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Role of Staphylococcus epidermidis Virulence
Factors in Adhesion to Intravascular Cannulae
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ABSTRACT

Introduction: The adhesion of bacteria to implanted devices in
the human body is a major risk factor that can affect the long-
term success of these devices. Staphylococcus epidermidis
(S. epidermidis) have few virulence factors which have been
identified and reported including autolysin (AtIE), Polysaccharide
Intercellular Adhesin (PIA), Fibrinogen Binding Protein (SdrG)
and Lipase enzymes (GehC and GehD). These virulence factors
play an important role in the pathogenesis of S. epidermidis.

Aim: To investigate the role of some of the virulence factors
of S. epidermidis in the adhesion to three different types of
intravascular cannulae used in hospitals.

Materials and Methods: Three different types of most
commonly used intravascular cannulae in hospitals were
tested in this study. Polytetrafluoroethylene (PTFE), Siliconized
Polytetrafluoroethylene (SPTFE) and Vialon cannulae were
incubated with different S. epidermidis strains, including the
mutant strains that were deficient in a specific virulence factor,
each separately. The virulence factors tested with each strain
were AIRE, PIA, SdrG and Lipase enzymes (GehC and GehD).
The number of detached bacteria were determined by plating
serial dilutions on agar plates. Experiments were repeated
and expressed as means and standard deviations with at
least three experiments. Results were computed and analysed
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using Statistical Package for Social Sciences (SPSS) version-
20 program. Tabulated values were compared with a student’s
t-test. Statistical significance was defined as p<0.05.

Results: All three types of intravascular cannulae showed
significant reduction in adhesion by means of cfu/mL with the
mutant strains deficient in adhesion factors when compared to
the wild strains. The reduction in the percentages of adhesion
of AtlE-strain when compared to wild type strain were 35%
for PTFE, 38% for SPTFE and 48% for Vialon cannula. This
was statistically significant. PTFE (p-value=0.005), SPTFE
(p-value=0.02), and Vialon (p-value=0.001). Likewise, all three
types of cannulae showed reduction that was statistically
significant except for one mutant strain which was deficient
in GehC lipase. However, GehD lipase showed statistically
significant reduction in adhesion of bacterial colonies similar
to mutant strains for PIA and SdrG indicating a role of these
virulence factors in the process of adhesion to biomaterials.

Conclusion: The virulence factors of S. epidermidis; AtIE, PIA,
SdrG and Lipase GehD, play an important role in the adhesion
to intravascular cannulae. Further researches are needed to
investigate the involvement of other virulence factors in order to
understand and prevent such mechanism.
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INTRODUCTION

Adhesion process of bacteria to implanted devices in the human
body is a major risk factor that can affect the long-term success
of these devices. These devices can increase life expectancy and
give better health outcomes to patients [1]. However, there is a
risk of device related infection, which is an infection related to
any implanted device in the human body such as catheters and
cannulae. It is however difficult to avoid such infections as local
bacterial infection in presence of implanted devices can occur
even with minimum number of bacteria when compared to the
situation where there is no implanted device in the body. The
minimum bacterial dose to cause pus by intradermal injection has
already been demonstrated in human volunteers [2]. Although
of all available studies on bacterial colonisation and adhesion
to medical devices, mechanism of the process of adhesion and
colonisation is not fully understood [3-8]. For infection to occur, the
bacteria have to come very close to the surface of the device. This
usually happens with the help of many factors including Vander
Waals, hydrophobic and electrical forces. Once the bacteria is on
top of the surface there will be a biochemical interaction with the
surface and bacteria. The ability of bacteria to produce specific
components such as virulence factors may help in bacterial
adhesion and colonisation of the surface of the device [9,10].

Intravenous cannulae are routinely used during hospital admission
for various ailments and to facilitate treatment. Previously, it has
been shown that two bacteria known to cause skin infections;
Staphylococcus epidermidis (S. epidermidis) and Staphylococcus
aureus (S. aureus) can adhere to Polytetrafluoroethylene (PTFE),
Siliconized Polytetrafluoroethylene (SPTFE) and Vialon cannulae
materials in a process which is time dependent [11].

