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This study was aimed at investigating: (i) three adhesin genes (clf A, fnb A and cna) in Staphylococus 
aureus strains, (ii) the presence of slime (ica A and ica D genes) in both Staphylococus epidermidis and 
S. aureus strains isolated from surgical wounds. The slime and adhesin genes were detected by 
multiplex PCR. The ica A/ica D positivity rates were determined as 66.2% (104/157) in a total of 157 
staphylococcal strains. While the occurance rate of slime genes was 69.6% (48/69) among the S. 
epidermidis, this ratio was 63.6% (56/88) among the S.aureus isolates. No statistically significant 
difference was found between S. epidermidis and S. aureus isolates in terms of the presence of slime 
genes (p > 0.05). Among the 88 S. aureus strains, almost all of the strains were positive for fnb A gene 
(97.7%). The cna and clf A positivity rates were detected in 69 (78.4%) and 45 (51.1%) isolates, 
respectively. The ica A and ica D genes responsible for slime production have been found to have high 
prevalence. Also, the frequency of adhesin genes was determined at a high rate in S. aureus strains 
isolated from surgical wounds. Molecular identification of virulent staphylococcal strains may help in 
management in clinical decision making.  
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INTRODUCTION 
  
Microbial colonization in wounds is one of the most 
important problems in the treatment of hospitalized 
patient. Both Staphylococcus aureus (S. aureus) and 
Staphylococcus epidermidis (S. epidermidis) are the 
leading cause of wound and hospital acquired infections 
worldwide. S. aureus and S. epidermidis have emerged 
as the leading cause of postoperative infection in 
orthopaedic surgery patients. These microorganisms are 
closely associated with substantial morbidity and 
mortality. Both S. epidermidis and S. aureus are 
concerned polysaccharide intercellular adhesin (PIA, also 
called biofilm). PIA is one of the most important virulence 
determinants that facilitate to adherence and colonization 
of bacteria (Tojo et al., 1998). The mortality and morbidity 
associated with slime infections are very high among 
orthopaedic patients. These infections require additional 
treatment process such as repeated surgeries and 
prolonged  antibiotic    therapy    (Drancourt et al.,   1993;  
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Kumar and Prasad, 2006).  
PIA synthesis is closely related with the expression of 

ica A and ica D genes. The main function of ica A is that 
it is responsible for the synthesis of the N-acetyl-D-
glucosamine polymer structure. �ca A expression in 
collaboration with ica D provides a significant increase in 
enzymatic activity. The capsular polysaccharide occurs 
as a result of this coexpression of ica A with ica D (Gerke 
et al., 1998). 

To enter into host cells and create infection, bacterial 
adhesion is one of the most significant steps. Bacterial 
adhesion genes have been shown to play important roles 
in the initiation of bacterial infection. The microorganisms 
carrying the adhesion genes are quite important in terms 
of surgical wound infections. 

S. aureus is one of the most important pathogens 
responsible for both acute and chronic nosocomial 
infections. Some staphylococcal adhesins such as 
fibronectin (Herrmann et al., 1988), fibrinogen (McDevitt 
et al., 1988) and collagen (Patti et al., 1995) are among 
the most important Staphylococcal virulence factors. It 
was reported that some these adhesins such as fnb A 
(fibronectin-binding proteins),    clf A    (fibrinogen-binding  



 
 
 
 
proteins) and Cna (collagen-binding protein) can affect 
the bacterial binding to surface of the host. Clf A, cna, fnb 
A proteins in the pathogenesis of the various infections 
have been found to play an important role in the 
pathogenesis of various infections. Cna, fnb A proteins 
have been demonstrated to contribute to tissue 
colonization in various infections such as medical device-
related infections. Patients who have orthopaedic 
implants inserted are more prone to infections of these 
kinds of microorganisms, since these adhesins allow the 
bacteria to be adsorbed on orthopaedic medical devices 
or the specifically interaction with the plasma or 
extracellular matrix proteins of the host cell (Jett and 
Gilmore, 2002; Smeltzer and Gillaspy, 2000; Cheung and 
Fischetti, 1991). 

