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Biofilms are assemblages of bacteria encased in an extracellular matrix, as well as proteins, exopolysaccharides and macromolecules 

such as DNA. Bacterial biofilms are thought to play a substantial influence in over 80% of bacterial illnesses. Biofilm buildup on 

medical implants is responsible for about 60% of hospital-acquired infections. In this study, 150 clinical samples (wound, urine and 

sputum) were collected from patients admitted to surgical wards of Azadi teaching hospital/Kirkuk during the period from February 

to October 2018. Of these, 98 (65.3%) were females and 52 (34.7%) were males. Congo Red Agar was used to test the potential 

of S. aureus isolates to produce biofilms. The relationship between S. aureus biofilm producer isolates and ica ABCD operon 

genes was studied by using PCR. Out of all samples, S. aureus isolates were identified in 29 (19.3%) of clinical samples, and most 

isolates were from wound infections (n=19, 65.5%) followed by urine (n=10, 43.5%). Whereas, no S. aureus isolate was detected in 

sputum samples. Moreover, S. aureus biofilm producing isolates were detected in 9 (24.1%) samples and were represented as black 

colonies on Congo Red Agar. The results of this study indicated the icaA, icaB, icaC and icaD genes harbored in 4 (44.4%) of S. 

aureus biofilm forming isolates while icaA, icaC, and icaD genes were detected in 6 (66.7%) of isolates. On the other hand, all S. 

aureus isolates were negative for both clfB and fnbB genes. 
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INTRODUCTION 
A biofilm is a community of microorganisms adhered to 

a surface that provides a protection level of homeosta- 

sis and resilience in a changing environment.[1,2] When 

compared to their planktonic cells, bacterial cells in bio- 

films are more vulnerable to environmental conditions 

and antimicrobials.[3] They may also facilitate mutual 

metabolic functions and promote horizontal transfer of 

genes.[4] 

In medicine, biofilms have a profound impact and their 

role in human illness has received a great deal of atten- 

tion. Generally, biofilms associated with moist surfaces 

such as medical interiors equipment, tubing of medical 

equipment, and that formed on medical devices such as 

catheters, implants or contact lenses, serve as a reser- 

voir for bacteria that can be transmitted into the body, 

resulting in acute and chronic infections. It is suspected 

that difficult-to-treat chronic infections arise from these 

biofilms.[5] 

Staphylococcus aureus (S. aureus) is recognized as the 

most common cause of human skin and mucosal sur- 

face infections, septicemia and life-threatening diseases 

with fatality rates which are higher than those associ- 

ated with AIDS, TB and chronic viral hepatitis.[6-8] It 

can also result in inducing infections such as wound and 

endovascular infections. Such infections can result in 

persistent chronic infection from an acute inflammatory 

infection. The Small Colony Variants” (SCV) and the 

invasion of bacterial host cell are associated with the 

chronic infections caused by S. aureus.[9,10] Such bac- 

teria may survive in a dehydrated state for long time 

and can develop biofilms on clinically dry surfaces as 

well.[11] Staphylococci are the bacteria most likely to 
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infect medical equipment that penetrates particular areas, 

such as those implanted after the operation.[12] Often 

staphylococcal infections lead to acute disease .[13] Studies 

have shown increased recovery rate of Methicillin- 

Resistant S. aureus (MRSA)in the patients suffering 

from acute and chronic maxillary sinusitis.[14] Hence, 

to understand the recovery process, it is important to 

detect biofilm-forming genes in S. aureus. 

 
The prevalence of MRSA has increased dramatically 

in the last several decades. The formation of S. aureus 

biofilm begins with attachment to surfaces and is con- 

trolled by the regulation of different microbial surface 

components. When these molecules are recognized, the 

production of polymeric intercellular adhesion protein 

is triggered. This protein modulates cell-to-cell attach- 

ment, and is encoded by ica Operon (icaABCD). This 

synthesis is mediated by fibronectin-binding proteins, 

clumping factors and biofilm-binding proteins. Studies 

on icaAD and adhesion gene have demonstrated that bio- 

film development depends heavily on these four factors. 

Understanding phenotypic and genetic characteristics of 

biofilms can also help us avoid, control and treat infec- 

tions in the future.[4, 15-19] 

 
It has been observed that MRSA presence leads to failure 

of “anti-microbial therapy” and these organisms are able 

to distribute to other sites of the body as well causing 

invasion in the host cells leading an acute infection to 

chronic infection. Thus, current research aimed to iden- 

tify the biofilm producing capability, existence of icaAB- 

CD, fibronectin-binding proteins (Fnb) and clumping 

factors (Clf) genes in clinical isolates of S. aureus by 

PCR technique. However, the β- lactamase producing 

MRSA are able to respond to the treatment of β-lactam 

antibiotics and even continue to protect “penicillin-sus- 

ceptible pathogens” from penicillins.[20] 

 

Materials and Methods 

Bacterial Strains 
This study was conducted in the Department of Med- 

ical Microbiology/ Faculty of Medicine/ University of 

Kirkuk. One hundred fifty clinical samples (wound, 

urine and sputum) were collected from patients admit- 

ted to Azadi teaching hospital/Kirkuk during the period 

from February 2018 to October 2018. The age of these 

patients varied between 1-75 years. Out of 150, female 

patients were 98 (65.3%) and male patients were 52 

(34.7%). Samples were cultured on blood agar, followed 

by an incubation period of 24 - 48 hours at 37°C un- 

der aerobic conditions. S. aureus strains were screened 

through gram staining, colonies’ structure and growth 

(golden colonies on nutrient medium, beta hemolyt- 

ic colonies on blood agar and yellow discoloration on 

mannitol salt agar), standard biochemical tests (positive 

catalase and coagulase tests) and API-Staph Ident Sys- 

tem (bioMerieux, Nürtingen, Germany). 

