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This mini review contains a brief update on the pathogenicity of Staphylococcus epidermidis in ocular infections and it’s
capability of biofilm formation and adhesion on the materials used in intraocular lens implants in cataract surgery patients.
The review also gives an update on the genetic and molecular aspects in the understanding of biofilm formation by S.
epidermidis strains on medical implants. A better understanding is needed to evaluate therapeutic strategies against S.
epidermidis population.
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1. Pathogenicity of Staphylococcus epidermidis in ocular infections
Whereas previously only regarded as an innocuous commensal microorganism in the human eye, Staphylococcus
epidermidis is nowadays seen as an important opportunistic pathogen. It is now the most frequent cause of nosocomial
infections, at a rate about as high as that due to its more virulent cousin Staphylococcus aureus [1]. In particular, S.
epidermidis represents the most common source of infections on indwelling medical devices. This likely stems from the
fact that S. epidermidis is a permanent and ubiquitous colonizer of human eye, and the resulting high probability of
device contamination during insertion [2].
While S. epidermidis infections only rarely develop into life-threatening diseases, their frequency and the fact that
they are extremely difficult to treat represent a serious burden for the public health system. Treatment is complicated by
specific antibiotic resistance genes and the formation of biofilms, multicellular agglomerations that have intrinsic
resistance to antibiotics and mechanisms of host defense [3]. Furthermore, recent investigation has identified specific
molecular determinants facilitating S. epidermidis immune evasion and ability to cause chronic disease. Interestingly,
many of these determinants are believed to have original functions in the non-infectious lifestyle of this microorganism,
emphasizing the accidental nature of S. epidermidis infections.
A better understanding of S. epidermidis physiology not only during infection, but also in its commensal status is
urgently needed to evaluate therapeutic strategies against S. epidermidis population.

2. Biofilms- An introduction
Initial microbial adhesive interactions are divided into adhesion to substratum surfaces, coaggregation between
microbial pairs and co-adhesion between sessile and planktonic microorganisms of different strains or species. The
physico-chemical mechanisms underlying the adhesive interactions could be understood with the use of the parallel
plate flow chamber along with other methods as discussed by Bos et al. [4]. For each of the three microbial adhesive
interactions distinguished, there is a role of Lifshitz-van der Waals, acid-base and electrostatic interactions.
An understanding of the relationships among species in the biofilm city is essential to the appreciation of the benefits
of biofilm-associated living, as mentioned by Watnick et al. [5]. The multispecies bacterial biofilm is like a city where
bacteria settle selectively, limit settlements of new bacteria, store energy in exopolysaccharide, and transfer genetic
material horizontally all for the good of the many. A genetic and biochemical understanding of the interactions between
species in a biofilm, complex though they may be, is critical to the understanding of how the biofilm city functions and
survives. In multiple-species biofilms many different types of soluble biofilm-specific signals would be discovered
whose influence on dissimilar bacterial neighbours would be sometimes helpful and sometimes detrimental or even
fatal. When conditions in the biofilm change, such interactions may determine which cells survive, which perish, and
which move on.
The process of surface adhesion and biofilm development is a survival strategy employed by virtually all bacteria and
refined over millions of years. This process is designed to anchor microorganisms in a nutritionally advantageous
environment and to permit their escape to greener pastures when essential growth factors have been exhausted.
Bacterial attachment to a surface can be divided into several distinct phases, including primary and reversible adhesion,
secondary and irreversible adhesion, and biofilm formation. Each of these phases is ultimately controlled by the
expression of one or more gene products. Ultrastructurally, the mature bacterial biofilm resembles an underwater coral
reef containing pyramidal or mushroom-shaped microcolonies of organisms embedded within an extracellular
glycocalyx, with channels and cavities to allow the exchange of nutrients and waste. The biofilm protects its inhabitants
from predators, dehydration, biocides, and other environmental extremes while regulating population growth and
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diversity through primitive cell signals. From a physiological standpoint, surface-bound bacteria behave quite
differently from their planktonic counterparts, as reported by Dunne [6].