The formation of biofilm by bacteria on the surfaces of implanted
device like the intravenous cannulae in the human body complicates
the situation and makes the treatment of device related bacterial
infection difficult. Biofilms protect the bacteria from external
environmental factors, immune system and antibiotics [12].
The metabolic activity of bacteria inside biofiims also changes
rendering the situation more difficult. The main virulence activity
of S. epidermidis comes from its ability to produce Exopolymeric
Substances (EPS) to help it in adhesion to biomaterials and forming
biofilms [13]. S. epidermidis is known as the major pathogen involved
in medical device infections. More than 22% of the collected infective
samples in Intensive Care Units (ICU) in United States are related
to S. epidermidis [14]. This bacterium is also considered as one of
the most frequent blood culture contaminant [15]. Catheters which
are used in hospitalised patients are considered the most common
cause of bacteremia in patients and the causative organism is
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mainly coagulase-negative staphylococci such as S. epidermidis.
This bacterium is responsible for more than 50% of these catheter
related infections [16].

Biofilm formation by S. epidermidis is considered as one of the
important virulence factors by which the bacteria can evade the host
defense mechanism and cause infections. Different stages have
been described in the process of formation of biofim starting with
the primary attachment of bacteria to the formation of multi-layered
cell clusters with cell-cell adhesion. S. epidermidis can attach directly
to the surface of the implant material or to matrix proteins which coat
the device surface and originate from the host [17].

It was demonstrated recently that S. epidermidis biofims have a
huge number of cells that are called persistent cells which protect
the bacteria from neutrophils and immune system [18]. PIA which
is controlled by the ica operon is another virulence factor of S.
epidermidis that has been shown to play an important role as a
virulence factor for this bacterium. Another virulence factor which
is important in accumulation of S. epidermidis biofiim is the
biofilm associated protein Bap/Bhp which is considered a surface
adhesion protein [19]. S. epidermidis also have the Poly-y-Glutamic
Acid (y-PGA) which may have a role in evading host defense by
affecting the phagocytosis process [20]. It has been shown that
S. epidermidis has enterotoxin like toxin which may be part of the
virulence mechanism of this bacterium. Delta toxin is also produced
by S. epidermidis and can cause cytolytic activity to lyse blood cells
and induce bleeding [21]. Phenol Soluble Modulins (PSMs) which are
able to lyse white and red blood cells; and further induce cytokines
production are found in S. epidermidis. The most important PSMs
in this bacteria was found to be the cytolysin which is one of the
six element PSMs identified in S. epidermidis [22]. An extracellular
matrix protein called Embp was also identified in S. epidermidis.
This protein is an important factor as a fibronectin binding protein
which helps S. epidermidis in forming biofim as well as its adhesion
to biomaterials [23].

Another virulence factor of S. epidermidis is the production of
lantibiotic which may play an important role in the colonisation of
this bacterium on skin and mucous membrane. Many other proteins
are produced by S. epidermidis including cell wall associated and
cytoplasmic associated proteins such as the 42 kDa protein which
is a cell wall glyceraldehydes-3-phosphate dehydrogenase and the
32 kDa cytoplasmic membrane lipoprotein. These proteins may have
arole in S. epidermidis pathogenicity [24]. It has been shown that
S. epidermidis can produce many enzymes that help the bacteria
to colonise and evade host defense mechanism. Examples of these
enzymes are lipases such as the GehC and GehD lipase which are
thought to be part of the virulence mechanism of S. epidermidis
[25-27]. All these virulence factors are controlled by the genetics of
these bacteria. In S. aureus, most of the extracellular and surface
associated virulence factors are controlled by the accessory gene
regulator (agr). In the past few years, S. epidermidis has become
a very important organism in medical device related infection.
Intervascular cannulae (catheters) are used routinely in hospital for
drug and fluid delivery for admitted patients. S. epidermidis is an
important skin commensal, so all such catheters are subjected to
be colonised by such organism after their insertion. The purpose
of this study was to examine the ability of S. epidermidis to adhere
to different types of cannulae made of different materials. At the
same time this study aimed to investigate the role of different
S. epidermidis virulence factors in the role of adhesion of this
organism to intravascular cannulae.