 
Biofilm production test 
Congo Red Agar (CRA) was used to investigate the bio- 

film-forming ability of S. aureus isolates. The isolates 

were cultured on CRA medium which was prepared by 

adding 0.8g of Congo red stain and 36g of sucrose to 1 L 

of BHI. After 24h incubation at 37°C, the isolates were 

examined with red colonies being considered as non- 

slime producers while those with black colonies were 

regarded as slime or biofilm producers.[21] 

 
DNA extraction 
Bacteria DNA Preparation Kit (Jena Bioscience GmbH, 

Germany) was used for extraction of DNA. Accord- 

ing to the protocol, the sample was mixed by inverting 

the tube for 1 minute followed by centrifuging it for 1 

minute at15000 g. The supernatant was discarded and, 

the contents of the tube were drained onto a clean, ab- 

sorbing piece of paper. Then DNA pellet was washed by 

adding 500 microliter of buffer and the tube was rotated 

several times. Later the tube was centrifuged again for 1 

minute at 15000 g. The ethanol was discarded carefully 

and the DNA was then air dried at room temperature for 

10-15 min. Later, 50-100 microliter of hydration solution 

was added to the dried DNA pellet. The DNA was in- 

cubated again at 65°C for 1hr and then stored at -20 °C. 

 

PCR Primers and Amplification 
The biofilm genes were determined and amplified by 

using primers (Qiagen, Germany)  as listed in Table 1. 

 
Table 1: Details of the primers used for the 
amplification of biofilm genes 

Genes 
Nucleotides sequence of primers 

(5’-3’) 

Amplicon 

size (bp) 
Reference 

icaA 
GAC CTC GAA GTC AAT AGA GGT 
CCC AGT ATA ACG TTG GAT ACC 

814 
 

[22] 

icaB 
AGAATCGTGAAGTATAGAAAATT 
TCTAATCTTTTTCATGGAATCCGT 

880 
 

[23] 

icaC 
CTTGGGTATTTGCACGCATT 
GCAATATCATGCCGACACCT 

209 
 

[18] 

icaD 
ACCCAACGCTAAAATCATCG 
GCGAAAATGCCCATAGTTTC 

211 
 

[18] 

 
fnbB 

ACGCTCAAGGCGACGGCAAAG 
ACCTTCTGCATGACCTTCTG- 

CACCT 

 

197 

 
 

[18] 

clfB 
AACTCCAGGGCCGCCGGTTG 

CCTGAGTCGCTGTCTGAGCCTGAG 
159 

 
[18] 

 

Detection of biofilm-producing genes 
The ica ABCD gene was amplified through PCR (BIO- 

RAD T100 Thermal cycler, USA) to identify biofilm 

producing S. aureus isolates. The PCR products were run 

on 1.5% agarose gel stained with ethidium bromide and 

visualized under UV trans-illuminator. 
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Table 2: Detection of biofilm-producing genes by using PCR. 

Genes 
Initial denaturation 

(° C/ min) 
Denaturation 

(° C / sec) 
Annealing 
(° C / sec) 

Extension 
(° C / sec) 

Final extension 
(° C/ min) 

Cycles 

icaA 94 / 3 94 / 60 54 / 39 72 / 60 72 / 7  

30 
icaB 94 / 5 94 / 60 52 / 30 72 / 90 72 / 10 

icaC 95 / 15 94 / 30 60 / 90 72 / 90 72 / 10  

icaD 95 /15 94 / 30 60 / 90 72 / 90 72 / 10  

35 
fnbB 95 / 15 94 / 30 60 / 90 72 / 90 72 / 10 

clfB 95 / 15 94 / 30 60 / 90 72 / 90 72 / 10  

 
 

Every biofilm-producing gene has its own capability of 

colonizing the human body that is why PCR reaction 

for each strain was different. . It was observed that the 

strain with more number of biofilm-producing genes was 

able to highly colonize the human body. In addition, they 

were able to enhance the resistance to antibiotics and 

pathogenesis. 

 

Results 
From February 2018 to October 2018, 150 clinical sam- 

ples were collected from patients admitted to surgical 

wards of Azadi teaching hospital/Kirkuk. Their ages 

ranged from 1 - 75 years. Amongst these, 65.3% (n=98) 

were females and 34.7% (n=52) were males. Of all the 

patients, S. aureus isolates were identified in 29 (19.3%) 

samples. Most of the isolates belonged to wound in- 

fections (n=19, 65.5%), followed by 10 urine samples 

(43.5%). Whereas, no S. aureus isolates were identified 

in sputum samples as shown in Table 3. Regarding the 

biofilm producing capability, 9 (24.1%) isolates out of 

 

29 samples produced black colonies on CRA and con- 

sidered as slim producers. 

 

Table 3: Percentage and number of S. aureus 
according to the source of infection. 