3. Adherence of S. epidermidis strains to various materials used in intraocular lenses
(IOLs)
The role of colonisation in the pathogenesis of endophthalmitis has been speculated by Griffiths et al. [7]. It was
demonstrated, with an in vitro model, that Staphylococcus epidermidis is able to colonise intraocular lenses. Adherent
organisms were quantitated by light microscopy, scanning electron microscopy, and viable counting. Bacterial
adherence was associated with production of a polysaccharide glycocalyx. Organisms which were attached to the lenses
were resistant to apparently bactericidal concentrations of antibiotics, as determined by conventional testing.
Pinna et al. showed that adherence of S. epidermidis to IOLs plays a role in the pathogenesis of some forms of
endophthalmitis after cataract surgery [8]. A clinically relevant ocular isolate of Staphylococcus epidermidis was
investigated for adherence onto polymethylmethacrylate (PMMA) and Acrysof (Alcon Surgical, Fort Worth, TX) IOLs.
Results suggested that in vitro adherence of S. epidermidis to IOLs is influenced by IOL materials. After 3 minutes
incubation, Acrysof IOLs appeared to be more permissive to S. epidermidis adherence than PMMA IOLs. The
difference was statistically significant (P < 0.05). However, at 90 minutes, Acrysof IOLs had a lower viable bacterial
count than did the PMMA IOLs. Bacterial adherence appeared to be greater in areas with surface irregularities.
Similarly, an in vitro adherence of slime-producing and non-slime-producing Staphylococcus epidermidis to different
IOLs was compared by Garcia-Saenz et al. to study the organism’s contribution to postoperative endophthalmitis [9].
Slime-negative strains of S epidermidis adhered to all IOLs but at a lower level than slime-positive strains. The most
adherent lenses were acrylic with the positive strain and PMMA with the negative strain. The least adherent IOLs were
PMMA with the positive strain and hydrogel with the negative strain. There were no significant differences between
rigid and foldable lenses. Polypropylene was significantly more adherent than PMMA to the slime-positive strain. The
acrylic and the heparin-surface-modified (HSM) PMMA IOLs were significantly more adherent to the positive strain.
Pinna et al. also reported that adherence appears to be greater when the bacterial DNA contained the ica locus [10].
For this the adherence of two clinically relevant ocular isolates of Staphylococcus epidermidis to ACRYSOF IOLs
(Alcon Surgical, Fort Worth, Texas) was investigated and whether the strains under study carried the intercellular
adhesion (ica) locus was determined, which encodes production of S. epidermidis antigens mediating adherence to
biomaterials. Direct counting of adherent bacteria in scanning electron microscopy photographs revealed that the total
amount of adhered bacteria per area of IOL optic after 3, 30, and 90 minutes of incubation in bacterial suspension was
1306/mm2, 3389/mm2, and 7195/mm2 (S. epidermidis 1) and 778/mm2, 1056/mm2, and 3861/mm2 (S. epidermidis 2).
Differences at 30 and 90 minutes were statistically significant (P = 0.01 and 0.02, respectively). Polymerase chain
reaction amplification revealed that S. epidermidis 1 contained the ica locus, whereas S. epidermidis 2 was ica negative.
Different ocular isolates of S. epidermidis may differ significantly with regard to adherence to ACRYSOF IOLs
depending upon the presence of ica locus.
In another study by Kodjikian et al., the in vivo behavior of the ability of the Staphylococcus epidermidis strain
(American Type Culture Collection [ATCC] 14990) to attach to 120 IOLs made of five different biomaterials: fluorine
PMMA, heparinized PMMA, silicone, hydrophobic acrylic, and hydrogel [11]. The pig was chosen as an animal model
of endophthalmitis, after a bibliographical analysis and a personal study of its aqueous humor composition. The extent
of bacterial binding (expressed as bound bacteria per area unit) was found to range in increasing order from hydrogel, to
fluorine PMMA, to hydrophobic acrylic, to heparinized PMMA, to silicone polymer. Comparison of pairs of materials
showed statistically significant differences, except between hydrogel and fluorine PMMA. Bacterial adhesion to the
implant surface seemed to depend on the hydrophobicity or hydrophilicity of the biomaterial.