Clumping factor A is a surface-associated adhesins of 
S. aureus. It improves binding of the bacteria to both 
soluble and immobilized fibrinogen (Hair et al., 2008). 
Fnb A proteins are basic virulence factors of the S. 
aureus cell wall (Schwarz-Linek et al., 2006). The fnb A 
and cna adhesins of Staphylococci have been shown to 
help to tissue colonization in orthopaedic surgical 
infections (Arciola et al., 2005a).  

Wound infections created by biofilm forming S. aureus 
and S. epidermidis are particularly challenging infections 
in terms of treatment. Also, a close relation was reported 
between slime production and fnb A gene. In a study 
conducted by O’Neil et al., it was determined that the fnb 
A proteins of the S. aureus strains promoted the biofilm 
accumulation (O'Neill et al., 2009).  

Molecular methods are the most conveinent tecniques 
for the detection of the slime and adhesin producing 
strains (Arciola et al., 2001). The determinations of the 
slime and adhesin genes are often preferred to PCR-
based molecular methods in the various studies. The 
presences of slime and adhesin genes were detected by 
multiplex PCR (polymerase chain reaction).  

In this study, we aimed to investigate: (i) some adhesin 
genes (Clf A, fnb A, cna) in S.aureus strains and (ii) the 
presence of slime (ica A and ica D genes) in both S. 
epidermidis and S. aureus strains isolated from surgical 
wounds. 
 
  
MATERIALS AND METHODS 
  
This study was performed in the department of Microbiology and 
Clinical Microbiology, Medical Faculty of Mustafa Kemal University, 
Hatay. Wound samples were collected from the patients in 
orthopaedics service for the isolation of Staphylococci. A total of 69 
S. epidermidis and 88 S. aureus isolates were included in this 
study.  
 
  
Bacteriological specimens 
  
Wound samples were taken from the patients treated in the 
department of Orthopedics. A total of 157 wound isolates were 
included in the study. The wound samples were taken from the 
patients and placed in transport media. They were sent immediately  
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to the microbiology laboratory for the microbial evaluations. And 
then, the samples were inoculated onto 5% sheep blood agar 
plates (Difco Laboratories, Detroit, USA) plates. The plates were 
incubated at 37°C for 48 h. All staphylococcal isolates were 
identified by conventional microbiological techniques. The 
identification of Staphylococci was on the basis of colony 
morphology, gram staining, biochemical tests such as catalase and 
coagulase tests (Holt et al., 1994). Isolated Staphylococcal strains 
were stored at -70°C in Mueller-Hinton Broth (Merck, Germany) 
supplemented with 40% glycerol (v/v). 
 
  
Bacterial strains 
  
As control strains, S. epidermidis ATCC 35984 and ATCC 12228 
were included. S. epidermidis ATCC 35984 and ATCC 12228 were 
selected as slime-producing and the non-slime-producing control 
strains, respectively. 
 
 
Slime production 
  
The presence of slime production of all staphylococcal isolates was 
evaluated by Congo red agar method phenotypically as previously 
described by Freeman et al. (1989). Congo red medium contained 
the following agents: 37 g/l brain heart infusion broth, 50 g/l 
sucrose, 10 g/l agar and 0.8 g/l Congo red. Bacterial strains (S. 
aureus and S. epidermidis strains) were cultured onto Congo red 
agar (CRA). The assay plates were incubated at 37°C for 24 h. All 
plates were examined in terms of color changes after 24 to 48 h of 
incubation. A black discoloration of the colony was interpreted as a 
positive test result. When non-slime producing bacteria grew in 
culture plate, the color of the bacterial colonies did not change. 
Congo red agar-plate cultures were evaluated by two independent 
observers for the detection of slime synthesis. 
 
 
DNA isolation 
 
For nucleic acid isolation from staphylococcal isolates, the frozen 
samples were thawed rapidly and all bacterial strains were 
cultivated in brain-heart infusion broth (Merck, Germany) at 37°C 
with shaking overnight. Total DNA was isolated from 5 ml of a broth 
culture grown overnight for all bacterial strains used in the study. 
The DNA extraction procedure has been described previously by 
Johnson et al. (1991). After incubation, bacterial cells were 
harvested by centrifugation at 3.000 × g for 10 min. After 
centrifugation, the cell pellet was re-suspended in in phosphate-
buffered saline with 100 �g of lysostaphin (Sigma) per ml, and 
incubated at 37°C for 30 min. The classic phenol/chloroform 
extraction method was used for nucleic acid extraction from the 
staphylococcal samples and DNA was precipitated in 1 ml 70% 
ethanol. The DNA precipitate was dissolved in 50 �L of TE buffer 
(10 mM Tris chloride-1 mM EDTA [pH 8.0], and stored at -20°C until 
processing. 
 