Source of isolate Frequency Percentage (%) 

Wound 19 65.5 

Sputum 0 0 

Urine 10 34.5 

Total 29 100 

 

Detection of icaA, icaC, icaD, clfB and fnbB 

genes 
PCR was used to study the biofilm related genes icaC 

and icaD (intercellular adhesion gene C and D), clfB 

(clumping factors B) and fnbB (fibronectin binding pro- 

teins B). Results showed that the icaA gene amplicon 

was present in 7 (77.8%) S. aureus isolates. The size of 

amplified DNA is 814 bp as shown in figure 1. 

 

 

 
Figure 1: Agarose gel (1.5%) with amplicon of S. aureus isolates’ icaA gene. 

 
 

The icaB gene amplicons were present in 5 (55.6%) bio- 

film producing S. aureus isolates. The size of amplified 

DNA is 880 bp (figure 2). 
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Figure 2: Agarose gel (1.5%) with amplicon of S. aureus isolates’ icaB gene. 

 

While 8 (88.9%) biofilm producing S. aureus isolates 

showed positive results for icaC. The size of amplified 

DNA is 209 bp (figure 3). 

 
 

 

Figure 3: Agarose gel (1.5%) with amplicon of S. aureus isolates’ icaC gene. 

 
 

Similar results were also shown by icaD gene as shown in figure 4. The size of amplified DNA is 211 bp 

 
 

Figure 4: Agarose gel (1.5%) with amplicon of S. aureus isolates’ icaD gene. 
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Other genes involved in biofilm formation in S. aureus 

were also studied i.e. clfB and fnbB. The results showed 

that all S. aureus isolates were negative for both these 

genes as shown in figure 5 and 6 respectively. 

 
 

 

Figure 5: Agarose gel (1.5%) with no amplicon of S. aureus isolates’ clfB gene. 

 

Figure 6: Agarose gel (1.5%) with no amplicon of S. aureus isolates’ fnbB gene. 

 

The results of this study indicated the presence of icaA, 

icaB, icaC and icaD genes in 4 (44.4%) of S. aureus bio- 

film forming isolates, whereas 6 (66.7%) isolates were 

found to have icaA, icaC and icaD genes. 

 

Discussion 
Surface-associated bacteria communities are called bio- 

films which usually affect various environments such as 

water pipes and indwelling devices in hospitals. Inves- 

tigating the molecular processes which affect the devel- 

opment and maintenance of these biofilms in hospital 

devices has been increased.[24] In clinical environments, 

these biofilm producing bacteria cause extraordinarily 

high levels of resistance to a wide spectrum of antimi- 

crobial agents in comparison to their planktonic coun- 

terparts.[25] Nosocomial pathogenic agents can infect 

 

patients by forming biofilms not only on materials that 

have been inserted into the body, like implants but also 

on biotic surfaces such as burn wounds.[26] 

 
Current research was performed to investigate the capa- 

bility of production of biofilms and the presence of oper- 

on icaABCD and adherence genes in S. aureus isolates 

from clinical samples of hospitalized patients. Results of 

this study showed that isolates of S. aureus were iden- 

tified in 29 (19.3%) of 150 samples of which 9 (24.1%) 

isolates were biofilm producing i.e. they produced black 

colonies on CRA. These findings are in accordance with 
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other studies which revealed a high prevalence of bio- 

film forming S.aureus isolates in clinical samples.[17, 27, 28] 

However some studies also reported contrasting results. 
[29] It has been observed that icaABCD genes encoding 

polysaccharide inter cellular adhesion (PIA), are more 

able to produce biofilms among S. aureus. Many chronic 

infections related to S. aureus are due to ica dependent 

biofilm formation i.e. they developed by production of 

a “PIA- PNSG/ poly- beta-1, 6-N-acetylglucosamine 

polymer by the “N-acetyl glucose aminyl transferase 

enzyme. This enzyme is however encoded by icaA and 

D genes”.[30] The development of biofilms is affected by 

different environmental aspects for example; glucose, 

lactose or proteases present in culture media, its surface 

area and kind of surface i.e. rough or smooth, the poros- 

ity and charge on the surface. Moreover, different types 

of samples, genome of S. aureus clinical isolate and the 

presence of foreign bodies can also cause variations.[31] 

Staphylococcus Spp. can produce a biofilm on almost 

any synthetic polymer used for prosthetic appliances. 

Moreover, they can also bind to the human cell receptors 

and matrix proteins. The most common infectious agent 

of skin and soft tissue is an opportunistic pathogen S. 

aureus. It is possible for this bacteria to penetrate the 

skin through the surgical puncture or wound barriers 

and induce infection. In addition, it has the tendency to 

attach to tissues and indwelling surgical equipment and 

create a biofilm on them.[32] Biofilms are able to with- 

stand antibiotics concentration of about10-10,000 fold 

higher than those appropriate to inhibit the growth of 

free floating bacteria.[33] Thus periodic production of S. 

aureus biofilm and its pattern of resistance to antibiotics 

might occur, which will contribute to the treatment of 

wound infection as early as possible.[34] 

 
Biofilms are highly diverse mixtures of bacteria which 

are kept closed through jra secreted extracellular ma- 

trix called extracellular polymeric substances (EPS). 