In support of the above, another study by Schauersberger et al. showed that hydrophilic IOLs can help reduce the rate
of postoperative endophthalmitis as a result of their surface properties [12]. Four types of rigid IOLs (hydrophobic
PMMA and hydrophilic HSM PMMA) and 5 types of foldable intraocular lenses (hydrophobic silicone, hydrophobic
acrylic, and hydrophilic acrylic) were used in the experiment to determine the in vitro bacterial adherence to IOLs
routinely used at 1 center in Austria. Under standardized conditions, the IOLs were contaminated with 2 strains
of Staphylococcus epidermidis. A sonication method and impression method were used for quantification. The mean
bacterial density per lens type (colony forming units/mm2) was compared. With both germs and both quantification
methods, more bacteria was found on hydrophobic lenses than on IOLs with hydrophilic surfaces (P = .001). The Alcon
AcrySof® and Askin UV80F® IOLs had the greatest and the Corneal Acrygel® and Bausch & Lomb Hydroview®
IOLs the least affinity to these microorganisms.
Another similar study was carried out by Kodjikian et al. to analyze and compare the adherence of Staphylococcus
epidermidis to IOLs made of five different biomaterials (native or heparinized polymethylmethacrylate, silicone,
hydrophilic acrylic, or hydrogel) and to detail the different steps and mechanisms of bacterial adhesion to a polymer
[13]. Bacterial adhesion was statistically weakest on hydrogel and then on hydrophilic acrylic polymer. Adhesion
depended on the hydrophobicity or hydrophilicity of the biomaterials. Slight differences were found between
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bioluminescence and scanning electron microscopy (SEM), and these differences were explained. Furthermore, SEM
observations highlighted two different patterns of bacterial adhesion (isolated bacteria and clusters of bacteria),
assuming that hydrophobic IOLs (silicone and PMMA) probably facilitate bacterial colonization and biofilm
production. Attachment mechanisms may be different in each case, depending on the polymer material and the infecting
organism, because there are various types of behavior among S. epidermidis strains. Hydrophilic polymer surfaces
(hydrogel and probably hydrophilic acrylic) seem to be useful in avoiding the development of bacterial colonies and
hence in preventing endophthalmitis. Fewer bacteria were attached, demonstrating inhibition or delay in bacterial
colonization.
Adherence is known to be greater when the bacterial DNA contain the ica locus, as reported by Kodjikian et al. [14].
Full knowledge of the pathogenesis of bacterial adhesion is necessary to gain a better understanding of IOL infection
and endophthalmitis. For this, it was determined whether the Staphylococcus epidermidis strain carried the intercellular
adhesion (ica) locus, which encoded production of adhesins mediating adherence to biomaterials and with scanning
electron microscopy, the morphologic features of this coagulase-negative Staphylococcus strain that adhered to IOLs
were studied. Polymerase chain reaction amplification revealed that S. epidermidis N890074 contained the ica locus.
The bacteria appeared to be anchored to the surface of the lenses by several different means—particularly by leglike
appendages and a slime layer—which probably came into play step by step.
Bailiff et al. described the binding of bacteria to IOLs as a two-phase process including an initial, instantaneous, and
reversible phase followed by a time-dependant and irreversible molecular and cellular phase [15]. The binding of
bacteria is affected by many factors including environmental factors such as medium composition, presence of proteins
and flow conditions, the bacterial cell surface characteristics, and the material's surface properties. A better
understanding of these mechanisms would make it possible to reduce the bacterial adhesion process and thus could help
decrease the incidence of postoperative endophthalmitis.

