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Abstract

Staphylococcus epidermidis account for the majority of foreign body-related infections particularly catheter-related
infections. Its ability to adhere to materials and to promote formation of a biofilm is the most important feature of its
pathogenicity. The presence of S. epidermidis surface components particularly SesC protein is essential for biofilm
formation. Accordingly, in addition to antibiotic therapy has recently been a lot of attention on the development of
vaccines against S. epidermidis surface proteins. The aim of this study is detection of biofilm phenotype of isolated
S. epidermidis from respiratory catheters of hospitalized patients and evaluation of the effect of antibodies against
SesC protein on biofilm formation. In this study, we've isolated 70 coagulase-negative staphylococcus strains from
respiratory catheter samples (n=350). Then, 40 isolates of these strains were randomly selected; Twenty (50%) S.
epidermidis strains were identified by Mass spectrometry from all 40 isolates. From these twenty strains, 30%
produced dissolvable PIA-dependent biofilms in sodium metaperiodate after growth in Tryptic soy broth (TSB) with
NaCl and 40% produced dissolvable protein-dependent biofilms in proteinase K after growth in TSB with glucose.
Evaluated the effect of anti-SesC antibodies on biofilm formation by using a semi quantitative adherence assay. In
40% of cases, anti-SesC antibodies had significant inhibitory effect on biofilm formation (P<0.05) in particular on
protein-dependent biofilms. Although, the exact role of SesC in biofilm formation still is unknown but our findings
display the importance of SesC protein on developing of biofilm formation of respiratory catheters.
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Introduction
Staphylococcus epidermidis is considered to be the major cause of

device-related infections, especially catheter-related infections. These
infections have increased in number, owing to the increased use of
such devices [1]. The incidence of infection due to the use of medical
devices is often dependent on the ability of bacteria to produce a hard
multi-layer structure called ''biofilm'' on the surface of medical devices
used to treat [2]. The main problem of microbial biofilm infections is
tending to resist against clearing by the host immune system, as well as
all antimicrobial agents [3]. Currently, the only completely effective
method for curing biofilm infections is to remove the infected device,
which is a risky, costly, and stressful procedure. Different strategies are
used against biofilm infections, such as administration of bactericidal
agents, modification of biomaterial surface to prevent initiation of
bacterial colonization [4,5]. Although there is no certain cure for the
prevention and treatment of biofilms, besides the use of antibiotics, a
lot of attention recently is on the possibility of strengthening the
immune system through vaccination against superficial factors such as
polysaccharides and proteins involved in biofilm structure. Several
recent studies have shown that antibodies against cell surface
components of S. epidermidis can affect the rate of biofilm formation
or adherence of these bacteria to medical devices in vitro [6]. Using an

in silico procedure, identified 64 proteins that are predicted to be S.
epidermidis surface exposed (Ses), and 2 of the largest ABC
transporters (SesK and SesM)-were selected for evaluation as vaccine
candidates. Anti-SesC antibodies exhibited the greatest inhibitory
effect on S. epidermidis biofilm formation in vitro and on colonization
and infection in a mouse jugular vein catheter infection model that
includes biofilms and organ infections. Antibodies to SesC were shown
to be opsonic by an in vitro opsonophagocytosis assay [7]. In the
present study, Staphylococcus epidermidis strains were isolated from
respiratory catheters samples used in hospitalized patients by
differential biochemical tests and mass spectrometry [8]. Then the
presence of SesC gene of all isolates was checked using PCR screening.
After evaluating the ability of biofilm formation, the biofilm phenotype
of isolated S. epidermidis was determined by using a semi quantitative
adherence assay in 96-well polystyrene microtiter plates (BD
Biosciences, Heidelberg, Germany)[9]. Finally, the effect of specific
antibodies against SesC proteins on preventing the biofilm formation
was evaluated by these strains in polystyrene microtiter plates.

Materials and Methods

Bacterial isolates and species identification
In this study, a total of 350 different respiratory catheter specimens

(at different ages) from hospitalized patients from Ahvaz Jundishapur
University of Medical Sciences were collected (hospitals Golestan,
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Imam Khomeini, Sina, Razi). The materials of these respiratory
catheter or endotracheal tubes were silicone from Nanjing Hong An
Medical Appliance Co., Ltd. The isolates were inoculated at mannitol
salt agar (MSA; Merck) and blood agar (BA, Merck) medium in order
to separate S. epidermidis strains (incubated at 37°C and 24 h). After
the bacterial growth on MSA, were carried out, respectively, Gram
stain, direct microscopic examinations and differential biochemical
tests including Hemolysis on BA Plates, Tube-Coagulase test and also
Novobiocin susceptibility test for determining S. epidermidis strains.