 
PCR methods protocols 
 
PCR method for fnb A, cna and clf A  
  
While the oligonucleotide primers for the fnb A and cna genes were 
selected from the research of Arciola et al., 2005a, the primer of clf 
A gene was selected from a research article of McDevitt et al. 
(1995) (Table 1). 

 The PCR amplification was performed in a 25 �L reaction 
mixture. The PCR was performed under the following parameters: 
The reaction mixture consisted of 2.5 mL   of   10x   reaction   buffer  
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Table 1. The primer sequences and predicted sizes used in the multiplex PCRs for fnb A, cna and clf A. 
 

Gene Primer Oligonucleotide sequence (5’-3’) Size of amplified product (bp) 

clf A 
clf A-1 
clf A-2 

CCGGATCCGTAGCTGCAGATGCACC 
GCTCTAGATCACTCATCAGGTTGTTCAGG 

1000 

fnb A 
fnb A-1 
fnb A-2 

GATACAAACCCAGGTGGTGG 
TGTGCTTGACCATGCTCTTC� 

191 

cna 
cna-1 
cna-1 

AAAGCGTTGCCTAGTGGAGA 
AGTGCCTTCCCAAACCTTTT 

192 

 
 
 

Table 2. The primer sequences and predicted sizes used in the multiplex PCRs for ica A and ica D. 
 

Gene Primer Oligonucleotide sequence (5’-3’) Size of amplified product (bp) 

ica A 
ica A-1 
ica A-2 

CCTAACTAACGAAAG GTAG 
AAGATATAGCGATAA GTGC 

1315 

ica D 
ica D-1 
ica D-2 

AAACGTAAGAGAGGT GG 
GGCAATATGATCAAG ATAC 

381 

 
 
 
without MgCl2 (Promega Corp.); 200 �M of each deoxynucleoside 
triphospate (AB Gene, UK), 2 mM MgCl2; 0.4 µM of primers for clf 
A, fnb A and cna and approximately 10 ng of template DNA, and 
brought up to a 25 �L final volume with distilled water. Reactions 
were hot started for 5 min at 94°C and placed on ice, and 1 U of 
Taq polymerase (Fermentas, USA) was added. Reaction mixtures 
were subjected to 25 PCR cycles (1 min at 94°C, 1 min at 55°C and 
1 min at 72°C). A final elongation step at 72°C for 10 min was also 
applied in a thermal cycler (Bioder/Thermal Blocks xp cycler, Tokyo 
Japan). 
 
 
PCR method for ica A and ica D 
  
Primers specific for ica A and ica D were selected from the studies 
of Cramton et al. (1999) and Vasudevan et al. (2003), respectively 
(Table 2). Multiplex PCR assay was carried out for the detection of 
ica A and ica D genes in all Staphylococcal strains. The PCR 
amplification was carried out in a total volume of 25 µl. PCR 
amplification was achieved as follows: 5 µl of genomic DNA 
(approximately 50 ng) sample was added to 20 µl of PCR mixture 
(20 mmol/L Tris-HCl, pH 8.4; 50 mmol/L KCl, 10 mmol/L MgCl2) 
and 200 µmol/L each of deoxynucleoside triphosphates (dNTPs), 
0.6 µmol/L each primers and 1 U Taq DNA polymerase. The 
amplification process was started with an initial denaturation step 
(94°C, 4 min). Each cycle consists of three steps (denaturation, 
annealing and extension). Each PCR reaction consisted of 30 
cycles of amplification. Amplification consisted of denaturation at 
94°C for 45 s, annealing at 52°C for 30 s and DNA chain extension 
at 72°C for 1 min. And a final extension cycle was performed at 
72°C for 7 min. 

After the amplification of the slime and adhesin genes, 10 µL 
volumes of PCR samples were mixed with 3 µL of loading buffer 
(10%, w/v, ficoll 400; 10 mmol/L Tris-HCl, pH 7.5; 50 mmol/L EDTA; 
0.25 % bromophenol blue). The PCR products were analyzed in a 
2% (w/v) agarose gel in 1xTAE buffer (40 mmol/L Tris-acetate, 1 
mmol/L EDTA). Ethidium bromide (0.5 µg/mL TAE)-stained DNA 
amplicons were visualized using a gel imaging system (Wealtec, 
Dolphin-View, USA).  