4. Understanding biofilm formation by Staphylococcus species on medical implants –
genetic and molecular aspects
Slime production is not a generally recognized feature of Staphylococcus epidermidis. In an outbreak of S. epidermidis
intravascular catheter associated sepsis, it was noted that 63% of clinically implicated strains grew as a slimy film
coating the culture tube walls when propagated in tryptic soy broth. Only 37% of randomly collected blood culture
contaminants and skin isolates demonstrated a similar phenomenon (p < 0.05). When grown in vitro, slime producers
accumulated on the surface of intravascular catheters as macrocolonies, whereas non-slime, producers did not.
Transmission and scanning electron micrographs showed slime producers to be encased in an adhesive layer on the
catheter surface, whereas non-producers were not encased. These results of the work done by Christensen et al. suggest
that slime-mediated adherence may be a critical factor in the pathogenesis of S.epidermidis infections of medical
devices [16]. Clinical studies performed by Christensen et al. have also found an association between slime production
and strains of coagulase-negative staphylococci that infect indwelling medical devices [17]. They concluded that
phenotypic expression of slime production is subject to both in vitro and in vivo variation, with regard to their
adherence characteristics and 50% infective dose and could play a role in the pathogenesis of foreign body infection.
Jones et al. in the year 1992 reported that slime production and adherence had a limited role in the differentiation
between clinically significant and contaminant strains isolated from blood cultures; however, the absence of slime and
adherence in isolates of S. epidermidis suggested a lack of pathogenicity [18]. A study was conducted in which
251strains of coagulase-negative staphylococci (CNS) isolated from patients in hospital and the community were
investigated for slime production and adherence as indicators of pathogenicity. Staphylococcus epidermidis formed
68.5% (126) of the isolates of CNS from blood and central venous catheter (CVC) tips, of which 46.0% (58) were
slime-positive and adherent. Clinically significant infections were associated with 55.2% (32) of the slime-positive
adherent strains isolated and 11.1% (four) of slime-negative non-adherent strains of S. epidermidis. For other species of
CNS isolated from blood and CVC tips 74.1% (43) were slime negative non-adherent and 18.6% (eight) of these were
considered clinically significant isolates while none of the slime positive adherent strains were associated with a
clinically significant infection. Slime production and adherence were not characteristic properties of CNS causing
community-acquired urinary tract infection or colonizing the nasal mucosa.
Several methods have been introduced to assess the mass of adherent bacteria and the slimy matrix in which they are
embedded. Some methods measure total biofilm, others measure the organisms or the slime alone. In vitro, the type of
medium, the atmosphere during incubation, and the nature of the solid surface, affect the quantity of biofilm that is
formed. In most studies on the chemistry of the slime, the material used was formed on complex media solidified with
agar. Contamination by ingredients of the media or by agar may not always have been recognised. Recent work with
chemically defined medium (liquid or solidified with silica gel) shows that the slime is a mixture of about 80% (w/w)
teichoic acid and 20% protein, as discussed by Hussain et al. [19]. Growth as a biofilm may protect the staphylococci
from antibiotics. At present, the greatest success in preventing infection has come from improved surgical techniques
during the insertion of implants.
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In another study done by Muller et al., clinical isolates of coagulase-negative staphylococci were analyzed for
elaboration of the capsular polysaccharide/adhesion (PS/A) and extracellular biofilm or slime [20]. Of the 151 analyzed,
103 (68%) produced PS/A and 69 (46%) made extracellular slime; 87% of the slime-producing isolates made PS/A.
Among isolates from all clinical infections examined except peritonitis, PS/A-positive isolates bound significantly (P <
.001) more colony-forming units after 15 min to 1.5-cm segments of silicone-elastomer catheter than did PS/A-negative
isolates. Slime-positive isolates were not more adherent than slime-negative isolates, because 42% of the PS/A-positive
isolates were slime-negative. Thus, PS/A expression is common among clinical isolates of coagulase-negative
staphylococci, accounting for most slime-positive and a proportion of slime-negative isolates.
According to O’Gara et al. epidemiological data that address whether invasive S.epidermidis strains can be traced to
commensal organisms or an endemic occurrence of distinct strains with enhanced virulence, have important
implications for the implementation of appropriate infection control measures [21]. An extracellular polysaccharide
adhesin represents a key virulence determinant in S. epidermidis and is required for biofilm formation. Production of
this adhesin, which is encoded by the ica operon, is subject to phase variable regulation (ON <---> OFF switching).
