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Abstract 
Introduction: Staphylococcus aureus is one of the first bacteria colonizing in cystic fibrosis (CF) respiratory tract and different virulence 

factors are responsible for disease progression. It is not clear if CF S. aureus strains are more virulent than strains isolated from non-CF 

patients. 

Methodology: Biofilm production was detected by a modified tissue culture plate method, presence of genes encoding for Panton-Valentine 

leukocidin (PVL) was investigated by a signal amplified sandwich hybridization assay and antimicrobial susceptibility patterns were detected 

by disk diffusion method. 

Results: Staphylococcus aureus clinical isolates (n = 88) recovered from respiratory tract specimens in which 31 of them were from cystic 

fibrosis (CF) patients were analysed. Biofilm production was detected in 96.8% of CF isolates in which 32.3% exhibited strong positive 

phenotype and in 47.4% of non-CF isolates in which strong positive phenotype was not observed (p < 0.05). All CF isolates were methicillin 

susceptible, whereas 53.4% of non-CF isolates (n = 31) were methicillin resistant. No resistance was observed for vancomycin, 

chloramphenicol and trimethoprim/sulfamethoxazole in any of the isolates. PVL genes were detected only in two isolates (2.3%), one from 

each group, CF and non-CF, which both were methicillin susceptible 

Conclusion: Biofilm rather than PVL production appears to be an important virulence factor in CF patients.  
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Introduction 
Impairment of mucociliary transport and the 

cleaning function of upper airways related to recurrent 

and chronic colonization with bacterial pathogens, 

such as Staphylococcus aureus, Haemophilus 

influenzae, and Pseudomonas aeruginosa are among 

the most important causes of morbidity and mortality 

in cystic fibrosis (CF) patients [1].  

S. aureus is one of the first bacteria colonizing in 

CF respiratory tract and particularly methicillin 

resistant strains have been associated with worse 

prognosis [2]. In general, antibiotic resistance of 

bacteria in respiratory infections of CF patients is of 

increasing concern and resistance monitoring is 

important for early treatment of the patients. Biofilm 

formation was demonstrated for bacterial pathogens in 

CF and provides an advantage to the bacteria for 

chronic colonization and making eradication with 

antimicrobials difficult [3]. Panton-Valentine 

leukocidin (PVL) is an exoprotein produced by S. 

aureus which kills leukocytes, causes severe tissue 

destruction and necrosis associated with community 

acquired pneumonia [4]. Gillet et al. [5] reported that 

PVL-producing S. aureus strains caused rapidly 

progressive, haemorrhagic, necrotizing pneumonia 

with a high mortality rate, mainly in 

immunocompetent children and young adults. PVL 

positive methicillin resistant S. aureus (MRSA) strains 

were associated with development of invasive lung 

infections including lung abscess in CF patients [6]. 

We compared biofilm production capabilities, 

presence of PVL genes and antimicrobial 

susceptibility properties in S. aureus isolates recovered 

from respiratory specimens of CF and non-CF 

patients.  

 

Methodology 
S. aureus strains isolated from respiratory 

specimens such as sputum, deep tracheal aspirates 

(DTA) and  bronchoalveolar lavage materials were 

collected from hospitalized patients with lower 

respiratory tract infection symptoms (n = 57),  whereas 
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DTA samples were taken from patients with CF (n = 

31) followed in Cytic Fibrosis Center of Istanbul 

University during 2008-2010.  Isolates were identified 

by colony morphology, Gram stain, catalase, tube-

coagulase, DNase tests and final identification was 

performed with Vitek 2 automated identification 

system (bioMérieux, l’Etoile, France). The isolates 

were stored in trypticase soy broth supplemented with 

15% glycerol at -80°C and subcultured onto trypticase 

soy agar supplemented with 5% sheep blood agar for 

experiments. 