A total of 70 coagulase-negative staphylococcus strains were
isolated from respiratory catheter samples (n=350). Thereafter, 40
isolates of these strains were randomly selected; Twenty (50%) S.
epidermidis strains were identified by Mass spectrometry from all 40
isolates. Then, These strains were tested for antibiogram by using the
VITEK® 2 identification system (BioMérieux), for listed antibiotics:
Benzylpenicillin (10 µg), Oxacillin (5 µg), Gentamicin (10 µg),
Kanamycin (5 µg), Tobramycin (5 µg), Levofloxacin (10 µg),
Moxifloxacin (10 µg), Fusidic acid (10 µg), Mupirocin (10 µg),
Clindamycin (2 µg), Linezolid (10 µg), Teicoplanin (5 µg),Vancomycin
(10 µg), Minocycline (10 µg), Tigecycline (5 µg), Nitrofurantoin (5 µg),
Rifampicin (10 µg), Trimethoprim (5 µg); (Table 1).

Antibiotics Resistance Sensetive

FOX 75 25

B-PEN 98 3

OXA 80 20

GEN 53 48

KAN 63 38

TOB 53 48

LVX 33 68

MXF 33 68

ERY 70 30

CLI 63 38

LZD 0 100

TEC 0 100

VAN 0 100

MIN 10 90

TGC 0 100

NIT 0 100

FUS 5 95

MUP 20 80

RIF 25 75

TMP 33 68

Table 1: The resistance rate to antibiotics for 40 staphylococci.

PCR screening of SesC genes in clinical isolates
The presence of SesC gene in S. epidermidis strains was checked

using PCR amilifaction of sesC, as previously explained by Shahrooei
et al. [6]. The primers used for PCR screening of SesC genes were
SesR1 and SesF1 sets that were designed by Shahrooei et al. [6] for 388
bp fragment and SesC sequence.

SesC-SF ..........GTTGATAACCGTCAACAAGG

SesC-SR ..........CATGTTGATCTTTTGAATCCC

The RP62A S. epidermidis strain was used as positive control and
distilled water (DW) as negative control. For each strain, genomic
DNA was extracted using a QIAamp DNA minikit (Qiagen) with the
addition of 30 μg of lysostaphin/ml at the lysis step [6,10].

In vitro biofilm formation assays
The Biofilm formation of S. epidermidis isolates were done using a

semi-quantitative adherence assay in 96-well polystyrene microtiter
plates (BD Biosciences, Heidelberg, Germany) as previously described
[9]. Briefly, 20 μl of frozen cultures of S. epidermidis strains was
inoculated into 5 ml TSB medium and grown to the late-exponential/
stationary-growth phase in a shaking incubator at 37°C. Cultures were
subsequently diluted in TSB to an OD600 of 0.005 (5 × 106 CFU/ml) in
fresh TSB. Then, 200 μl portions of the mixtures were pipetted into 96-
well polystyrene microtiter plates (BD Biosciences, Heidelberg,
Germany), followed by incubation for 24 h at 37°C with no substance;
were used three wells for each of strain. After the incubation, the plates
were washed three times with phosphate-buffered saline (PBS [pH
6.8], containing 0.5M NaCl and 10 mM EDTA), and adherent biofilms
were stained with 200 μl of 1% (wt/vol) crystal violet (Sigma) for 10
min, after which the plates were washed three times with water and
dried. For quantification, 160 μl of 30% (vol/vol) acetic acid was added
to each well to dissolve the stain. The OD595 of the dissolved stain was
measured in a multipurpose UV/VIS plate reader. S. epidermidis strain
10b in TSB was used as positive control, and TSB without bacteria was
used as a negative control [6,10].

In vitro assay for determination of biofilm-forming types of
bacteria
After determining the biofilm forming isolates in TSB, the effect of

addition of NaCl (4% NaCl), glucose (1% glucose) to medium (TSB) or
sodium metaperiodate (SM) and proteinase K (PK) on biofilms of
isolates formed in TSB with 1% glucose, in microtiter plates, after 24 h
incubation at 37°C were assessed. This test was carried out as same as
previous test using a semi-quantitative adherence assay. Briefly, 10 µl
bacterial suspension diluted in TSB to an OD600 of 0.005 (5 × 106

CFU/ml) in fresh TSB with 1% glucose, were pipetted into sterile 96-
well polystyrene microtiter plates and statically incubated overnight at
37°C. After 24 h incubation, the growth medium was replaced with 200
μl SM buffer (10 mM SM, 50 mM sodium acetate) or PK buffer [1
mg/ml in 20 mM Tris/HCl (pH7.5), 100 mM NaCl]. Subsequently,
plates were incubated at 37°C for 2 h and the remaining biofilms were
quantified as explained above [9,11].

