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The burden of disease caused by Staphylococcus aureus continues to grow; this organism has the 
ability to form biofilm and it is also a frequent cause of medical device and implant-related infections. 
The objective of this study was to evaluate the biofilm-forming ability of a collection of clinical isolates 
of S. aureus. In a total of 240 Staphylococcus spp. isolated from catheters, retrieved at five services 
(neonatology, internal medicine, pneumology, pediatric and neurology), only 50 (20.83%) strains were 
identified by conventional microbiological methods as S. aureus species; these strains were screened 
by microtiter plate assay for detection of biofilm formation. Of the 50 clinical isolates, 16 (32%) were 
non adherent, 20(40%) weakly, 10 (20%) moderately and 4(8%) strongly adherent. The quantitative 
method of microtiter plate can be involved as a simple, rapid, inexpensive and reproducible assay to 
assess biofilm formation which is further an important feature of pathogenecity of S. aureus in the 
clinical setting. 
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INTRODUCTION 
 
Staphylococci are most often associated with chronic 
infections of implanted medical devices (Dunne, 2002; 
Raad, 2000). Such infections are predominately caused 
by Staphylococcus aureus and Staphylococcus 
epidermidis. The first one is known as an ubiquitous 
bacteria. It also has an inherent ability to form biofilms on 
biotic and abiotic surfaces (McCann et al., 2008; Begun 
et al., 2007). The biofilms protect the cells not only from 
host immune response but also from antimicrobial agents 
(Donlan et al., 2002). Indeed, biofilm formation is a major 
concern in nosocomial infections because it protects 
microorganisms from opsonophagocytosis and 

antibiotics, leading to chronic infection and sepsis (Martí 
et al., 2010). These qualities have converged to make S. 
aureus a significant burden on our current health care 
system (Hobby et al., 2012). One of the patient 
populations most vulnerable to Staphylococcus aureus 
infection are those with implanted medical devices such 
as central venous catheters, cardiac valves and 
pacemakers, artificial joints and various orthopedic 
devices (Hobby et al., 2012). Therefore, once biofilm-
associated S. aureus infections occur, they are difficult to 
be treated by conventional procedures (Trampuz and 
Widmer, 2006). 
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In fact, the biofilm formation involves the production of 

a polysaccharide intracellular adhesion (PIA) (Ziebuhr et 
al., 2001; Mack et al., 1996) which is the formal name of 
slime. This polysaccharide depends on the expression of 
the intercellular adhesion (icaADBC) operon, which 
encodes three membrane proteins (IcaA, IcaD and IcaC) 
with enzymatic activity and one extracellular protein 
(IcaB) (Djordjevic et al., 2002; Christensen et al., 1985). 
The icaADBC gene locus has also been detected in S. 
aureus and a range of other coagulase-negative 
staphylococci (Allignet et  al., 2001; Cramton et al., 
1999; Knobloch et al., 2002; McKenney et al., 1999). In 
addition, several surface proteins have been involved in 
the biofilm formation process, including biofilm 
associated protein (BAP) (Cucarella et al., 2001), S. 
aureus surface protein G (SasG) (Montanaro et al., 2011; 
Corrigan et al., 2007), Fibronectin-binding proteins 
(FnBPs) (Vergara-Irigaray et al., 2009; O’Neill et al., 
2008) or Staphylococcal protein A  (Spa). It is now 
suggested that protein-mediated biofilm formation under 
in vivo conditions is also an important virulence factor 
(Merino et al., 2009).  

It is estimated that approximately 65% of all bacterial 
infections in humans are caused by biofilms (Costerton 
and Stewart, 2000) and Christensen et al. (1982) showed 
that 63% of the pathogenic strains produced slime, and 
only 37% of the nonpathogenic strains produced slime 
(Costerton et al., 1995). In the laboratory, Christensen et 
al. (1982) demonstrated that only one slime-producing 
cell per 16 000 non-slime-producing cells results in a 
culture that produces a gross amount of slime. 
Furthermore, there is increasing recognition that biofilm 
growth gives rise to a significant population of bacteria 
with a diverse set of phenotypes, often termed “variants” 
(Yarwood et al., 2007). This phenomenon has been 
explained by the ‘‘insurance hypothesis,’’ which posits 
that the presence of diverse subpopulations increases 
the range of conditions in which the community as a 
whole can thrive (McCann, 2000; Yachi and Loreau, 
1999). 

A biomaterial can be defined as any substance, natural 
or synthetic, used in the treatment of a patient that at 
some stage, interfaces with tissue (Wollin et al., 1998). 
Although, any medical device easily inserted and 
removed (catheters, contact lenses, endotracheal and 
nasogastric tubes) or long-term implants (cardiac valves, 
hip joints and intraocular lenses) represents potentially a 
favorable support to microbial biofilms formation. 
Whereas, it is now well documented that biofilms are 
notoriously difficult to eradicate (Diani et al., 2014) and 
are often resistant to systemic antibiotic therapy and 
removal of infected device becomes necessary (Lewis, 
2001; Souli and Giamarellou, 1998). Anyway, the skin 
surrounding the catheter insertion site has been 
implicated as the most common source of central venous 
catheters (CVC) colonization (Raad et al., 1993). 