Statistical analysis 
  
All data were analyzed by �2 test. The p value <0.05 was 
considered significant. The statistical analyses in the present study 
were done by using Statistical Package for Social Sciences (SPSS1 
for Windows V. 11.5, Chicago, USA) software.  
 
  
RESULTS 
  
In the present study, both the presence of slime genes 
(ica A and ica D) and phenotpically slime production on 
congo red agar were investigated in all staphylococcal 
strains.  

The presence of the ica A and ica D genes was searched 
in 69 S. epidermidis, 88 S. aureus isolates and the reference 
strains. To determine the expected bp lengths (381, for 
the ica D, 1315, for the ica A bp), DNA marker with 
defined molecular weights in the range 100 to 2000 and 
reference strain were used (Figure 1). 

The ica A/ica D positivity rates were determined as 
66.2% (104/157) in a total of 157 staphylococcal strains. 
While the occurance rate of slime genes was 69.6% 
(48/69) among the S. epidermidis, this ratio was 63.6% 
(56/88) among the S. aureus isolates. No statistically 
significant difference was found between S. epidermidis 
and S. aureus isolates in terms of the presence of slime 
genes (p > 0.05). 

S. epidermidis ATCC 35984 was selected as the slime 
positive control strain (containing both ica A and ica D 
genes). On the contrary, S. epidermidis ATCC 12228 was 
selected as a negative control strains (not containing both 
ica A and ica D genes).  

Slime-forming ability was evaluated on Congo red agar 
method, phenotypically (Figures 2 and 3).  
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Figure 1. Multiplex PCR amplification products by agarose gel 
electrophoresis for the ica A and ica D genes. Lanes 1: Negative control, 
Lane 2: DNA molecular size marker (100 bp ladder), Lane 3, 4 and 5:; 
ica D (381 bp) and ica A (1315 bp). 

 
 
 

 
 
Figure 2. Congo red agar plate test. Transparent colonies:; the non-
slime-producing strains.  

 
 
 

 
 
Figure 3. Congo red agar plate test. Black colonies: the slime-producing 
strains. 
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Figure 4. Multiplex PCR amplification products by agarose gel 
electrophoresis for for the fnb A (191 bp) and clf A (1000 bp) genes. DNA 
molecular size marker (100 bp ladder). 

 
 
 
61 (58.7%) out of the 104 slime genes-positive strains 
were able to produce slime as phenotypic. The rates of 
slime production in S. epidermidis and S. aureus strains 
were found to be 58.3% (28/48) ve 59.9% (33/56), 
respectively. 
 
  
Detection of adhesins genes fnb A, cna and clf A 
  
In this study, the clf A positivity rate was determined as in 
45 strains of 88 (51.1%) of S. aureus isolates (Figure 4). 
In addition, 86 strains out of 88 (97.7%) of S. aureus 
analyzed were found to carry the fnb A gene. Among the 
88 S. aureus strains, the cna A gene was detected in 69 
(78.4%) isolates. Positive strains for clf A, cna and fnb A 
genes produced a band of 1000, 192 and 191 bp, 
respectively, in 2% agarose gel (Figures 4 and 5).  

Besides, while 2 of 88 S. aureus strains had none of 
these three adhesins genes (fnb A, cna and clf A), 33 
strains were positive for fnb A, cna and clf A. 
 
  
DISCUSSION 
  
S. aureus and S. epidermidis are the most common 
causes of wound infections. The slime synthesis of these 
bacteria has been extensively investigated in various 
studies. Recently, attentions focused on the adhesins in 
staphylococcal infections especially in S. aureus 
infections. It was reported that the protein receptors of 
the cells assume the important functions for microbial 
adhesion (Montanaro et al., 1999). 

Slime production and adhesins are considered to be a 
crucial virulence factor among in Staphylococci. In the 
literature,   fnb,  clf,  cna  and  PIA  have  been  shown  to 

trigger exacerbation of keratitis (Jett and Gilmore, 2002), 
osteomyelitis (Smeltzer and Gillaspy, 2000) and medical 
devices infections. Several studies have been carried out 
on adhesin and slime genes of S. aureus. However, a 
limited number of studies have been carried out on 
adhesins and slime genes of both S. epidermidis and S. 
aureus isolated from surgical wounds. 