Cerca et al. showed that high levels of initial adherence do not necessarily lead to thick biofilm formation [22]. These
two aspects of the pathogenesis of medical device related-infection needs to be evaluated independently to ascertain the
contribution of each to the virulence of S. epidermidis causing device-related infections. In this study, the initial
adhesion to different materials (acrylic and glass) of 9 clinical isolates of S. epidermidis, along with biofilm positive and
biofilm negative control strains, was assayed using physico-chemical interactions to analyze the basis for bacterial
adherence to the substratum. X-ray photo electron spectroscopy (XPS) analysis of the cell surface elemental
composition was also performed in an attempt to find a relationship between chemical composition and adhesion
capabilities. Biofilm formation on the two surfaces was evaluated by dry weight measurements. Human erythrocytes
were used to evaluate the ability of S. epidermidis strains to cause hemagglutination, an indicator of the production of a
poly- N -acetyl glucosamine cell surface polysaccharide also involved in biofilm formation. The clinical isolates
exhibited different cell wall physico-chemical properties, resulting in differing abilities to adhere to surfaces. Adhesion
to hydrophobic substrata for all strains occurred to a greater extent than that to hydrophilic surfaces. Bacterial cell
hydrophobicity seemed to have little or no influence on adhesion. X-ray photoelectron spectroscopy analysis showed a
high ratio of oxygen/carbon for all strains, which is a common characteristic of S. epidermidis species. No relevant
relationship was found between XPS data and adhesion values. All strains forming biofilms were able to agglutinate
erythrocytes. However, no direct relationship was found between the amount of biofilm formed and the initial adhesion
extent.
In recent years, an increase in ocular pathologies related to soft contact lens has been observed. The most common
infectious agents were Staphylococcus spp. Some strains produce an extracellular polysaccharidic slime that can cause
severe infections. Polysaccharide synthesis is under genetic control and involves a specific intercellular adhesion (ica)
locus, in particular, icaA and icaD genes. Conjunctival swabs from 97 patients with presumably bacterial bilateral
conjunctivitis, wearers of soft contact lenses were examined. The ability of staphylococci to produce slime was related
to the presence of icaA and icaD genes. It was found that 74.1% of the S. epidermidis strains and 61.1% of the S.
aureus strains isolated were slime producers and showed icaA and icaD genes. Both S. epidermidis and S. aureus slimeproducing strains exhibited more surface hydrophobicity than non-producing slime strains. The Pulsed Field Gel
Electrophoresis (PFGE) patterns overlapped in S. epidermidis strains with high hydrophobicity. The similar PFGE
patterns were not related to biofilm production. In this study by Catalanotti et al. there was scarce matching among the
Staphylococcus spp. studied, slime production, surface hydrophobicity and antibiotic susceptibility [23].
The organism, S. epidermidis displays a high diversity of antibiotic resistance profiles and biofilm formation
capacity, as shown by Juárez-Verdayes et al. [24]. The infection frequency associated to bacterial conjunctivitis, corneal
ulcers (CU), and endophthalmitis was studied along a five years period. The isolation and identification of
microorganisms were performed by culture-based methods and biochemical test respectively. Also, a nested polymerase
chain raction (PCR) to detect gram-negative and gram-positive bacteria in the clinical samples was assayed. Nested
PCR was a more efficient method than culture to detect bacteria in the samples. The most frequently isolated species
was Staphylococcus epidermidis, a bacterium commonly considered as a human saprophyte. The S. epidermidis strains
from conjunctivitis, CU, and endophthalmitis exhibited 46, 33.9, and 34.1% of oxacillin-resistance respectively. A total
of 28% of intermediate-vancomycin resistance (MIC = 8-16 microg/ml) was observed among S. epidermidis strain
collection. The Unweighted Pair Group Method with Arithmetic Mean (UPGMA) cluster analysis of the multiresistance profile data of intermediate vancomycin-resistant S. epidermidis strains showed a high phenotypic diversity
and no relationship between each group and their clinical origin. The biofilm formation capacity was broadly distributed
(66%), particularly among intermediate vancomycin resistant strains (> 75%). These phenotypic traits could explain the
high isolation frequency of S. epidermidis from ocular infections and oblige to review the saprophytic status of these
bacteria.