MATERIALS AND METHODS

The present in-vitro study was conducted at the College of
Dentistry Research Center Laboratories, King Saud University;
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Riyadh, Saudi Arabia during October 2019 and January 2020. The
manuscript was a part of the PhD thesis for which an ethical and an
institutional approval was granted.

Bacterial Strains and Growth

S. epidermidis strains that were used in this study include
S. epidermidis strains O-47 and its mutant strain deficient in AtlE
and mutant strain deficient in PIA. The other strain used was
S. epidermidis strain HB and its mutant strain deficient in fibrinogen
binding protein (SdrG). Finally, S. epidermidis strain 9 and its mutant
strains which are deficient in production of lipase enzymes were
used. These include S. epidermidis strain 2J24 deficient in GehC
lipase enzyme (GehC mutant), and strain KIC82 deficient in GehD
lipase enzyme (GehD mutant). All the strains were obtained from
Department of Microbiology, King Saud University.

S. epidermidis strain 9 which was used in the current study is a
wild type strain isolated from volar forearm [26]. Its isogenic mutants
deficientin GehC (2J24) or GehD (KIC82) are otherwise identical to the
wild-type strain, with minimal introduction of foreign genetic material
and were modified using allele replacement mutagenesis [28]. Strain
0-47 is a biofilm-positive clinical isolate and its AtlE isogenic mutant
Strainis a Tn977 insertional mutant that is deficient in AtlE production.
The other O-47 mutant strain is a Tn917 insertional mutant that is
deficient in PIA production because of interruption of the ica locus
[29]. Strain HB is an isolate from a patient with osteomyelitis [30].
This strain is positive in SdrG which is a 119-kDa surface protein on
S. epidermidis which mediates adhesion to fibrinogen. Its isogenic
mutant is deficient in this important protein [31].

Cannulae Materials

Three different types of the most commonly used intravascular
cannulae in hospitals were tested in this study. The first, PTFE,
second the SPTFE and third; Vialon cannula. The PTFE material is
a fluorocarbon solid which is cosidered as a high-molecular-weight
material. The SPTFE material has a high resistance to changes and
also possesses a good tissue compatibility. The Vialon material is a
special biomaterial which was developed in the past years especially
for human intravascular access for fluid and drug delivery. It applies
minimum pressure on the blood vessel walls and this effect avoids
the risk of vessel penetration. The three cannulae were cut into two
centimeters length and then heated at the end of each cannula to close
its end to avoid bacteria from entering inside the lumen. Cannulae
were then sterilised using ethylene oxide (EtO) method [32,33].

Adhesion Assay

The two-centimeter sterile intravascular cannula was incubated
with different S. epidermidis strains including the mutant strains
that are deficient in specific virulence factor, each separately.
The piece of cannula was incubated with each bacterium in four
milliliters of phosphate buffered saline. The number of bacteria
added were determined based on the dilution curve for each strain
by measuring the abosrbance at wave length 650 nm using the
spectrophotometer. A total of 108 cell/mL bacteria were used in
adhesion experiment for each strain. After two hours incubation
period of bacterial strains and different cannulae at a temperature
of 37°C, non-adhered bacteria which were present in the medium
were removed by washing the cannula three times with phosphate
buffered saline. The liquid from the washing steps of cannulae was
investigated for bacteria by plating on agar plates. In order to remove
the adherent bacteria on intravascular cannulae, the cannulae
samples were resuspended again into four mL of phosphate buffer
saline with Tween 20 and vortexed to detach any attached bacteria
to the surface of the cannuale. Vortexing was done for three minutes.
The number of detached bacteria were determined by plating serial
dilutions on agar plates [11,33]. To take an average of the results
these experiments were repeated at least three times. Numbers
of bacteria were calculated as Colony Forming Units (CFU)/mL.
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To calculate bacterial adhesion in percentage, CFU/mL of bacteria
adhered to each type of cannulae were divided by the CFU/mL of
wild strain (control) adhered to the same cannula and multiplied
by 100. Then the difference in adhesion percentages between
different strains was calculated by subtracting from 100. [Table/
Fig-1a,b] show the adhesion of S. epidermidis (strain O47) to PTFE
intravascular cannula under scanning electron microscope image.