The major EPS in S. aureus and S. epidermidis are PIA 

and capsular polysaccharide/ adhesion (PS / A).[35, 36] The 

PIA is produced as a result of the enzymes expressed by 

the ica operon genes.[28] The present study focused on in- 

vestigating the genes that code for adherence molecules 

and also the tendency of S. aureus isolates to produce 

biofilms. Results showed that amplicons of intercellular 

adhesion icaA and icaB genes were present in 7 (77.8%) 

and 5 (55.6%) of biofilm producing S. aureus isolates 

respectively. Whereas, amplicons of both icaC and D 

genes were found in 8 (88.9%) S. aureus isolates. Sever- 

al studies demonstrated the presence of icaA and icaD 

genes in S. aureus biofilm producing isolates from pa- 

tients with catheter associated infections.[36-40] Another 

study reported the presence of the ica operon in 75% of 

biofilm forming S. aureus isolates.[41] Some other studies 

also revealed that most of the S. aureus strains were har- 

bored with icaD gene as compared to other ica genes.[42] 

On the other hand, another study showed the presence 

of both icaA and icaD genes in all S. aureus isolates.[43] 

Other investigations have found an association between 

production of biofilms and existence of these ica genes. 
[29, 44] From a clinical standpoint, understanding the pri- 

mary adhesive mechanisms in infections may aid in the 

development of preventive and therapeutic measures 

such anti-adhesive coatings or anti-adhesion drugs.[37] 

 
It is believed that the development of Staphylococcus 

biofilm is a two-stage process. The initial step involves 

the attachment of bacterial cells to a substrate’s surface 

while in the second step, biofilm production involves the 

aggregation of bacteria using PIA[45] through adhesion 

of cells. The PIA is found to be regulated by gene lo- 

cus consisting of four intercellular adhesion (icaADBC) 

genes arranged in the structure of an operon.[46] There 

are various genes which contribute to the formation 

and preservation of staphylococci-formed biofilms. The 

most investigated of these genes are the ica A and B 

genes which are required in production of PIA, which 

contains N-acetylglucosamine used for the primary 

constituent of the matrix of exopolysaccharides within 

biofilm.[13, 47, 48] 

 
The icaA is needed for co-expression of icaD and N-

acetylglucosamine which can enhance the capsular 

polysaccharide characteristics[30] and signaling the es- 

sential part the icaD locus which has been identified as 

a virulence factor in S. aureus pathogenesis.[49, 50] The 

ica expression has been been found associated with en- 

vironmental factors.[51, 52] Numerous factors such as low 

doses of antibiotics, osmolality and anaerobic environ- 

ments are recognized as expression enhancers for bio- 

film formation. Furthermore, the operon expression can 

be activated and deactivated by inserting and excising 

the insertion sequence (IS),[53, 54] 

 
All S. aureus isolates in this study were negative for 

both clfB and fnbB genes. These genes are involved in 

the invasion and adhesion of bacteria to surfaces.[55-57] 

However, there are certain studies which showed con- 

trasting results i.e. high prevalence of clfB and fnbB 

adhesion genes in S. aureus and their role in biofilm 

production.[15, 19, 39, 40, 58-60] Fibronectin is a glycoprotein 

which binds to the integrins, fibrin and collagen. These 

are cell membrane proteins which are also present in 

the plasma of the human body. During the coagulation 

of blood, the fibrinogen is converted to insoluble fibrin. 

Fibrinogen binding protein is regarded as a potent vir- 

ulence gene in S. aureus illnesses because it is linked 

to fibrinogen and may interferes with platelet clumping 

and the formation of blood clots.[61] 

 
The protein constituents of outer membrane of 

microorganisms recognize adhesive matrix molecules 

and are highly capable of interacting with laminin- 
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binding protein (lbp), collagen-binding protein (cbp), 

elastin-binding protein (ebp), fibrinogen-binding protein 

(fib) and fibronectin-binding proteins (A,B). Moreover, 

they also interact with host extracellular matrix 

proteins (fnbA and fnbB) and clumping factors A and 

B (clfA, clfB).[62] The primary constituent of the biofilm 

development in the S. aureus strains is a polysaccharide 

intercellular adhesion expressed by the ica operon (icaA, 

icaB, icaC, icaD).[63] 

 

Conclusion 
According to our findings, biofilm formation was pres- 

ent in S. aureus isolates with frequencies of the adhesion 

ica encoding genes. These results revealed the impor- 

tance of ica operon in biofilm production. However, all 

biofilm producing isolates were negative for clfB and 

fnbB gene. 

 

References 
1. O’Toole G, Kaplan HB, Kolter R. Biofilm forma- 

tion as microbial development. Annu Rev Micro- 

biol. 2000; 54: 49-79. doi: https://doi.org/10.1146/ 

annurev.micro.54.1.49. 

2. Hall-Stoodley L, Stoodley P. Biofilm formation and 

dispersal and the transmission of human pathogens. 

Trends Microbiol. 2005; 13(1): 7-10. doi: https://doi. 

org/10.1016/j.tim.2004.11.004. 

3. Møretrø T, Hermansen L, Holck AL, Sidhu MS, Rudi 

K, Langsrud S. Biofilm formation and the presence of 

the intercellular adhesion locus ica among staphylo- 

cocci from food and food processing environments. 

Appl Environ Microbiol. 2003; 69(9): 5648-55. doi: 

https://doi.org/10.1128/aem.69.9.5648-5655.2003. 

4. Boles BR, Thoendel M, Roth AJ, Horswill AR. Iden- 

tification of genes involved in polysaccharide-inde- 

pendent Staphylococcus aureus biofilm formation. 