In order to study bacterial biofilms, a large variety of 

 
 
 

 
experimental direct (including microscopy techniques) 
and indirect observation methods have been developed. 
The microtiter plate procedure is an indirect method for 
estimation of bacteria in situ and can be modified for 
various biofilm formation assays (An and Friedman, 
2000). This method has been investigated using many 
different organisms and stains (Hobby et al., 2012; 
Ramage et al., 2001; Stepanovic et al., 2000; 
Christensen et al., 1985; Deighton and Balkau, 1990; 
Miyake et al., 1992) in which the optical density (OD) of 
the stained bacterial film is measured with an automatic 
spectrophotometer. 

In this study, we screened our original collection of 50 
clinical isolates of S. aureus from intravenous catheter-
associated infections by the polypropylene microtiter 
plate method for determining their ability to form biofilm. 
Parallelly, it is known that the genes that are crucial for 
biofilm formation are a subset of the genes involved in 
pathogenesis. This work was realized for the first time at 
the university hospital of Tlemcen. Our aim was to assess 
biofilm-forming ability of our collection, knowing that this 
organism is difficult to control and causes several 
constraints in different services of the hospital.  
 
 
MATERIALS AND METHODS 

 
Staphylococcus aureus isolates 

 
In a total of 240 clinical isolates of Staphylococcus spp. isolated 
from catheters from four different services (neonatology, internal 
medicine, pneumology, pediatric and neurology service) at the 
university hospital of tlemcen (North-West Algeria) during a period 
of two years (from 2009 to 2011), 50 strains were identified as S. 
aureus on the basis of standard and conventional microbiological 

techniques including Gram stain, catalase and coagulase tests. The 
identification was completed with API Staph gallery (bioMérieux, 
Marcy l'Etoile, France). 
 
 
Microtiter plate assays 
 

In the present study, we screened the fifty clinical isolates of S. 

aureus for their ability to form biofilm by microtiter plate method 
according to the works of Christensen et al. (1985) with some 
modifications.  

Strains from fresh agar plates were inoculated in 3 ml of brain 
heart infusion (BHI) with 1% glucose (Mathur et al., 2006) and 
incubated for 24 hours at 37°C in stationary conditions and diluted 1 
in 20 with fresh medium. Individual wells of sterile, propylene, 96 
well Microplate were filled with 200 µl of the diluted cultures and 
200 μl aliquots of only BHI + 1% glucose were dispensed into each 

of eight wells of the column 12 of microtiter plate to serve as a 
control (to check non-specific binding and sterility of media). After 
incubation (24 h at 37°C), the microtiter plates content of each well 
was removed by tapping the bottom plates. The wells were washed 
four times with 200 µL of phosphate buffer saline (1 ×PBS pH 7.2) 
to remove planktonic bacteria. The plates were then inverted and 
blotted on paper towels and allowed to air dry for 15 min (Broschat 
et al., 2005). Adherent organisms forming-biofilms in plate were 

fixed with sodium acetate (2%) and stained with crystal violet (0.1% 
w/v) (Borucki et al., 2003; Mathur et al., 2006) and allowed to 
incubate at room temperature for 15 min. After removing the crystal  
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Figure 1. Distribution of the fifty studied clinical isolates of S. aureus according to different 

services of the university hospital of Tlemcen during a period of two years.  
 

 
 

violet solution, wells were washed three times with 1 × PBS to 
remove unbound dye. Finally, all wells were filled by 200 μl ethanol 
(95%) to release the dye from the cells. Optical density (OD) of 
stained adherent bacteria was determined with an Absorbance 
Microplate Reader (model EL×800) at wavelength of 630 nm. To 
correct background staining, the OD values of the eight control 
wells were averaged and subtracted from the mean OD value 
obtained for each strain. The experiment was repeated three times 
separately for each strain and the average values were calculated 
with standard deviation (SD). 
 
 
Classification of adherence 

 
The mean values of OD obtained for blank tests were subtracted 

from the mean values of OD obtained for each test strain to correct 
the background staining of microtiter plate. The Absorbance 
Microplate Reader (model EL×800) used in this study has a 
dynamic range from 0 to 3.0 OD. According to the classification of 
Christensen et al. (1985) using the microtiter-plate, strains are 
divided into three categories: non-adherent, weakly adherent and 
strongly adherent. However, our clinical isolates were classified into 
four categories (Stepanovic et al., 2000): non-adherent (OD < 
ODc); weakly-adherent (ODc < OD < 2xODc); moderately-adherent 

(2xODc < OD < 4xODc); strongly-adherent (4xODc < OD); with 
ODc: the cut-off OD (three standard deviations above the mean OD 
of the blank test). The averaged OD values and standard deviations 
were made by Excel computer software. 