Both S. epidermidis and S. aureus are able to form 
biofilms. One of the major virulence factors of S. 
epidermidis and S. aureus is the slime production 
(Freeman et al., 1989; Montanaro et al., 1999). These 
bacteria have been known as a main cause of 
nosocomial infections. It is known that slime formation will 
significantly enhance the pathogenesis of staphylococcal 
infections. Furthermore, the slime formation allows 
staphylococci to escape host defenses and resist the 
antimicrobial action of antibiotics. Detection of slime 
production in staphylococcal strains isolated from clinical 
wound samples is important. It helps to know virulence 
factors for bacterial pathogenicity. In the present study, 
the occurance of slime genes and slime production in 
staphylococci were tested by multiplex PCR and Congo 
red agar method, respectively. 

Staphylococci are the most important cause of wound 
infections. It is well known that slime layer delays the 
healing of wound infection. Slime layer protect the 
microorganism from the effect of antimicrobial agent 
neutrophil attacks. Biofilm presence is frequently 
associated with chronic wounds. In a study carried out by 
Yazdani et al. (2006), the biofilm forming capacity and the 
presence of slime genes were investigated among S. 
aureus isolated from wound infections. In their study, 50 
S. aureus were identified, 26 of them (52%) were found 
as positive in terms of biofilm forming and 24 (48%) 
isolates were negative  (Yazdani   et   al.,   2006).   These  
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Figure 5. Multiplex PCR amplification products by agarose gel electrophoresis for the 
cna (192 bp). DNA molecular size marker (100 bp ladder). 

 
 
 
results are in agreement with our study among the S. 
aureus and S. epidemidis. There was no statistically 
significant difference in terms of the presence of slime 
genes between S. aureus (51%) and S. epidermidis 
(50%) strains (p>0.04).  

In another study, slime production was investigated 
among the 113 S. epidermidis strains isolated from 
biomaterial-associated infections. The ica A ica D-
positivity rates were determined as 57.5% of all the 
strains (Arciola et al., 2002). Similarly, among the 
patients with orthopaedic prosthesis infections in 
ortopedic unit, the rate of slime production was detected 
as 56.1% (69/123) of the S. epidermidis isolates by 
cultures on CRA (Arciola et al., 2003). 

In a previous study conducted by Arciola et al. (2005b), 
they searched all five individual genes of ica locus in S. 
epidermidis isolated from 400 clinical isolates from 
prosthesis-associated infections. Among these isolates, 
the ica positivity rate was detected as 57%. Similar 
results were found in our study among the S. epidemidis 
strains. 

S. aureus is a known significant pathogen. This 
bacterium has developed the various bacterial adhesion 
mechanisms. Among these mechanisms the host protein-
binding receptors commonly termed adhesins are quite 
important (Patti et al., 1992). Adhesins are not absolutely 
necessary for the occurrence of infections; these factors 
enhance the infection severity. In S .aureus strains, the 
significant adhesin genes such as clf, fnb and cna have 
been found among the strains isolated from clinically 
various infections. However, little is known about surface 
adhesins of S. aureus strains isolated from surgical 
wound infections. 

The specific surface proteins (fnb A, clf A, cna) are 
expressed mainly by S. aureus strains (Foster and 

McDevitt, 1994). These specific surface proteins provide 
the specific interaction between bacteria and extracellular 
matrix proteins of the host cell. As a result, they 
contribute to bacterial colonization (Zmantar et al., 2008). 

One of the most important staphylococcal adhesins is 
cna. In the literature, in large-scale studies, cna is 
accepted to be one of most important virulence factors in 
the pathogenesis of orthopaedic infections. It has been 
reported that cna gene was found to express in more 
than half of the staphylococci isolated from orthopaedic 
infections (Holderbaum et al., 1987). In a study 
conducted by Ryding et al. (1997), it was reported that 
the cna gene encoding a collagen adhesin was found in 
appraximately 60 of S. aureus isolates. In our study, the 
presence of cna (78.4%, in 69 of 88 S. aureus) was 
consistent with the literature.  