Recent progress in elucidating the role of the icaADBC-encoded polysaccharide intercellular adhesin (PIA) or
polymeric N-acetyl-glucosamine (PNAG) in staphylococcal biofilm development has in turn contributed significantly to
our understanding of the pathogenesis of device-related infections. Nevertheless, our understanding of how the ica locus
and PIA/PNAG biosynthesis are regulated is far from complete and many questions remain. Moreover, beyond ica,
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evidence is now emerging for the existence of ica-independent biofilm mechanisms in both Staphylococcus aureus
and Staphylococcus epidermidis. Teichoic acids, which are a major carbohydrate component of the
S. epidermidis biofilm matrix and the major cell wall autolysin, play an important role in the primary attachment phase
of biofilm development, whereas the cell surface biofilm-associated protein and accumulation-associated protein are
capable of mediating intercellular accumulation. According to O’Gara et al. these findings raise the exciting prospect
that other surface proteins, which typically function as antigenic determinants or in binding to extracellular matrix
proteins, may also act as biofilm adhesins[25].
The population dynamics of S. epidermidis revealed that there are significant genetic variations that can be detected
through fluorescence-amplified fragment length polymorphism (FAFLP) between ocular disease causing isolates and
the commensal population, as shown by Duggirala et al. [26]. For this, the potential phenotypic and genetic differences
among the Staphylococcus epidermidis isolates obtained from control subjects (lower conjunctival sac; n-14) with those
from patients with keratitis (corneal scrapings; n- 18) or endophthalmitis (vitreous; n- 24) were investigated. Biofilmforming capacity was detected by PCR for the icaAB gene and phenotyping by microtiter plate assay and congo red
agar plate. Genotyping was performed by using FAFLP and in silico analysis of the FAFLP profiles. Biofilm
phenotyping (congo red agar/microtiter plate) differentiated disease-causing strains from control subjects. PCR assays
(mecA, icaAB) were not useful in differentiating disease-causing strains from that of control subjects. The biofilmforming capability appeared more critical in the pathogenesis of keratitis than in that of endophthalmitis. Cluster
analysis of FAFLP data generated 11 clusters comprising 4 major clusters (I, II, III, and V) and 7 minor ones. FAFLP
analysis clearly showed clustering of most of the commensal isolates in cluster I, separate from keratitis and
endophthalmitis isolates. In silico analysis mapped signature bands to genes such as ebh, tagD, ptsI, and sepA, which
might have a significant role in transforming less virulent populations of S. epidermidis to more virulent ones.
A series of surface proteins mediate initial attachment to host matrix proteins, which is followed by the expression of
a cationic glucosamine-based exopolysaccharide that aggregates the bacterial cells, and may function as alternative
aggregating substances. Furthermore, surfactant peptides have now been recognized as key factors involved in
generating the 3-dimensional structure of a staphylococcal biofilm by cell-cell disruptive forces, which eventually may
lead to the detachment of entire cell clusters. Transcriptional profiling experiments have defined the specific physiology
of staphylococcal biofilms and demonstrated that biofilm resistance to antimicrobials is due to gene-regulated
processes. Finally, novel animal models of staphylococcal biofilm-associated infection have given an important
information on which factors define biofilm formation in vivo. These recent advances constitute an important basis for
the development of anti-staphylococcal drugs and vaccines, as reported by Otto [27].
