylococcus aureus, Biofilm, Slime, icaA, icaD.

Please cite this article as follows:
Yousefi Nojookambari N, Yazdansetad S, Ardebili A, Saki M, Najjari E. Detection of Intercellular Adhesion (ica) Genes Involved
in Biofilm and Slime Formation in Clinical Isolates of Staphylococcus Aureus Harboring mecA Gene. J Babol Univ Med Sci.
2018;20(6):27-35.

*Corresponding Author: S. Yazdansetad (PhD)

Address: Department of Microbiology, Faculty of Medicine, Golestan University of Medical Sciences, Gorgan, Iran
Tel: +98 17 32452651

E-mail: sajjad.yazdansetad@gmail.com



WWAY 313,58 /5 0 )lass /w093 ¢ bl (S5 pole olSuiily aloeo
OWer (el 5295 (husgs 15 5 feplidnr S b Loy (102) by (St sl

References

1.Konrad P, Adriana ER, and Wegrzyn G. Staphylococcus aureus as an infectious agent: overview of biochemistry and
molecular genetics of its pathogenicity. Acta Biochimica Polonica. 2009;56(4):597-612.

2.Ciftci A, Findik A, Onuk EE, Savasan S. Detection of methicillin resistance and slime factor production of
Staphylococcus aureus in bovine mastitis. Braz J Microbiol. 2009;40(2):254-61.

3.Pai V, Rao VI, Rao SP. Prevalence and antimicrobial susceptibility pattern of methicillin-resistant Staphylococcus
aureus [MRSA] isolates at a tertiary care hospital in Mangalore, South India. J Lab Physicians. 2010;2(2):82-4.
4.Murugan K, Usha M, Malathi P, Saleh al-Sohaibani A, Chandrasekaran M. Biofilm forming multi drug resistant
Staphylococcus spp. among patients with conjunctivitis. Pol J Microbiol. 2010;59(4):233-9.

5.Yazdani R, Oshaghi M, Havayi A, Pishva E, Salehi R, Sadeghizadeh M. Detection of icaAD gene and biofilm
formation in Staphylococcus aureus isolates from wound infections. Iran J Publ Health. 2006;35:25-8.

6.Cerca N, Pier GB, Vilanova M, Oliveira R, Azeredo J. Quantitative analysis of adhesion and biofilm formation on
hydrophilic and hydrophobic surfaces of clinical isolates of Staphylococcus epidermidis. Res Microbiol.
2005;156(4):506-14.

7.Rosenberg M. Bacterial adherence to polystyrene: a replica method of screening for bacterial hydrophobicity. Appl
Environ Microbiol. 1981;42(2):375-7.

8.Arciola CR, Baldassarri L, Montanaro L. Presence of icaA and icaD genes and slime production in a collection of
staphylococcal strains from catheter-associated infections. J Clin Microbiol. 2001;39(6):2151-6.

9.Arslan S, Ozkarde F. Slime production and antibiotic susceptibility in staphylococci isolated from clinical samples.
Mem Inst Oswaldo Cruz, Rio de Janeiro. 2007;102(1):29-33.

10.CLSI. Performance standards for antimicrobial susceptibility testing: Twenty-Fifth Informational Supplement. CLSI
document M100-S25. Wayne, PA. Clinical and Laboratory Standards Institute; 2015.

11.Stepanovic S, Vukovic D, Hola V, Bonaventura G, Djukic S, Cirkovic I, et al. Quantification of biofilm in
microtiter plates: overview of testing conditions and practical recommendations for assessment of biofilm production
by staphylococci. APMIS. 2007;115(8):891-9.

12.Sanchez CJ, Mende K, Beckius ML, Akers KS, Romano DR, Wenke JC, Murray CK. Biofilm formation by clinical
isolates and the implications in chronic infections. BMC Infect Dis. 2013;13:47-53.

13.Kado CI, Liu ST. Rapid procedure for detection and isolation of large and small plasmids. J Bacteriol.
1981;145(3):1365-73.

14.Green MR, Sambrook J. Molecular cloning: a laboratory manual. 4rd ed. Cold Spring Harbor, New York: Cold
Spring Harbor Laboratory; 2012.

15.Diemond-Hernandez B, Solérzano-Santos F, Leafios-Miranda B, Peregrino-Bejarano L, Miranda-Novales G.
Production of icaADBC-encoded polysaccharide intercellular adhesin and therapeutic failure in pediatric patients with
staphylococcal device-related infections. BMC Infect Dis. 2010;10:68-74.

16.Vannuffel P, Gigi J, Ezzedine H, Vandercam B, Delmee M, Wauters G, Gala JL. Specific detection of methicillin-
resistant Staphylococcus species by multiplex PCR. J Clin Microbiol. 1995;33:2864-7.

17.Mejia C, Zurita J, Guzman-Blanco M. Epidemiology and surveillance of methicillin resistant Staphylococcus aureus
in Latin America. Braz. J Infect Dis. 2010;14(2):79-86.