In vitro biofilm inhibition assays
The effect of specific anti-SesC antibodies (αSesC-IgGs) produced as

earlier described [10] on in vitro biofilm formation during overnight
(accumulation and establishment phase) was assessed using a semi-
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quantitative adherence assay [6]. In first instance, 1 × 106 bacteria were
incubated with αSesC-IgGs (20 µg/ml bacterial suspension) for 2 h at
4°C. Plates were then placed without shaking overnight at 37°C to
allow bacterial growth and biofilm formation. The OD595 of dissolved
stain was measured in a multipurpose UV/VIS plate reader.

Statistical analysis
A significant difference in biofilm formation in the presence of

specific anti-SesC antibodies (αSesC-IgGs) was tested with a TWO -
Way ANOVA analysis [6,10].

Results
In this study, 70 CoNS strains were isolated. Then, 40 isolates of

these strains were randomly selected; Twenty (50%) S. epidermidis

strains were identified by mass spectrometry from all 40 isolates. All S.
epidermidis strains (n=20) resistant against to Benzyl-Penicillin and
susceptible to Vancomycin, Tigecycline and Nitrofurantoin antibiotics
(Table. 2).

Presence of SesC gene in S. epidermidis isolates
All 20 isolates identified as S. epidemidis out of 40 CoNS were sesC

positive (Figure 1), as it has been previously reported by Shahrooei et
al [6].

Figure 1: The results of the PCR-screening of SesC genes in clinical isolates; Sample's numbers 1 (S. haemolyticus), 2 (S. epidermidis), 3 (S.
epidermidis), 4 (S. epidermidis), 5 (S. epidermidis), 6 (S. epidermidis), 7 (S. epidermidis), 8 (S. epidermidis), 9 (S. epidermidis), 10 (S.
haemolyticus), 11 (S. epidermidis), 12 (S. lugdunensis), 13 (S. epidermidis), 14 (S. haemolyticus), 15 (S. hominis), 16 (S. warneri), 17 (S.
epidermidis), 18 (S. epidermidis), 19 (S. haemolyticus), 20 (S. haemolyticus), 14-2 (S. epidermidis), 21 (S. epidermidis), 22 (S. epidermidis), 23
(S. hominis), 24 (S. haemolyticus), 25 (S. epidermidis), 26 (S. haemolyticus), 27 (S. epidermidis), 28 (S. epidermidis), 29 (S. epidermidis), 30 (S.
epidermidis), 31 (S. haemolyticus), 32 (S. haemolyticus), 33 (S. haemolyticus), 34 (S. hominis), 35 (S. warneri), 36 (S. pasteuri), 37 (S. warneri),
38 (S. haemolyticus), 39 (S. warneri), 40 (S. aureus), positive control was RP62A S. epidermidis and negative control was Distilled water.

In vitro biofilm formation
In the preliminary assessment on biofilm formation of isolates in

the plate was identified that, among the 20 S. epidermidis strains, 3

samples (samples 13, 28, 29) did not have the ability to form biofilm or
were very weak, so they were not used in the further experiments
(Table 2).
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Sample number Species sesC Biofilm-TSB B-Glu B-NaCl SM PK

2 S. epidermidis P P P P d nd

3 S. epidermidis P P P P d nd

4 S. epidermidis P N P N nd d

5 S. epidermidis P N P N nd d

6 S. epidermidis P N P N nd nd

7 S. epidermidis P P P N nd d

8 S. epidermidis P P P P d nd

9 S. epidermidis P P P N nd nd

11 S. epidermidis P P P P d nd

13 S. epidermidis P N N N _ _

14 S. epidermidis P N P N nd d

17 S. epidermidis P N P N nd d

18 S. epidermidis P N P N nd d

21 S. epidermidis P N P N nd d

22 S. epidermidis P N P N nd d

25 S. epidermidis P P P P nd nd

27 S. epidermidis P *P *P *P d nd

28 S. epidermidis P N N N _ _

29 S. epidermidis P N P N _ _

30 S. epidermidis P P P P d nd

N: Negative; P: Positive; d: Dissolvable; nd: Non Dissolvable

Table 2: The results of the effect of different stimulants on biofilm formation of isolates and biofilm phenotype in isolates.

Determination of biofilm-forming types of bacteria
Six isolates (30%) produced dissolvable polysaccharide intercellular

adhesin (PIA)-dependent biofilms in SM after growth in TSB with
NaCl and eight isolates (40%) produced dissolvable protein-dependent
biofilms in PK after growth in TSB with glucose (Table 1). At this stage
also were excluded a number of cases that were weak in biofilm
formation and or that had a large variation (samples 4, 5, 7, 9, 17, 18,
21).