Fnb A has been reported in a high proportion among 
the Staphylococcal strains isolated from various clinical 
infections (higher than 95%) (Peacock et al., 2000; Rice 
et al., 2001). As previously reported, fnb A adhesin gene 
was found to be very frequent in Staphylococcal strains. In a 
study conducted by Arciola et al. (2005a) the significant 
virulence factors (fibronectin (fnb A, fnb B) and cna 
adhesins) of S. aureus strains isolated from orthopaedic 
surgical infections were examined. In their study, the cna 
positivity rate was found to be 46%. Prevalence of the fnb 
A genes were almost detected in all surgical samples 
(98%) (Arciola et al., 2005a). Similar results have been 
found in studies of adults. Fnb A ratio (97.7%) in our 
study was found very similar to the findings from Arciola 
et al. (2005a’s) study.  

The bacterial adhesion thought to be an important step 
in the beginning of the infections (Projan and Novick, 
1997). Clf A is a fibrinogen-binding surface protein of S. 
aureus.  It   account for   interceeding   the   adhesion   of  
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S. aureus to matrix proteins (McDevitt et al., 1995). And, 
it prevents phagocytosis during bacterial infection 
(Higgins et al., 2006). It showed that clf A is a significant 
virulence factor in various experimental infections such 
as endocarditis and sepsis (Vernachio et al., 2003; 
Josefsson et al., 2001). 

In a study conduct by Higgins et al. (2006), clf A was 
shown to be important an as protein A as in S. aureus 
strains. In their study, clf A was also found to be 
antiphagocytic in a Gram-positive host. It was found that 
clf A inhibited phagocytosis in the absence of fibrinogen 
and showed enhanced inhibition in the presence of 
fibrinogen. In our study, the existence of clf A gene 
(51.1%) have been identified in more than half of S. 
aureus strains isolated from the wounds samples. 

In our study, the percentage of three adhesins in S. 
aureus strains was found in quite high rates. The rate of 
fnb A gene among these adhesins were highest. It was 
followed by clf A and cna, respectively (fnb A positive: 
97.7% of the strains, clf A positive: 51.1% of the strains, 
and cna positive: 78.4% of the strains). In our study, 
these findings were consistent with the earlier reported 
studies in the literature (Arciola et al., 2005a; Holderbaum 
et al., 1987; Rice et al., 2001). 

In conclusion, in surgical wounds, some bacterial 
virulence factors such as slime production and adhesins 
may complicate wound healing and cause serious 
medical problems. Also, they may lead to increasing 
antimicrobial resistance. 

The ica A and ica D genes responsible for slime 
production among the Staphylococci isolated from 
surgical wound samples have been found in a 
significantly high frequency. Slime production in S. 
aureus and S. epidermidis strains was found to be 
significantly similar to each other. The frequency rate of 
adhesin genes was very high in S. aureus strains isolated 
from surgical wounds. While clf A and cna genes were 
found in more than half of these strains, almost all of the 
strains were positive for fnb A gene. Molecular 
identification of virulent staphylococcal strains may help 
in clinical decision making. The necessary precautions 
should be taken to prevent infections caused by virulent 
Staphylococci. 
 
 
REFERENCES 
 
Arciola CR, Campoccia D, Gamberini S, Baldassarri L, Montanaro L 

(2005a). Prevalence of cna, fnb A and fnb B adhesin genes among S. 
aureus isolates from orthopaedic infections associated to different 
types of implant. FEMS Microbiol. Lett. 246: 81-86. 

Arciola CR, Campoccia D, Gamberini S, Cervellati M, Donati E, 
Montanaro L (2002). Detection of slime production by means of an 
optimised Congo red agar plate test based on a colourimetric scale in 
S. epidermidis clinical isolates genotyped for ica locus. Biomaterials 
23: 4233-4239. 

Arciola CR, Campoccia D, Gamberini S, Donati ME, Baldassarri L, 
Montanaro L (2003). Occurrence of ica genes for slime synthesis in a 
collection of S. epidermidis strains from orthopaedic prosthesis 
infections. Acta Orthop. Scand. 74: 617-621. 

Arciola CR, Collamati S, Donati  E,  Montanaro L  (2001). A  rapid  PCR 

 
 
 
 

method for the detection of slime-producing strains of S. epidermidis 
and S. aureus in periprosthesis infections. Diagn. Mol. Pathol. 10: 
130-137.  