PLoS One. 2010; 5(4): e10146. doi: https://doi. 

org/10.1371/journal.pone.0010146. 

5. Brady RA, Leid JG, Calhoun JH, Costerton JW, 

Shirtliff ME. Osteomyelitis and the role of biofilms 

in chronic infection. FEMS Immunol Med Microbi- 

ol. 2008; 52(1): 13-22. doi: https://doi.org/10.1111/ 

j.1574-695x.2007.00357.x. 

6. Wertheim HF, Melles DC, Vos MC, et al. The role of 

nasal carriage in Staphylococcus aureus infections. 

Lancet Infect Dis. 2005; 5(12): 751-62. doi: https:// 

doi.org/10.1016/s1473-3099(05)70295-4. 

7. van Hal SJ, Jensen SO, Vaska VL, Espedido BA, 

Paterson DL, Gosbell IB. Predictors of mortality 

in Staphylococcus aureus Bacteremia. Clin Mi- 

crobiol Rev. 2012; 25(2): 362-86. doi: https://doi. 

org/10.1128/cmr.05022-11. 

8. Chambers HF, Deleo FR. Waves of resistance: 

Staphylococcus aureus in the antibiotic era. Nat 

Rev Microbiol. 2009; 7(9): 629-41. doi: https://doi. 

org/10.1038/nrmicro2200. 

9. Lew DP, Waldvogel FA. Osteomyelitis. Lan- 

cet. 2004; 364(9431): 369-79. doi: https://doi. 

org/10.1016/s0140-6736(04)16727-5. 

10. Werdan K, Dietz S, Löffler B, et al. Mechanisms 

of infective endocarditis: pathogen-host interaction 

and risk states. Nat Rev Cardiol. 2014; 11(1): 35- 

50. doi: https://doi.org/10.1038/nrcardio.2013.174. 

11. Otter JA, Vickery K, Walker JT, et al. Surface-at- 

tached cells, biofilms and biocide susceptibility: 

implications for hospital cleaning and disinfection. 

J Hosp Infect. 2015; 89(1): 16-27. doi: https://doi. 

org/10.1016/j.jhin.2014.09.008. 

12. Vuong C, Kocianova S, Voyich JM, et al. A crucial 

role for exopolysaccharide modification in bacterial 

biofilm formation, immune evasion, and virulence. 

J Biol Chem. 2004; 279(52): 54881-6. doi: https:// 

doi.org/10.1074/jbc.m411374200. 

13. Fitzpatrick F, Humphreys H, O’Gara JP. The ge- 

netics of staphylococcal biofilm formation--will a 

greater understanding of pathogenesis lead to better 

management of device-related infection? Clin Mi- 

crobiol Infect. 2005; 11(12): 967-73. doi: https:// 

doi.org/10.1111/j.1469-0691.2005.01274.x. 

14. Brook I, Foote PA, Hausfeld JN. Increase in the 

frequency of recovery of meticillin-resistant Staph- 

ylococcus aureus in acute and chronic maxillary si- 

nusitis. J Med Microbiol. 2008; 57(Pt 8): 1015-17. 

doi: https://doi.org/10.1099/jmm.0.2008/000851-0. 

15. Beenken KE, Dunman PM, McAleese F, et al. 

Global gene expression in Staphylococcus aureus 

biofilms. J Bacteriol. 2004; 186(14): 4665-84. doi: 

https://doi.org/10.1128/jb.186.14.4665-4684.2004. 

16. Luther MK, Parente DM, Caffrey AR, et al. Clin- 

ical and Genetic Risk Factors for Biofilm-Form- 

ing Staphylococcus aureus. Antimicrob Agents 

Chemother. 2018; 62(5): e02252-17. doi: https:// 

doi.org/10.1128/aac.02252-17. 

17. Yazdani R OM, Havayi A, Pishva E, Salehi R, Sa- 

deghizadeh M, Foroohesh H. Detection of icaAD 

gene and biofilm formation in Staphylococcus au- 

reus isolates from wound infections. Iran J Public 

Health. 2006; 35(2): 25-28. Available from: https:// 

www.sid.ir/en/Journal/ViewPaper.aspx?ID=43188. 

18. Nourbakhsh F, Namvar AE. Detection of genes in- 

volved in biofilm formation in Staphylococcus au- 

reus isolates. GMS Hyg Infect Control. 2016; 11: 

Doc07. doi: https://doi.org/10.3205/dgkh000267. 

19. Goudarzi M, Mohammadi A, Amirpour A, et al. 

Genetic diversity and biofilm formation analysis 

of Staphylococcus aureus causing urinary tract 

infections in Tehran, Iran. J Infect Dev Ctries. 

2019; 13(9): 777-85. doi: https://doi.org/10.3855/ 

jidc.11329. 

20. Brook I, Foote PA. Isolation of methicillin resis- 

tant Staphylococcus aureus from the surface and 

core of tonsils in children. Int J Pediatr Otorhino- 

laryngol. 2006; 70(12): 2099-102. doi: https://doi. 

org/10.1016/j.ijporl.2006.08.004. 

http://www.sid.ir/en/Journal/ViewPaper.aspx?ID=43188


Detection of biofilm-forming genes in Staphylococcus aureus clinical isolates by PCR assay 

38 Journal of Natural Science, Biology and Medicine ¦ Volume 13 ¦ Issue 1 ¦ January-December 2022 

 

 

 

21. Hassan A, Usman J, Kaleem F, Omair M, Khalid A, 

Iqbal M. Evaluation of different detection methods 

of biofilm formation in the clinical isolates. Braz 

J Infect Dis. 2011; 15(4): 305-11. Available from: 

https://www.scielo.br/pdf/bjid/v15n4/v15n4a02. 

pdf. 