Inhibitory effect of anti-SesC antibodies on biofilm
formation

In this test that was conducted to evaluate the effect of specific anti-
SesC antibodies (αSesC-IgGs) on biofilms, were used only 10 samples
that were screened from the previous experiments (samples 2, 3, 14, 22,
6, 11, 30, 27, 8, 25).

Analysis of the results using statistical methods
After reviewing the results by TWO-Way ANOVA analysis and

Evaluation of P-value (PV: 0.0001), it was observed that anti-SesC

antibodies had significant inhibitory effect on biofilm formation in
40% of cases (P<0.05) in particular on protein-dependent biofilms
(Figure 2) [6,10].

Discussion
In the present study, the emphasis is on the importance of biofilm

formation in pathogenesis of Staphylococcus epidermidis, particularly
role of SesC protein on biofilm formation. S. epidermidis is responsible
for the vast majority of nosocomial catheter related blood stream
infections (CRBSI) in the United States [12]. Most significantly, S.
epidermidis is the leading organism isolated from foreign material
related infections (FMRI) [13] such as infected prosthetic joints,
central venous catheters (CVC), cerebrospinal fluid shunts,
intracardiac devices, artificial heart valves, and vascular grafts [6,14].
Although many factors are involved in the pathogenesis of S.
epidermidis, but the incidence of infection due to the use of medical
devices is dependent on the ability of bacteria to produce a hard multi-
layer structure called ''biofilm'' on the surface of Medical devices used
to treat [2]. In 2005, a study by Bowden and et.al carried out, that with
reviewing of 116 clinical isolates of S. epidermidis, were able to identify
SesC genes in these isolates and subsequently introduced the product
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of this gene as an important factor in the pathogenesis of these bacteria
[15].

Figure 2: The results Analysis of by using two-way ANOVA analysis; atcc12220 was negative control and 10b and 1457 were positive control.
Anti-SesC antibodies had significant inhibitory effect on biofilm formation in 40% of cases {samples 3, 14, 22, 6} (P<0.05).

In a series of studies that were carried out by Shahroei et al. [6] in
order to assess the SesC protein as an appropriate vaccine candidate
against biofilm formation by S. epidermidis, it was observed that the
SesC-antibodies have shown a significant inhibitory effect on the
biofilm formation of bacteria in vitro, and also these SesC-antibodies
have shown significant inhibitory effects on bacterial colonization and
infection in a test on an experimental model of mouse jugular vein
catheter infection that includes biofilms and organ infections [10]. For
this reason, in this study we also investigated the presence of sesC gene
in the strains and the effect of anti-SesC on their biofilm. The most
important aim of this study is detection of biofilm phenotype of
isolated S. epidermidis from respiratory catheters of hospitalized
patients and evaluation of the effect of antibodies against SesC protein
on biofilm formation. According to the recent studies the formed
biofilm by S. epidermidis is mediated by polysaccharide, protein
factors and in some cases by eDNA [16]. Many surface proteins in
staphylococci have been studied to use as a target to cope with biofilm
formation [17]. In this study, we've used of PCR screening of SesC
genes in clinical isolates. As it was previously reported, sesC is more
strongly expressed in biofilm-associated cells in S. epidermidis strains
[10]. we also used of semi-quantitative adherence assay in 96-well
polystyrene microtiter plates (BD Biosciences, Heidelberg, Germany)
as previously described [9] similar to the Shahroei et al. [6] study; After
determining the bacteria produced biofilm, the effect of SM and PK on
biofilm formation was evaluated in order to determine the biofilm
phenotype. PIA-dependent biofilms dissolved in SM after growth in
TSB with NaCl but protein-dependent biofilms dissolved in PK after
growth in TSB with glucose. In this study, S. epidermidis strains had
the highest frequency among all the isolated CoNS strains. Most of

these strains were able to form biofilm. A total of 70% strains were able
to form biofilm (30% PIA-dependent biofilms and 40% protein-
dependent biofilms). Two-way ANOVA analysis indicated that anti-
SesC antibodies had significant inhibitory effect on biofilm formation
only in 40% of cases (P<0.05). In conclusion, our work has underlined
the necessity to further investigation for finding a way to prevent of
infection by these bacteria. Although, the exact role of SesC in biofilm
formation still is unknown but our findings display the importance of
SesC protein on developing of biofilm formation of respiratory
catheters. On the other hand, it is recommended that doctors should
be aware of antibiogram results to treat infections caused by these
strains. Since all S. epidermidis strains (n=20) resistant against to
Benzyl-Penicillin and susceptible to Vancomycin, Tigecycline and
Nitrofurantoin antibiotics, it is suggested that doctors should use of
these antibiotics to treat infections caused by these strains.
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