18.Askari E, Soleymani E, Arianpoor A, Tabatabai SM, Amini A, Naderi Nasab M. Epidemiology of mecA-methicillin
resistant Staphylococcus aureus in lran: A Systematic Review and Meta-analysis. Iran J Basic Med
Sci. 2012;15(5):1010-9.

19.Mirzaee M, Najar Peerayeh SH, Ghasemian AM. Detection of icaabcd genes and biofilm formation in clinical
isolates of methicillin resistant staphylococcus aureus. Iran J Pathol. 2014;9(4):257-62.

20.0hadian Moghadam S, Pourmand MR, Aminharati F. Biofilm formation and antimicrobial resistance in methicillin-
resistant Staphylococcus aureus isolated from burn patients, Iran. J Infect Dev Ctries. 2014;8(12):1511-7.


http://trove.nla.gov.au/work/13615226?q&sort=holdings+desc&_=1481899689004&versionId=176566300

J Babol Univ Med Sci; 20(6); June 2018
Detection of Intercellular Adhesion (ica) Genes Involved ...; N. Yousefi Nojokambari, et al

21.Mafu AA, Plumety C, Deschénes L, Goulet J. Adhesion of pathogenic bacteria to food contact surfaces: Influence
of pH of culture. Int J Microbiol. 2011; 2011:972494.

22.Pagedar A, Singh J, Batish VK. Surface hydrophobicity, nutritional contents affect Staphylococcus aureus biofilms
and temperature influences its survival in preformed biofilms. J Basic Microbiol. 2010;50: S98-S106.

23.0liveira A, de Lourdes RS, Cunha M. Comparison of methods for the detection of biofilm production in coagulase-
negative staphylococci. BMC Res Notes. 2010;3(1):260.

24.Tirkyilmaz, S, Eskiizmirliler S. Detection of slime factor production and antibiotic resistance in staphylococcus
strains isolated from various animal clinical samples. Turk J Vet Anim Sci. 2006;30(1):201-6.

25.Satorres SE, Alcaraz LE. Prevalence of icaA and icaD genes in Staphylococcus aureus and Staphylococcus
epidermidis strains isolated from patients and hospital staff. Cent Eur J Publ Health. 2007;15(2):87-90.
26.Martin-Lopez JV, Perez-Roth E, Claverie-Martin F, Diez-Gil O, Batista N, MoralesM, et al. Detection of
Staphylococcus aureus clinical isolates harboring the ica gene cluster needed for biofilm establishment. J Clin
Microbiol. 2002;40:1569-70.

27.Kara Terki I, Hassaine H, Oufrid S, Bellifa S, Mhamedi I, Lachachi M, et al. Detection of icaA and icaD genes and
biofilm formation in Staphylococcus spp. isolated from urinary catheters at the University Hospital of Tlemcen
(Algeria). Afr J Microbiol Res. 2013;7(47):5350-7.

28.El Mahallawy HA, Samah A. EI-Wakil LM, Abeer K, Morcos H. Clinical implications of icaA and icaD genes in
coagulase negative Staphylococci and S. aureus bacteremia in febrile neutropenic pediatric cancer patients. Pediatr
Blood Cancer. 2009;52(7):824-8.

29.Nuryastuti T, van der Mei HC, Busscher HJ, Kuijer R, Aman AT, Krom BP. recA mediated spontaneous deletions
of the icaADBC operon of clinical Staphylococcus epidermidis isolates: a new mechanism of phenotypic variations.
Antonie Van Leeuwenhoek. 2008;94(2): 317-28.

30.Fowler Jr VG, Fey PD, Reller LB, Chamis AL, Corey GR, Rupp ME. The intercellular adhesin locus ica is present
in clinical isolates of Staphylococcus aureus from bacteremic patients with infected and uninfected prosthetic joints.
Medical Microbiol Immun. 2001;189(3):127-31.

31.Nasra RA, AbuShadyb HM, Hussein SH. Biofilm formation and presence of icaAD gene in clinical isolates of
staphylococci. The Egypt J Med Hum Gen. 2012;13(3):269-74.

32.Fitzpatrick F, Humphreys H, O’Gara JP. Evidence for icaADBC independent biofilm development mechanism in
methicillin-resistant Staphylococcus aureus clinical isolates. J Clin Microbiol. 2005;43(4):1973-6.

33.Eftekhar F, Dadaei T. Biofilm formation and detection of icaAB genes in clinical isolates of methicillin resistant
Staphylococcus aureus. Iran J Basic Med Sci. 2011;14(2):132-6.

34.Mathur T, Singhal S, Khan S, Upadhyay DJ, Fatma T, Rattan A. Detection of biofilm formation among the clinical
isolates of Staphylococci: An evaluation of three different screening methods. Indian J Med Microbiol. 2006;24(1):25-9.
35.Serray B, Oufrid S, Hannaoui I, Bourjilate F, Soraa N, Mliji M, Sobh M, Hammoumi A, Timinouni M, EI Azhari
M. Genes encoding adhesion factors and biofilm formation in methicillin-resistant Staphylococcus aureus in Morocco.
J Infect Dev Ctries. 2016;10(8):863-9.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Mafu%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=20981289
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2963129/