Arciola CR, Gamberini S, Campoccia D, Visai L, Speziale P, Baldassarri 
L, Montanaro L (2005). A multiplex PCR method for the detection of 
all five individual genes of ica locus in S. epidermidis. A survey on 
400 clinical isolates from prosthesis-associated infections. J. Biomed. 
Mater. Res. 75: 408-413. 

Cheung AL, Fischetti VA (1991). The role of fibrinogen in mediating 
staphylococcal adherence to fibers. J. Surg. Res. 50: 150-155.  

Cramton SE, Gerke C, Schnell NF, Nichols WW, Gotz F (1999). The 
intercellular adhesion (ica) locus is present in S. aureus and is 
required for biofilm formation. Infect Immun. 67: 5427-5433. 

Drancourt M, Stein A, Argenson JN, Zannier A, Curvale G and Raoult D 
(1993). Oral rifampin plus ofloxacin for treatment of Staphylococcus-
infected orthopaedic implants. Antimicrob. Agents Chem. 37: 1214-
1218.  

Foster TJ, McDevitt D (1994). Surface-associated proteins of S. aureus: 
their possible roles in virulence. FEMS Microbiol. Lett. 118: 199-206. 

Freeman DJ, Falkiner FR, Keane CT (1989). New method for detecting 
slime production by coagulase negative staphylococci. J. Clin. Pathol. 
42: 872-874. 

Gerke C, Kraft A, Sussmuth R, Schweitzer O, Gotz F (1998). 
Characterisation of the N-acetylglucosaminyltransferase activity 
involved in the biosynthesis of the S. epidermidis polysaccharide 
intercellular adhesin. J. Biol. Chem. 273: 18586-18593. 

Hair PS, Ward MD, Semmes OJ, Foster TJ, Cunnion KM (2008). S. 
aureus clumping factor A binds to complement regulator factor I and 
increases factor I cleavage of C3b. J. Infect. Dis. 198: 125-133. 

Herrmann M, Vaudaux P, Pittet D, Auckenthaler R, LewDP, 
Schumacher-Perdreau F, Peters G, Higgins J, Loughman A, van 
Kessel KP, van Strijp JA, Foster TJ (2006). Clumping factor A of S. 
aureus inhibits phagocytosis by human polymorphonuclear 
leucocytes. FEMS Microbiol. Lett. 258: 290-296. 

Holderbaum D, Spech T, Ehrhart LA, Keys T, Hall GS (1987). Collagen 
binding in clinical isolates of S. aureus. J. Clin. Microbiol. 25: 2258-
2261.  

Holt JG, Krieg NR, Sneath PHA, Stanley JT, Williams TS (1994). 
Bergey’s Manual of Determinative Bacteriology, 9th edn. Baltimore, 
Maryland, USA: William and Wilkins p. 532. 

Jett BD, Gilmore MS (2002). Internalization of S. aureus by human 
corneal epithelial cells: role of bacterial fibronectin-binding protein 
and host cell factors. Infect. Immun. 70: 4697-7400.   

Johnson WM, Tyler SD, Ewan EP, Ashton FE, Pollard DR, Rozee KR 
(1991). Detection of genes for enterotoxins, exfoliative toxins, and 
toxic shock syndrome toxin 1 in S. aureus by the polymerase chain 
reaction. J. Clin. Microbiol. 29: 426-430. 

Josefsson E, Hartford O, O’Brien L, Patti JM, Foster T (2001). 
Protection against experimental S. aureus arthritis by vaccination with 
clumping factor A, a novel virulence determinant. J. Infect. Dis. 184: 
1572-1580. 

Kumar  A, Prasad R (2006). Biofilms. J. Med. Educ. Res. 8: 14-17. 
McDevitt D, Francois P, Vaudaux P, Foster TJ (1988). Molecular 

characterization of the clumping factor (fibrinogen receptor) of S. 
aureus. Mol. Microbiol. 11: 237-248. 

McDevitt D, Francois P, Vaudaux P, Foster TJ (1995). Identification of 
the ligand-binding domain of the surface-located fibrinogen receptor 
(clumping factor) of S. aureus. Mol. Microbiol. 16: 895-907. 

