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~ Abstract

Purpose: Staphylococcus epidermidis is a major commensal bacteria. Various strains of S. epidermidis are
capable of forming biofilms by attaching to several surfaces. Biofilm-forming ability of this organism is
found to be associated with many hospital-acquired infections and can even impair wound healing. S.
epidermidis strains producing polysaccharide-biofilms possess the intercellular adhesion (ica) operon while
strains forming the protein adhesion-mediated biofilms possess the accumulation associated protein (aap)
gene. We screened for biofilm-forming S. epidermidis in the skin of healthy individuals in Tamil Nadu in
order to determine the risk of acquiring S. epidermidis infections in hospital settings. Materials and
Methods: Skin swabs were taken from seventy two subjects residing in Chennai with healthy skin who
showed no visible signs of skin lesions or allergies. S. epidermidis was isolated from 58 samples out of the
72 collected. The presence of ica operon in S. epidermidis isolates was determined by PCR and biofilm
production was examined using quantitative tissue culture plate assay. Results: Majority of the samples
(47/72; 65.3%) showed pure S. epidermidis growth, (14/72; 19.4%) showed pure Staphylococcus aureus
growth and the remainder (11/72; 15.3%) showed mixed growth. Biofilm-forming S. epidermidis were
found in the majority of samples (53/58; 91.4%) and ica operon was detected in 19 samples out of 58
(32.8%) which is a significantly higher percentage when compared to other studies conducted at different
parts of the globe ( P = 0.0003). Conclusion: We inferred that ica operon and biofilm-forming S. epidermidis
are common in the healthy skin of individuals in Tamil Nadu. Measures have to be taken to reduce the risk
of hospital-acquired S. epidermidis infections.
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~ Introduction

Staphylococcus epidermidis are non-motile, coagulase negative, gram-positive cocci commonly found in the
human skin. It is the most commonly isolated bacteria from the skin. The organism is non-pathogenic in
healthy people but people with compromised immunity are at risk for developing an infection. Various
strains of S. epidermidis are capable of forming biofilms and that is a major concern for people with
catheters, heart valves or other implants since the organism can form biofilms on these surfaces. [1] It can
also form biofilms on various metals and materials other than surgical implants. [2] It has been
demonstrated that biofilm formation by staphylococci impairs wound healing. [3]

Biofilm is a mode of survival for various microbes by which they form aggregates during unfavorable
conditions. The bacterial cells in this mode of living are more resistant to antimicrobial agents, harsh
conditions of the environment and to the immune cells. In this mode of living, the bacterial aggregates
form channels which serve to diffuse nutrients into the biofilm and waste products away from the biofilm.
[4]

The formation of biofilms in S. epidermidis proceeds in two steps. First, bacteria adhere to a surface by
unspecific factors such as hydrophobicity, surface material, cell wall teichoic acids and several proteins.
Then actual accumulation of biofilm occurs. Major genes involved in S. epidermidis biofilm formation
include autolysin E (altE), biofilm associated protein (bap), accumulation associated protein (aap) and
intercellular adhesion (ica). [4]

In polysaccharide-biofilms produced by S. epidermidis, extracellular polysaccharide adhesin play an
essential role in initial bacterial adherence to surfaces and intercellular adhesion is important for the
aggregation of cells. Two major polysaccharides produced by S. epidermidis, capsular polysaccharide
adhesin (PSA) and polysaccharide intercellular adhesin (PIA) are found to have a vital role in the formation
of this type of biofilms. [5] In the two step model proposed for the formation of S. epidermidis slimy-
biofilms, initial adherence is mediated by PSA and accumulation of cells is due to production of PIA. [6] The
ica locus contains an operon, icaADBC which is proposed to contain the structural genes required for PIA
synthesis.

The presence of ica operon has been proposed to be associated with strong biofilm formation and it is
assumed that ica operon and strong slime producers are more prevalent in S. epidermidis isolates
associated with infections or implants than in S. epidermidis isolated from healthy individuals. [7],[8]

The aim of this study was to screen for biofilm-producing S. epidermidis and ica-positive S. epidermidis in
isolates from normal skin of healthy volunteers in order to determine the risk of acquiring a S. epidermidis
infections in hospitals especially that this organism is a common inhabitant of human skin and it is a major
concern for people with catheters, heart valves and other implants and can even impair wound healing.

~ Materials and Methods



Collection of samples

Samples were collected from the healthy skin of 72 random subjects from Chennai, Tamil Nadu, India who
did not suffer from any skin lesions, infection or allergy and who were not associated with catheters, valves
or any other implantation. Forehead, anterior nares and arm joint were rubbed vigorously with sterile
swabs pre-moistened with sterile physiological saline. The swabs were transferred to Tryptic Soy Broth
(TSB) (Himedia Laboratories Pvt. Ltd., India) in sterile tubes and incubated at 37°C in a shaker incubator at
200 rpm for 16-18 hours. Turbidity was observed in all tubes except the sterility check tube. Samples were
then sub-cultured in mannitol salt agar (MSA) for two days. S. epidermidis produces pink colonies on MSA.