A modified tissue culture plate method was used 

for detection of biofilm formation [7].  We used 

trypticase soy broth (Difco, Franklin Lakes, USA) 

treated with 0.1 M ethylene diamine tetra-acetic acid 

(EDTA) to limit iron and 5 ml of the medium was 

inoculated with S. aureus isolates and incubated  24 

hours at 37°C. Next, 1:100 dilution of each isolate was 

inoculated into fresh TSB-EDTA medium in 

microplates. After 24 hour of incubation at 37°C, 

plates were washed three times with phosphate 

buffered saline, left to dry for one hour at room 

temperature and then stained with 0.2 ml of safranin O 

(1% w/v in H2O). Excess stain was washed with tap 

water and the optical density of the biofilm was 

determined by absorbance read at 490 nm in a 

microplate reader and values were obtained from three 

independent experiments. Staphylococcus epidermidis 

ATCC 35894 was used as positive control, S. 

epidermidis ATCC 12228 as negative control.  The 

evaluation of clinical strains for biofilm production 

ability was accomplished using the difference between 

the mean absorbance values obtained from positive 

and negative control strains. Strains with absorbance 

values < 20% of the difference were evaluated as 

negative for biofilm production. Strains with 

absorbance values between 20% - < 40%, 40% - < 

70% and 70% of the difference were regarded as 

weak positive, moderate positive and strong positive, 

respectively. 

  

The correlation between the biofilm production 

ability of CF and non-CF isolates was evaluated using 

SPSS software (SAS Institute, Cary, USA) with 

Fisher’s exact test and p < 0.05 was considered 

statistically significant. 

 

The susceptibility of the isolates was determined 

by disk diffusion method in accordance with Clinical 

and Laboratory Standards Institute (CLSI) standards 

[8].  S. aureus ATCC 25923 was used as the control 

strain. The antibiotics tested were penicillin, 

erythromycin, gentamicin, clindamycin, vancomycin, 

rifampin, ciprofloxacin, chloramphenical, 

trimethoprim-sulfamethoxazole and tetracycline. 

Susceptibility testing for methicillin was carried out 

using cefoxitin (30 μg) and oxacillin (1 μg) disks.  

 

PVL EVIGENE (AdvanDx, Vedbaek, Denmark), a 

signal amplified sandwich hybridization assay for its 

ability to detect lukS-PV and lukF-PV, the genes 

encoding PVL in S. aureus, was used according to 

manufacturer’s instructions. S. aureus ATCC 49775 

PVL and S. aureus LY19990053 were used as positive 

controls. The test is performed in microwells 

containing capture probes for the lukS-lukF-PV genes. 

If the lukS-lukF-PV genes are present, capture probe – 

lukS-lukF-PV genes – detection probe complexes are 

formed. These complexes are subsequently visualized 

by a conjugate-substrate signal amplification reaction. 

Samples with the lukS-lukF-PV genes produced a red 

solution in the assay and results were evaluated 

visually. 

 

Results 
Biofilm production was detected in 96.8% of CF 

isolates in which 32.3% exhibited strong positive 

phenotype and in 47.4% of non-CF isolates in which 

none of the isolates exhibited strong positive 

phenotype (p < 0.05) (Table 1). 

All CF isolates were methicillin susceptible, 

whereas 53.4% of non-CF isolates were methicillin 

resistant. No resistance was observed for vancomycin, 

chloramphenicol and trimethoprim/sulfamethoxazole 

in any of the isolates. Methicillin susceptible strains 

from both groups, CF (n = 31) and non-CF (n = 26), 

showed similar antimicrobial resistance rates to tested 

antimicrobials (Table 2). Although biofilm production 

rate was notably higher in CF isolates compared to 

non-CF isolates (96.8% vs. 46.2%), a correlation 

between biofilm production and antimicrobial 

resistance was not observed. 

PVL genes were detected only in two of the 

isolates (2.3%), one isolate from CF group and one 

from non-CF, which both were methicillin susceptible. 

 

Discussion 

Chronic lung disease is the most serious clinical 

expression of CF and the progressive lung injury 

associated with endobronchial infection, usually first 

with S. aureus and then with Pseudomonas 

aeruginosa, eventually leads to death from respiratory 

failure [9]. The clinical significance of 

colonization/infection with S. aureus is variable, 
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leading to numerous regimens for prevention and 

treatment of patients colonized with this pathogen. The 

independent and additive impacts of S. aureus on 

lower airway disease increase lower airway 

inflammation in infants and young children with CF 

and the presence of both S. aureus and P. aeruginosa 

could demonstrate significant additive effect on the 

different measures of lower airway inflammation [10]. 

Despite increasing frequency of isolation and potential 

serious morbidity, very little is known about the 

characteristics of the virulence of S. aureus in CF 

patients.  

Toxic effect of PVL results from synergistic action 

of two transcribed genes, lukS-PV and lukF-PV and 

presence of these genes was demonstrated in two of 

our isolates which were both methicillin susceptible. 