[Table/Fig-1]: Scanning electron microscope (SEM) images of adhesion of
S.epidermidis (wild strain O47) to the PTFE intravascular cannula at lower and higher

magnification. The arrow shows the area of adhesion in the form of bacterial colonies.

STATISTICAL ANALYSIS

Data were computed and analysed using the SPSS v20 with a
student’s t-test. Significance was defined as <0.05. Data were
expressed as means and standard deviations of at least three
experiments.

RESULTS

S. epidermidis Autolysin (AtIE) plays a role in bacterial adhesion
to cannulae materials

To investigate the role of autolysin (AtIE) in adhesion of
S. epidermidis to PTFE, SPTFE and Vialon intravascular cannulae,
two S. epidermidis strains were used. The first one; strain O-47
and the second its isogenic mutant which is deficient in autolysin
(O-47 AME). The results in this experiment showed that there
was a significant reduction in adhesion of S. epidermidis to PTFE
(p-value=0.005), SPTFE (p-value=0.02), and Vialon (p-value=0.001),
intravascular cannulae. The reduction percentages of adhesion of
O-47 AME negative strain when compared to the O-47 wild type
strain were 35% for PTFE, 38% for SPTFE and 48% for Vialon
cannula respectively. This reduction in adhesion indicates the role of
AtIE in adhesion process of S. epidermidis to these cannulae. The
results are represented by [Table/Fig-2].
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[Table/Fig-2]: Adhesion of S. epidermidis strain O-47 isogenic mutant deficient in

Autolysin (AtIE) to three types of Intravascular cannulae. Data are the percentages of
adhesion to different cannulae compared to the control (100% adhesion of wild type
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strain O47). The results are from one representative experiment of at least three; data
are the means and standard deviations of three replicate cultures. The graph shows
that S. epidermidis mutant strain deficient in autolysin have less adhesion capacity.
*indicates that p-value is less than 0.05

S. epidermidis Polysaccharide Intercellular Adhesin (PIA) is
involved in adhesion to cannulae materials

To investigate the role of PIA in adhesion of S. epidermidis to PTFE,
SPTFE and Vialon intravascular cannulae, two S. epidermidis
strains were used. The first one; strain O-47 and the second its
isogenic mutant which is deficient in PIA (O-47 PIA). The results
in this experiment showed that there was a significant reduction
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in adhesion of S. epidermidis to PTFE (p-value=0.001), SPTFE
(p-value=0.01), and Vialon (p-value=0.0001), intravascular cannulae.
The reduction percentages of adhesion of O-47 PIA negative strain
when compared to O-47 wild type strain were 50% for PTFE, 47%
for SPTFE and 63% for Vialon cannula, respectively. Disruption of
PIA in mutant strain resulted in this reduction in adhesion and this
indicates the role of the PIA in adhesion process of S. epidermidis to
these cannulae. The results are represented in [Table/Fig-3].
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[Table/Fig-3]: Adhesion of S. epidermidis strains O-47 isogenic mutant deficient in
Polysaccharide Intercellular Adhesin (PIA) to three types of Intravascular cannulae.
Data are the percentages of adhesion to different cannulae compared to the control
(100% adhesion of wild type strain O-47). The results are from one representative

experiment of at least three; data are the means and standard deviations of three
replicate cultures. The graph shows that S. epidermidis mutant strain deficient in PIA
have less adhesion capacity.