22. Diemond-Hernández B, Solórzano-Santos F, 

Leaños-Miranda B, Peregrino-Bejarano L, Miran- 

da-Novales G. Production of icaADBC-encoded 

polysaccharide intercellular adhesin and therapeu- 

tic failure in pediatric patients with Staphylococcal 

device-related infections. BMC Infect Dis. 2010; 

10(1): 68. doi: https://doi.org/10.1186/1471-2334- 

10-68. 

23. Piechota M,   Kot   B,   Frankowska-Maciejews- 

ka A, Grużewska A, Woźniak-Kosek A. Biofilm 

Formation by Methicillin-Resistant and Meth- 

icillin-Sensitive Staphylococcus aureus Strains 

from Hospitalized Patients in Poland. Biomed 

Res Int. 2018; 2018: 4657396. doi: https://doi. 

org/10.1155/2018/4657396. 

24. Stoodley P, Sauer K, Davies DG, Costerton JW. Bio- 

films as complex differentiated communities. Annu 

Rev Microbiol. 2002; 56: 187-209. doi: https://doi. 

org/10.1146/annurev.micro.56.012302.160705. 

25. Lewis K. Multidrug tolerance of biofilms and per- 

sister cells. Curr Top Microbiol Immunol. 2008; 

322: 107-31. doi: https://doi.org/10.1007/978-3- 

540-75418-3_6. 

26. Jensen AG, Wachmann CH, Poulsen KB, et al. 

Risk factors for hospital-acquired Staphylococ- 

cus aureus bacteremia. Arch Intern Med. 1999; 

159(13): 1437-44. doi: https://doi.org/10.1001/ 

archinte.159.13.1437. 

27. Neopane P, Nepal HP, Shrestha R, Uehara O, Abiko 

Y. In vitro biofilm formation by Staphylococcus au- 

reus isolated from wounds of hospital-admitted pa- 

tients and their association with antimicrobial resis- 

tance. Int J Gen Med. 2018; 11: 25-32. doi: https:// 

doi.org/10.2147/ijgm.s153268. 

28. Gad GF, El-Feky MA, El-Rehewy MS, Hassan 

MA, Abolella H, El-Baky RM. Detection of icaA, 

icaD genes and biofilm production by Staphylococ- 

cus aureus and Staphylococcus epidermidis isolat- 

ed from urinary tract catheterized patients. J Infect 

Dev Ctries. 2009; 3(5): 342-51. doi: https://doi. 

org/10.3855/jidc.241. 

29. Nasr RA, AbuShady HM, Hussein HS. Biofilm for- 

mation and presence of icaAD gene in clinical iso- 

lates of staphylococci. Egyptian journal of medical 

human genetics. 2012; 13(3): 269-74. doi: https:// 

doi.org/10.1016/j.ejmhg.2012.04.007. 

30. Satorres SE, Alcaráz LE. Prevalence of icaA and 

icaD genes in Staphylococcus aureus and Staphy- 

lococcus epidermidis strains isolated from patients 

and hospital staff. Cent Eur J Public Health. 2007; 

15(2): 87-90. doi: https://doi.org/10.21101/cejph. 

a3396. 

31. Lotfi G, Hafida H, Nihel K, et al. Detection of bio- 

film formation of a collection of fifty strains of 

Staphylococcus aureus isolated in Algeria at the 

University Hospital of Tlemcen. African Journal of 

Bacteriology Research. 2014; 6(1): 1-6. doi: https:// 

doi.org/10.5897/JBR2013.0122. 

32. Tong SY, Davis JS, Eichenberger E, Holland TL, 

Fowler VG, Jr. Staphylococcus aureus infections: 

epidemiology, pathophysiology, clinical mani- 

festations, and management. Clin Microbiol Rev. 

2015; 28(3): 603-61. doi: https://doi.org/10.1128/ 

cmr.00134-14. 

33. Anderson GG, O’Toole GA. Innate and induced 

resistance mechanisms of bacterial biofilms. Curr 

Top Microbiol Immunol. 2008; 322: 85-105. doi: 

https://doi.org/10.1007/978-3-540-75418-3_5. 

34. Mohammed AED, Mohamed M, Goda A, Mo- 

hamed SR. Biofilm Formation of Staphylococcus 

aureus Isolated from Infected Wound. Sohag Medi- 

cal Journal. 2018; 22(3): 163-77. doi: https://dx.doi. 

org/10.21608/smj.2018.32143. 

35. McKenney D, Hübner J, Muller E, Wang Y, Gold- 

mann DA, Pier GB. The ica locus of Staphylococ- 

cus epidermidis encodes production of the capsu- 

lar polysaccharide/adhesin. Infect Immun. 1998; 

66(10): 4711-20. doi: https://doi.org/10.1128/ 

iai.66.10.4711-4720.1998. 