Since bacteria embedded in biofilms are far more difficult to eradicate than planktonic infections, it would be useful
to know whether certain Staphylococcus aureus lineages are especially involved in strong biofilm formation. For this
reason, in vitro biofilm formation of 228 clinical S. aureus isolates of distinct clonal lineages was investigated. At 0.1%
glucose, more than 60% of the S. aureus strains associated with multilocus sequence typing (MLST) clonal complex
(CC)8 produced large amounts of biomass, compared to 0-7% for various other clonal lineages. Additionally, S.
aureus bloodstream isolates associated with MLST CC8 and CC7 had similar biofilm forming capacities as their
commensal counterparts. Furthermore, strong biofilm formation could not be attributed to a specific accessory gene
regulator (agr) genotype strictly associated with clonal lineages, as suggested previously. The adherence to polystyrene
surfaces under physiologic glucose concentration (0.1%) was dependent on the clonal lineage. Strains associated with
MLST CC8 were markedly more often classified as strong biofilm former at glucose concentrations of 0%, 0.1% and
0.25%. This study by Croes et al. (2009) reveals that the MLST CC8 associated genetic background was a predisposing
factor for strong biofilm formation in vitro, under all tested glucose concentrations [28].
At present, polysaccharide intercellular adhesin (PIA) is the best studied factor involved in
S.epidermidis biofilm accumulation. PIA is a glycan of beta-1,6-linked 2-acetamido-2-deoxy-D-glucopyranosyl
residues of which 15 % are non-N-acetylated. PIA-producing S. epidermidis are widespread in clinical strain collections
and PIA synthesis has been shown to be essential for S. epidermidis virulence. According to Rohde et al. (2010), PIA
homologues have been identified in many other staphylococcal species, including the major human pathogen
Staphylococcus aureus, and also Gram-negative human pathogens, suggesting that it might represent a more general
pathogenicity principle in biofilm-related infections [29].
The surface properties of bacteria play an important role on adhesion to the biomaterial surface. In this study done by
Sudaidan et al. (2010), the surface properties of Staphylococcus epidermidis strains isolated from clinically used
polymeric biomaterial surfaces were investigated on the basis of zeta potential, hydrophobicity and surface topography
[30]. A total of 10 S.epidermidis strains isolated from intravenous catheters (n = 5), endotracheal tubes (n = 3) and
central venous catheters (n = 2) which were used in the patients of pulmonary Intensive Care Unit, Ege University
Medical Faculty Hospital, were included to the study. Seven of those isolates were biofilm producers, inhabiting biofilm
genes, 2 were non-biofilm producers, however, inhabiting biofilm genes, and 1 was non-biofilm producer, inhabiting no
biofilm genes. Zeta potential analyses have been performed in 3 different buffers and at different pH values, in order to
simulate in vivo environment of the biomaterials. Hydrophobicities of the strains were examined by bacterial adhesion
to hydrocarbon (BATH) test and the surface topography of biofilms and slime layers were visualized by atomic force
microscopy (AFM) and scanning electron microscopy (SEM) methods. It was found that all strains have negative zeta
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potential values (surface charge) in all buffers and pH values. In hydrophobicity analysis, the highest value (86%) was
determined for non-biofilm forming S. epidermidis strain YT-169b (endotracheal tube isolate) and the lowest
hydrophobicity (2.5%) was determined for biofilm forming S. epidermidis strain YT-212 (central venous catheter
isolate). SEM analysis showed that bacteria highly adhered to rough surfaces on biomaterial surfaces and the produced
slime layers covered the surface of bacteria.
The multitude of biomolecular and regulatory factors involved in staphylococcal adhesion and biofilm formation owe
much to their ability to colonize surfaces, allowing the biofilm form to become the preferential bacterial phenotype.
Judging by total number, biomass and variety of environments colonized, bacteria can be categorized as the most
successful life form on earth. This is due to the ability of bacteria and other microorganisms to respond phenotypically
via biomolecular processes to the stresses of their surrounding environment. Laverty et al. (2013) reported that there are
specific
pathways
involved
in
the
adhesion
of
the
Gram-positive
bacteria Staphylococcus
epidermidis and Staphylococcus aureus with reference to the role of specific cell surface adhesins, the ica operon,
accumulation-associated proteins and quorum-sensing systems and their significance in medical device-related infection
[31].
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