*indicates that p-value is less than 0.05

S. epidermidis Fibrinogen Binding Protein (SdrG) is involved in
adhesion to cannulae materials

To investigate the role of fibrinogen binding protein (SdrG) in adhesion
of S. epidermidis to PTFE, SPTFE and Vialon intravascular cannulae,
two S. epidermidis strains were used. The first one; strain HB and
the second its isogenic mutant which is deficient in SdrG protein
(HB SdrG). The results in this experiment showed that there was a
significant reduction in adhesion of S. epidermidis HB SdrG strain
to PTFE (p-value=0.003), SPTFE (p-value=0.001), and Vialon
(p-value=0.0003), intravascular cannulae. The reduction percentages
of adhesion of HB SdrG negative strain when compared to HB wild
type strain were 45% for PTFE, 56% for SPTFE and 40% for Vialon
cannula, respectively. This reduction in adhesion highlights the role
of the SArG protein in adhesion process of S. epidermidis to these
cannulae. The results are represented in [Table/Fig-4].
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[Table/Fig-4]: Adhesion of S. epidermidis strains HB isogenic mutant deficient in
Fibrinogen Binding Protein (SdrG) to three types of Intravascular cannulae. Data are
the percentages of adhesion to different cannulae compared to the control (100%
adhesion of wild type strain HB). The results are from one representative experiment

of at least three; data are the means and standard deviations of three replicate
cultures. The graph shows that S. epidermidis mutant strain deficient in SdrG protein
have less adhesion capacity.

“indicates that p-value is less than 0.05
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GehD Lipase is involved in adhesion of S. epidermidis to
cannulae materials

To investigate the role of lipase enzymes (GehC and GehD) in
adhesion of S. epidermidis to PTFE, SPTFE and Vialon intravascular
cannulae, three S. epidermidis strains were used. The first one;
strain 9 and the second is isogenic mutant which is deficient in
GehC lipase (2J24) and the third strain which is deficient in GehD
lipase (KIC82). The results in this experiment showed that there was
insignificant reduction in adhesion of S. epidermidis strain 2J24
deficientin GehC lipase to PTFE (p-value=0.3), SPTFE (p-value=0.4),
and Vialon (p-value=0.6), intravascular cannulae. However, there
was a significant reduction of adhesion of strain KIC82 deficient in
GehD lipase to PTFE cannulae (p-value=0.03) as well as STPFE
(p-value=0.01) and Vialon (p-value=0.02) intervascular cannulae.
The reduction percentages of strain KIC82 which is deficient in
GehD lipase when compared to strain 9 were 35% for PTFE, 29%
for SPTFE and 41% for Vialon cannulae. These results are shown
in the [Table/Fig-5].
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[Table/Fig-5]: Adhesion of S. epidermidis strain 2J24 deficient in GehC Lipase
and strain KIC82 which is deficient in GehD Lipase to three types of Intravascular
cannulae. Data are the percentages of adhesion to different cannulae compared to the
control (100% adhesion of wild type strain 9). The results are from one representative
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experiment of at least three; data are the means and standard deviations of three
replicate cultures. The graph shows that S. epidermidis mutant strain deficient in
GehD lipase have less adhesion capacity.