Montanaro L, Arciola CR, Baldassarri L, Borsetti E (1999). Presence 
and expression of collagen adhesin gene (cna) and slime production 
in S. aureus strains from orthopaedic prosthesis infections. 
Biomaterials 20: 1945-1949. 

O'Neill  E, Humphreys H, O'Gara JP (2009). Carriage of both the fnb A 
and fnb B genes and growth at 37°C promote FnBP-mediated biofilm 
development in meticillin-resistant S. aureus clinical isolates. J. Med. 
Microbiol. 58: 399-402. 

Patti  JM, House-Pompeo K, Boles JO, Garza N, Gurusiddappa S, Hook 
M (1995). Critical residues in the ligand-binding site of the S. aureus 
collagen-binding adhesin (MSCRAMM). J. Biol. Chem. 270: 12005-
12011. 

Patti JM, Jonsson H, Guss B, Switalski LM, Wiberg K, Lindberg M, 
Hook M (1992). Molecular  characterization and expression of a gene  



 
 
 
 

encoding a S. aureus collagen adhesin. J. Biol. Chem. 267: 4766-
4772. 

Peacock SJ, Day NP, Thomas MG, Berendt AR, Foster TJ (2000). 
Clinical isolates of S. aureus exhibit diversity in fnb genes and 
adhesion to human fibronectin. J. Infect. 41: 23-31. 

Projan SJ, Novick RP (1997). The molecular basis of pathogenicity. In 
Crossley B, Archer GL (ed.), The staphylococci in human disease. 
Churchill Livingstone, New York, N.Y. pp. 55-82. 

Rice K, Huesca M, Vaz D, McGavin MJ (2001). Variance in fibronectin 
binding and fnb locus polymorphisms in S. aureus: identification of 
antigenic variation in a fibronectin binding protein adhesin of the 
epidemic CMRSA-1 strain of methicillin resistant S. aureus. Infect. 
Immun. 69: 3791-3799. 

Ryding U, Flock JI, Flock M, Soderquist B, Christensson B (1997). 
Expression of collagen-binding protein and types 5 and 8 capsular 
polysaccharide in clinical isolates of S. aureus. J. Infect. Dis. 176: 
1096-1099. 

Schwarz-Linek U, Hook M, Potts JR (2006). Fibronectin-binding 
proteins of gram-positive cocci. Microbes Infect.  8: 2291-2298. 

Smeltzer MS, Gillaspy AF (2000). Molecular pathogenesis of staphyl-
coccal osteomyelitis. Poult. Sci. 79: 1042-1049.  

Tojo M, Yamashita N, Goldmann DA, Pier G B (1988). Isolation and 
characterization of a capsular polysaccharide adhesin from S. 
epidermidis. J. Infect. Dis. 157: 713-722. 

Vasudevan P, Nair MK, Annamalai T, Venkitanarayanan KS (2003). 
Phenotypic and genotypic characterization of bovine mastitis isolates 
of S. aureus for biofilm formation. Vet. Microbiol. 92: 179-185. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Duran et al.         715 
 
 
 
Vernachio J, Bayer AS, Le T, Chai YL, Prater B, Schneider A, Ames B, 

Syribeys P, Robbins J, Patti JM (2003). Anti-clumping factor A 
immunoglobulin reduces the duration of methicillinresistant S. aureus 
bacteremia in an experimental model of infective endocarditis. 
Antimicrob. Agents Chemother. 47: 3400-3406.  

Herrmann M, Vaudaux PE, Pittet D, Auckenthaler R, Lew PD, 
Schumacher-Perdreau F, Peters G, Waldvogel FA (1988). Fibro-
nectin, fibrinogen, and laminin act as mediators of adherence of 
clinical staphylococcal isolates to foreign material. J. Infect. Dis. 158: 
693-701. 

Yazdani R, Oshaghi M, Havayi A, Pishva E, Salehi R, Sadeghizadeh M, 
Foroohesh H (2006). Detection of ica AD Gene and Biofilm Formation 
in S. aureus Isolates from Wound Infections Iranian J. Publ. Health  
35: 25-28. 

Zmantar T, Chaieb K, Makni H, Miladi H, Abdallah FB, Mahdouani K, 
Bakhrouf A (2008). Detection by PCR of adhesins genes and slime 
production in clinical S. aureus. J. Basic Microbiol. 48: 308-314. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