 
 
RESULTS 
 
As can be shown in Figure 1, of the fifty (20.83%) clinical 
strains of S. aureus: 27 (54%), 9 (18%), 5 (10%), 5 (10%) 

and 4 (8%), were respectively isolated from the following 
services: Neonatology, pneumology, pediatric, neurology, 
and internal medicine.  

The results of microtiter plate assay used for 
assessment of biofilm-forming ability of the fifty clinical 
isolates of S. aureus are presented in Figure 2. The 
method applied in this study allowed us to measure 
biofilm formation after growth in BHI 1% glucose for 24 h 
at 37 °C. Spectrophotometric measurement of optical 
densities (OD) of adherent cells enabled us to classify 
our clinical isolates collection into four categories (Figure 
2); non adherent (OD ≤0.2), weakly (0.2<OD≤0.4), 
moderately (0.4<OD≤0.8) and strongly (0.8<OD) 
adherent strains (Figure 3). Of the 50 clinical isolates 
studied, 16 (32%) were designated as non adherent, 20 
(40%) as weakly 10 (20%) as moderately and 4 (8%) as 
strongly adherent. 
 
 
DISCUSSION 
 
The Staphylococcus genus acquires a huge importance 
in implant-related infections (Campoccia et al., 2006). 
Elsewhere, the number of diseases caused by S. aureus 
continues to grow. One of the reasons why S. aureus is 
such a ubiquitous pathogen is that it colonizes the 
anterior nasopharynx in 10 to 40% of humans and can be 
easily transferred to the skin (Williams, 1963). Biofilm-
forming ability is one of the crucial ways that enable this 
microorganism to express it pathogenecity. It was found  
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Figure 2. Biofilm-forming ability on polypropylene microtiter plate of the fifty clinical isolates of S. aureus following growth for 24 h at 

37°C in brain heart infusion 1% glucose. Bars represent mean values of OD (measured at wavelength  of 630 nm) and their standard 
deviations. 

  
 
 

 

  
 
Figure  3. Screening of biofilm formation with 
crystal violet staining by the 96 well microtiter 
plate: (I) high, (II) moderate (III) weak  and (IV) 
non adherent. 

 
 

 

that the virulence of the organism does indeed vary with 
its ability to adhere to plastic tissue culture plates 
(Baddour et al., 1984). Furthermore, as the process of 
adherence is the initial event in the microbial 
pathogenesis of infection, failure to adhere will result in 
removal of the microorganism from the surface of an 
implanted medical device and avoidance of device-
related infection (Ofek and Beachey, 1980). Moreover, 
biofilm formation by S. aureus is influenced by  

 
 

environmental factors like sugars (glucose and/or 
lactose) or proteases present in the growth medium and 
depends also on the genetic make-up of a particular S. 
aureus isolate (Melchior et al., 2009). Therefore, 
according to several researches it was supposed that 
assessing for biofilm formation could be a useful marker 
for the pathogenicity of staphylococci. Their active 
adhesion mechanisms are currently regarded as crucial 
virulence factors and frequently considered for the 
characterization of the clinical isolates in studies of 
molecular pathogenesis and epidemiology (Campoccia et 
al., 2006). However, some authors considered that there 
is a little or no correlation between biofilm formation in 
vitro and the clinical outcome of the infection (Kotilainen, 
1990; Perdreau-Remington et al., 1998). 

In this study, the largest number of clinical isolates of S. 
aureus was collected from neonatology services (n=27), 
followed by internal medicine (n=9), pneumology and 
pediatric services (n=5) and finally the neurology services 
(n=4) (Figure 1). Furthermore, investigation of the 
correlation between the isolation sites and biofilm-forming 
ability was not highlighted in this work but it would be 
efficient to note that among the four strains of S. aureus 
recognized as strongly adherents, two are from the 
neonatology services. 

Various methods have been used to quantify adhesion 



 
 
 
 
of microorganisms to different surfaces. Direct methods 
allow the in situ observation of microbial colonization, 
including microscopy techniques (laser-scanning 
confocal, transmission electron and scanning electron 
microscopy) and indirect methods such as microtiter plate 
assay, Tube method (TM) and Congo red agar (CRA). 
Among these various methods, we have used in this 
study a simple in vitro microtiter pate method to quantify 
the biofilm formation of 50 clinical isolates of S .aureus. 
This method has the advantage of enabling researchers 
to rapidly analyze adhesion of multiple bacterial strains or 
growth conditions within each experiment (Djordjevic et 
al., 2002). 

It is known that the direct observation by microscopic 
techniques is the most important method to study 
adhesive cells and biofilms, but we think that the 
microtiter plate assay can be used alternatively as an 
accurate, rapid, reproducible and inexpensive primer 
screening method. Thus, this simple quantitative method 
enables us to assess simultaneously a big number of 
strains for their biofilm-forming ability. However, in order 
to complete and enhance the final results obtained in this 
study, it would be efficient to carry out other experiments, 
such as PCR for detection of icaADBC genes in the  
isolates and comparison with the microtiter plate assay 
results; and animal infection test especially among the 
four strongly adherent stains to assess the relationship 
between the biofilm formation and the pathogenicity. 
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