*indicate that p-value is less than 0.05

DISCUSSION

In the past years, bacterial adhesion to biomaterials has gained
increased attention [1]. These device and biomaterials related
infections are caused by cerebrospinal fluid shunts, intraspinal
pumps, neurostimulators, cochlear implant, prosthetic heart valves,
implantable defibrillator and cannulae [34]. Management of such
device related infections is difficult and requires the replacement of
the device in most cases. Another important risk factor for these
infections is the development of bacterial resistance over time [3,4].
Mutant strains which are deficient in some virulence factors were
used in the study. The results of experiments showed that virulence
factors of S. epidermidis such as AtlE, PIA, SdrG and GehD lipase
could play an important role in adhesion of this organism to different
types of intravascular cannulae including PTFE, SPTFE and Vialon.
SdrG protein of S. epidermidis is an important virulence factor which
is responsible for binding of this bacterium to fibrinogen [31]. It has
been shown that SdrG from S.epidermidis can promote its adhesion
and could be a factor in biomaterials related infections [7,35,36].
Vanzieleghem T et al., has shown that the ability of S. epidermidis to
adhere to coated polydimethylsiloxane fibrinogen coated surfaces
was enhanced in the presence of abundant cell surface SdrG [36].
Strain which is disrupted in SArG showed less ability to adhere to
PTFE, SPTFE and Vialon cannulae. It has been shown that increased
expression of S. epidermidis SdrG promotes adhesion to surfaces
[36]. Khalil H et al., found that major adhesin responsible for binding
to sutures was AtIE when adhesion of S. epidermidis to surgical
sutures was investigated. They further suggested that inhibitors of
S. epidermidis ARE may be useful to prevent bacterial adhesion to
sutures [33]. Another important virulence factors of S. epidermidis
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is PIA which have been shown to affect bacterial colonisation and
adhesion along with the lipase enzymes such as the GehC lipase
and GehD lipase, and AtlE [28,29,37]. The role and involvement of
these factors in adhesion of S. epidermidis to intravascular cannulae
PTFE, SPTFE and Vialon has not been tested in the literature. The
results of the current experiment showed that disruption in the
genes responsible for the function of PIA, AtIE or GehD lipase can
reduce the adhesion of S. epidermidis to intravascular cannulae.
Disruption of AtIE in S. epidermidis strain O-47 showed significant
reduction in the adherence of this bacterium to all types of
cannulae. The same effect was reported by Rupp ME et al., when
they investigated adhesion of S. epidermidis to central venous
catheters in rat models [29]. Similar results have been shown in
adhesion of S. epidermidis to surgical sutures [33]. The number of
adhered bacteria was significantly reduced for S. epidermidis PIA
mutant strain indicating its role in adhesion process. In contrast to
present study findings, Higashi JM et al., in 1998 found that PIA
was not involved in adhesion of S. epidermidis to polyethylene [38].
Similar results have been shown in adhesion of S. epidermidis to
epithelial cells [39] and surgical sutures [33]. Therefore, AtlE and PIA
could be important determinants for adhesion of S. epidermidis to
intravascular cannulae. In future, molecules or drug therapy that can
disrupt the role of AtlE and PIA may be good treatment modalities
for device related infections.

Another important virulence determinant which S. epidermidis
possess are the lipase enzymes. Two S. epidermidis lipases have
been identified including the GehC and GehD lipase [26]. The GehD
lipase of S. epidermidis has been reported to be a collagen binding
adhesin of this organism [25]. In the current study the role of the
two S. epidermidis lipases in adhesion process to PTFE, SPTFE and
Vialon was investigated. The results showed that the GehD but not
the GehC lipase had an important role in adhesion of S. epidermidis
to all tested cannulae. The wild types strain 9 which has both GehC
and GehD lipases showed higher adhesion capacity to PTFE, SPTFE
and Vialon cannulae when compared to the mutant strains 2424
and KIC82. Such comparison indicates the role of lipase GehD in
adhesion of S. epidermidis to different cannulae. This could be due
to the second function of GehD lipase as collagen binding adhesin
[40]. These results were consistent with that of the findings from the
study of Khalil H et al., [33].

Experiments were mainly done with incubation period of two hours
and all CFU’s that are presented in most of the graphs were the
bacterial adhesion during this period. But to investigate the role
of longer incubation periods on adhesion of different strains of
S. epidermidis, adhesion of all strains including mutant strains were
tested over 12 and 24 hours. The results showed that in all wild
strains such as strain O-47, 9 and HB; adhesion was increased
significantly over time. In contrast to these findings, adhesion of
mutant strains deficient in AtlE, PIA, SdrG and lipase enzymes did
not show significant increase of adhered S. epidermidis over longer
periods of time. As these virulence factors could be important in the
process of adhesion this could be the reason that adhesion process
was interrupted even if the incubation period was longer.

Limitation(s)

The current study is an in-vitro study that needs to be tested in-vivo as
host factors can play an important role in adhesion of S. epidermidis
to intravascular cannulae. The role of more S. epidermidis virulence
factors need to be investigated.

CONCLUSION(S)

The present study done with S. epidermidis virulence factors showed
an important role in the adhesion of this organism to intravascular
cannulae and subsequently to device related infections. Bacterial
adhesion to biomaterials should be taken in consideration when
selecting the best material for patient that has less bacterial
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colonisation over time in order to decrease the risk of device-
related infection. Understanding the mechanism of adhesion of this
bacterium and the factors that are involved could lead to a solution
to all these infections related to medical devices. Interruption of such
mechanism could be a crucial way of prevention of such infection.
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