36. Cramton SE, Gerke C, Schnell NF, Nichols WW, 

Götz F. The intercellular adhesion (ica) locus 

is present in Staphylococcus aureus and is re- 

quired for biofilm formation. Infect Immun. 1999; 

67(10): 5427-33. doi: https://doi.org/10.1128/ 

iai.67.10.5427-5433.1999. 

37. Arciola CR, Baldassarri L, Montanaro L. Pres- 

ence of icaA and icaD genes and slime produc- 

tion in a collection of staphylococcal strains from 

catheter-associated infections. J Clin Microbiol. 

2001; 39(6): 2151-6. doi: https://doi.org/10.1128/ 

jcm.39.6.2151-2156.2001. 

38. Khadije RK, Sargazi A, Hassansnhahian M, Sha- 

hi Z. Detection of Intracellular Adhesion (ica) and 

Biofilm Formation Genes in Staphylococcus aureus 

Isolates from Clinical Samples. Research in Molec- 

ular Medicine. 2017; 5(1): 40-43. doi: http://dx.doi. 

org/10.29252/rmm.5.1.40. 

39. Khasawneh AI, Himsawi N, Abu-Raideh J, et al. 

Status of Biofilm-Forming Genes among Jorda- 

nian Nasal Carriers of Methicillin-Sensitive and 

Methicillin-Resistant Staphylococcus aureus. Iran 

Biomed J. 2020; 24(6): 386-98. doi: https://doi. 

org/10.29252/ibj.24.6.381. 

40. Azmi K, Qrei W, Abdeen Z. Screening of genes 

encoding adhesion factors and biofilm produc- 

tion in methicillin resistant strains of Staphylo- 

coccus aureus isolated from Palestinian patients. 

BMC Genomics. 2019; 20(1): 578. doi: https://doi. 

org/10.1186/s12864-019-5929-1. 

http://www.scielo.br/pdf/bjid/v15n4/v15n4a02
http://dx.doi/


Detection of biofilm-forming genes in Staphylococcus aureus clinical isolates by PCR assay 

39 Journal of Natural Science, Biology and Medicine ¦ Volume 13 ¦ Issue 1 ¦ January-December 2022 

 

 

 

41. Eftekhar F, Dadaei T. Biofilm formation and detec- 

tion of icaAB genes in clinical isolates of methi- 

cillin resistant Staphylococcus aureus. Iran J Ba- 

sic Med Sci. 2011; 14(2): 132-36. Available from: 

http://ijbms.mums.ac.ir/article_4978.html. 

42. Mirzaee M, Najar-Peerayeh S, Behmanesh M, 

Forouzandeh-Moghadam M, Ghasemian A-M. De- 

tection of intracellular adhesion (ica) gene and bio- 

film formation Staphylococcus aureus isolates from 

clinical blood cultures. Journal of Medical Bacte- 

riology. 2014; 3(1-2): 1-7. Available from: https:// 

jmb.tums.ac.ir/index.php/jmb/article/view/8. 

43. Torlak E, Korkut E, Uncu AT, Şener Y. Biofilm 

formation by Staphylococcus aureus isolates from 

a dental clinic in Konya, Turkey. J Infect Pub- 

lic Health. 2017; 10(6): 809-13. doi: https://doi. 

org/10.1016/j.jiph.2017.01.004. 

44. Ghasemian A, Najar Peerayeh S, Bakhshi B, Mir- 

zaee M. Comparison of Biofilm Formation between 

Methicillin-Resistant and Methicillin-Susceptible 

Isolates of Staphylococcus aureus. Iran Biomed J. 

2016; 20(3): 175-81. doi: https://doi.org/10.7508/ 

ibj.2016.03.007. 

45. Mack D, Fischer W, Krokotsch A, et al. The inter- 

cellular adhesin involved in biofilm accumulation 

of Staphylococcus epidermidis is a linear beta-1,6- 

linked glucosaminoglycan: purification and struc- 

tural analysis. J Bacteriol. 1996; 178(1): 175-83. 

doi: https://doi.org/10.1128/jb.178.1.175-183.1996. 

46. Heilmann C, Schweitzer O, Gerke C, Vanittanakom 

N, Mack D, Götz F. Molecular basis of intercellu- 

lar adhesion in the biofilm-forming Staphylococcus 

epidermidis. Mol Microbiol. 1996; 20(5): 1083- 

91. doi: https://doi.org/10.1111/j.1365-2958.1996. 

tb02548.x. 

47. Rohde H, Burandt EC, Siemssen N, et al. Poly- 

saccharide intercellular adhesin or protein fac- 

tors in biofilm accumulation of Staphylococcus 

epidermidis and Staphylococcus aureus isolated 

from prosthetic hip and knee joint infections. Bio- 

materials. 2007; 28(9): 1711-20. doi: https://doi. 

org/10.1016/j.biomaterials.2006.11.046. 

48. Fitzpatrick F, Humphreys H, O’Gara JP. Evidence 

for icaADBC-independent biofilm development 

mechanism in methicillin-resistant Staphylococ- 

cus aureus clinical isolates. J Clin Microbiol. 

2005; 43(4): 1973-6. doi: https://doi.org/10.1128/ 

jcm.43.4.1973-1976.2005. 

49. Rooijakkers SH, van Kessel KP, van Strijp JA. 

Staphylococcal innate immune evasion. Trends 

Microbiol. 2005; 13(12): 596-601. doi: https://doi. 

org/10.1016/j.tim.2005.10.002. 