This result is similar with findings of Molina et al. 

[11] who detected PVL gene in any of the 98 MRSA-

CF isolates but described a multiresistant biofilm 

forming clone in most of the patients. In a period 

between 2005 and 2007, 64 CF patients in Italy were 

screened and PVL was detected in only 2 isolates [12]. 

Elizur et al. [6] described the emergence of PVL
+
 

MRSA infection in 15% of CF patients and 

demonstrated that the patients who acquired a PVL
+
 

organism were more likely to have a focal pulmonary 

infiltrate on chest radiograph, a markedly greater 

decline in FEV1 suggesting that early identification 

and treatment of CF patients with newly acquired 

PVL+ MRSA may be crucial.  

We detected a higher and stronger biofilm 

production in CF patients than in non-CF patients. 

Cafiso et al. [12] also stated that all strains isolated 

from CF patients were medium or strong biofilm 

producers and this result seemed to be consistent with 

the ability of these microorganisms to adhere and 

persist in the lungs of these patients.  

Although data from the American CF Foundation 

Patient Registry shows that the prevalence of MRSA 

infection in CF has increased from 6.1% in 2001 to 

23.7% in 2009, all of our CF isolates were methicillin 

susceptible, also presenting low level of resistance to 

non-β-lactam antimicrobials [13]. In Brazil, 7% of CF 

patients were found colonized by MRSA, whereas 

none were positive for PVL [14].  

 

We could not detect significant difference of 

resistance among biofilm positive and negative strains 

Table 1. Results of biofilm forming ability studies in CF* and non-CF Staphylococcus aureus isolates. 

 Biofilm forming ability 

 Negative Weak positive Moderate positive Strong positive 

CF isolates (n = 31) 1 (3.2%) 8 (25.8%) 12 (38.7%) 10 (32.3%) 

Non-CF isolates ( n = 57) 30 (52.6%) 14 (24.6%) 13 (22.8%) 0 

Total (n = 88) 31 (35.2%) 22 (25.0%) 25 (28.4%) 10 (11.4%) 

* CF: cystic fibrosis 

 

Table 2. The relationship between biofilm forming ability and resistance to antimicrobials in methicillin susceptible 

Staphylococcus aureus isolates recovered from CF* and non-CF patients. 

Resistance to antimicrobial agents 

Biofilm forming ability 

CF isolates (n = 31)  Non-CF isolates (n = 26) 

positive  

(n = 30) 
 

negative 

(n = 1)** 
 

positive 

(n = 12) 
 

negative 

(n = 14) 

Erythromycin 8 (26.7%)  0  1 (8.3%)  2 (14.3%) 

Clindamycin 1 (3.3%)  0  0  0 

Tetracycline 5 (16.7%)  1  0  2 (14.3%) 

Gentamicin 1 (3.3%)  0  0  0 

Ciprofloxacin 3 (10%)  0  1 (8.3%)  1 (7.1%) 

Rifampin 1 (3.3%)  0  0  0 

Vancomycin 0  0  0  0 

Chloramphenicol 0  0  0  0 

Trimethoprim-sulfamethoxazole 0  0  0  0 

* CF: cystic fibrosis, ** For columns with less than ten total isolates, no percentage is indicated  
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in our study. It was claimed that antimicrobial 

susceptibility results determined for planktonic 

cultures do not provide sufficient information on the 

efficacy of antimicrobials against infections involving 

biofilms and that in vivo conditions could be different 

and antimicrobial activity could be diminished.  

Biofilm formation in S. aureus is coordinated by 

quorum sensing (QS), a cell-cell communication 

system and RNAIII-activating protein (RAP) and its 

target molecule (TRAP) is the best studied system 

[15]. QS inhibitors were shown to  affect later stages 

of biofilm formation and detachment of Burkholderia 

cepacia complex strains as another opportunistic 

pathogens causing life-threatening infections in CF 

patients, which are resistant to many antimicrobial 

agents [16]. Extracts from three medicinal plants 

(Ballota nigra, Castanea sativa, and Sambucus ebulus) 

exhibited anti-QS activity in a pathogenic MRSA 

isolate [17]. Although our CF isolates were susceptible 

to tested antimicrobials, QS inhibitors could be an 

alternative for treatment of S. aureus infections in CF 

patients, considering increasing levels of antimicrobial 

resistance of the bacteria. 
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