50. O’Gara JP. ica and beyond: biofilm mechanisms 

and regulation in Staphylococcus epidermidis and 

Staphylococcus aureus. FEMS Microbiol Lett. 

2007; 270(2): 179-88. doi: https://doi.org/10.1111/ 

j.1574-6968.2007.00688.x. 

51. Cramton SE, Ulrich M, Götz F, Döring G. Anaer- 

obic conditions induce expression of polysaccha- 

ride intercellular adhesin in Staphylococcus aureus 

and Staphylococcus epidermidis. Infect Immun. 

2001; 69(6): 4079-85. doi: https://doi.org/10.1128/ 

iai.69.6.4079-4085.2001. 

52. Rachid S, Ohlsen K, Witte W, Hacker J, Ziebuhr W. 

Effect of subinhibitory antibiotic concentrations on 

polysaccharide intercellular adhesin expression in 

biofilm-forming Staphylococcus epidermidis. Antimi- 

crob Agents Chemother. 2000; 44(12): 3357-63. doi: 

https://doi.org/10.1128/aac.44.12.3357-3363.2000. 

53. Cho SH, Naber K, Hacker J, Ziebuhr W. Detection 

of the icaADBC gene cluster and biofilm formation 

in Staphylococcus epidermidis isolates from cath- 

eter-related urinary tract infections. Int J Antimi- 

crob Agents. 2002; 19(6): 570-5. doi: https://doi. 

org/10.1016/s0924-8579(02)00101-2. 

54. Ziebuhr W, Krimmer V, Rachid S, Lössner I, Götz 

F, Hacker J. A novel mechanism of phase variation 

of virulence in Staphylococcus epidermidis: evi- 

dence for control of the polysaccharide intercellular 

adhesin synthesis by alternating insertion and exci- 

sion of the insertion sequence element IS256. Mol 

Microbiol. 1999; 32(2): 345-56. doi: https://doi. 

org/10.1046/j.1365-2958.1999.01353.x. 

55. Taneike I, Otsuka T, Dohmae S, et al. Molecular na- 

ture of methicillin-resistant Staphylococcus aureus 

derived from explosive nosocomial outbreaks of the 

1980s in Japan. FEBS Lett. 2006; 580(9): 2323-34. 

doi: https://doi.org/10.1016/j.febslet.2006.03.049. 

56. Kumar R, Yadav B, Anand S, Singh R. Prevalence 

of adhesin and toxin genes among isolates of Staph- 

ylococcus aureus obtained from mastitic cattle. 

World Journal of Microbiology and Biotechnology. 

2011; 27(3): 513-21. doi: https://doi.org/10.1007/ 

s11274-010-0483-7. 

57. Serray B, Oufrid S, Hannaoui I, et al. Genes encod- 

ing adhesion factors and biofilm formation in meth- 

icillin-resistant Staphylococcus aureus in Morocco. 

J Infect Dev Ctries. 2016; 10(8): 863-9. doi: https:// 

doi.org/10.3855/jidc.8361. 

58. Arciola CR, Campoccia D, Gamberini S, Baldassarri 

L, Montanaro L. Prevalence of cna, fnbA and fnbB 

adhesin genes among Staphylococcus aureus isolates 

from orthopedic infections associated to different types 

of implant. FEMS Microbiol Lett. 2005; 246(1): 81-6. 

doi: https://doi.org/10.1016/j.femsle.2005.03.035. 

59. Moreillon P, Entenza JM, Francioli P, et al. Role 

of Staphylococcus aureus coagulase and clumping 

factor in pathogenesis of experimental endocarditis. 

Infect Immun. 1995; 63(12): 4738-43. doi: https:// 

doi.org/10.1128/iai.63.12.4738-4743.1995. 

60. McCarthy H, Rudkin JK, Black NS, Gallagher L, 

O’Neill E, O’Gara JP. Methicillin resistance and the 

biofilm phenotype in Staphylococcus aureus. Front 

Cell Infect Microbiol. 2015; 5: 1-9. doi: https://doi. 

org/10.3389/fcimb.2015.00001. 

http://ijbms.mums.ac.ir/article_4978.html


Detection of biofilm-forming genes in Staphylococcus aureus clinical isolates by PCR assay 

40 Journal of Natural Science, Biology and Medicine ¦ Volume 13 ¦ Issue 1 ¦ January-December 2022 

 

 

 

61. Shannon O, Flock JI. Extracellular fibrinogen 

binding protein, Efb, from Staphylococcus aureus 

binds to platelets and inhibits platelet aggregation. 

Thromb Haemost. 2004; 91(4): 779-89. doi: https:// 

doi.org/10.1160/th03-05-0287. 

62. Singh R, Kumar R, Yadav B. Distribution of patho- 

genic factors in Staphylococcus aureus strains iso- 

lated from intra-mammary infections in cattle and 

buffaloes. Indian Journal of Biotechnology (IJBT). 

2011; 10: 410-16. Available from: http://hdl.handle. 

net/123456789/12977. 

63. Seo YS, Lee DY, Rayamahji N, Kang ML, Yoo HS. 

Biofilm-forming associated genotypic and pheno- 

typic characteristics of Staphylococcus spp. isolated 

from animals and air. Res Vet Sci. 2008; 85(3): 433- 

8. doi: https://doi.org/10.1016/j.rvsc.2008.01.005. 

http://hdl.handle/