Isolation of Staphylococcus epidermidis

Isolates from the samples were characterized and identified by standard microbiological techniques
including gram staining, mannitol fermentation, catalase test and coagulase test. Cultures were maintained
on TSB. Staphylococcus epidermidis ATCC 155 was used as a positive control and  Escherichia More Details
coli XL10-Gold was used as a negative control.

Quantitative detection of biofilm production

Quantitative detection was performed using tissue culture plate assay (TCP). 48-well tissue culture plates
(Greiner Bio-one, CELLSTAR® ) were used. In each well 200 μl of sterile TSB was added. 2 μl of each sample
was added to each well. The plate was incubated aerobically for 24 hours at 37°C. Staphylococcus
epidermidis ATCC 155 was used as a positive control. After 24 hours, the contents of each well were gently
removed by tapping the plate. Then each well was washed 4 times with 200 μl 1x PBS to remove planktonic
cells. After that, 100 μl of 0.1% crystal violet was added to each well to stain the biofilm. The tissue culture
plate was incubated at room temperature for 15 minutes. Each well was then washed repeatedly with
autoclaved double distilled water to remove excess stain. The tissue culture plate was allowed to dry and
then read at 570 nm using ELISA plate reader. The assay has been performed in triplicate for each sample.
Samples that had given reading values of more than 0.12 were considered as strong biofilm producers.
Samples that gave values between 0.06 and 0.12 were considered as moderate to weak biofilm producers
and samples with reading values of less than 0.06 were considered as non-biofilm producers. The results
were validated by using a compound microscope.

Standardization of biofilm quantification by tissue culture plate method

For the standardization of TCP, the effect of sucrose on biofilm formation was studied. Hence,
Staphylococcus epidermidis ATCC 155 was grown in two tubes containing TSB with one of the tubes being
enriched with 5% sucrose. Then biofilm production was quantified using the above mentioned procedure
with each tube being considered as a separate sample. Biofilm quantification by TCP method was done six
times for each tube and the readings obtained from each tube were averaged.

Detection of ica operon

Bacterial DNA was isolated using Commercial DNA extraction kit (Bangalore Genei Pvt. Ltd., India). The
presence of genomic DNA was detected using agarose gel electrophoresis technique with 1% agarose. UV-
transilluminator was used to view the DNA bands. Polymerase Chain Reaction (PCR) was performed to
screen for ica operon in the isolated DNA samples. The primers used for the amplification of ica operon
were 5'- TTATCAATGCCGCAGTTGTC-3' and 5'- GTTTAACGCG AGTGCGCTAT-3'. [9] These primers which are
specific for the icaADBC region in S. epidermidis were used in the PCR reaction to produce amplicon having
the size of 516 bp [Figure 1]. A 20 μl reaction mix was prepared with PCR grade water, 10x buffer, primers,
dNTP mix, Taq Polymerase and DNA template. The PCR cycling conditions used were 1 cycle of 2 minutes of
initial denaturation at 94°C then 35 cycles each of 45 seconds of denaturation at 94°C, 45 seconds of



annealing at 60°C and 45 seconds of extension at 72°C followed by 1 cycle of final extension of 5 minutes at
72°C. The amplicon were analyzed by 2% agarose gel electrophoresis using a UV transilluminator. The PCR
was performed in triplicate for each sample to confirm the result. PCR was performed by using Eppendorf
Mastercycler Gradient, Germany. Staphylococcus epidermidis ATCC 155 was used as a positive control and
Escherichia coli XL10-Gold was used as a negative control.

Figure 1: PCR for detection of ica operon, Lane 1— Positive control (Staphylococcus epidermidis
ATCC 155); Lane 2— An ica-positive sample (amplicon size is 516 bp); Lanes 3, 4, 5, 6— Samples which are
ica-negative; Lane 7— Molecular mass marker (100 bp DNA ladder); Lane 8— An ica-positive sample
(amplicon size is 516 bp); Lane 9— An ica-negative sample; Lane 10— An ica-positive sample (amplicon size
is 516 bp); Lanes 11, 12, 13— Samples which are ica-negative; Lane 14— Negative control (Escherichia coli
XL10-Gold)

Statistical analysis

Chi-squared test was performed to ensure that the results obtained from the screening of ica operon were
significantly different than those obtained in studies conducted at different parts of the globe. Unpaired
two-sample t-test was performed to confirm that the results obtained from the standardization of TCP
were significantly different for each sample.

~ Results Top

Bacterial isolates

Majority of the samples (47/72; 65.3%) showed pure Staphylococcus epidermidis growth while (14/72;
19.4%) showed pure Staphylococcus aureus growth and (11/72; 15.3%) showed mixed growth.
Staphylococcus epidermidis was isolated successfully from 58 samples and isolates were confirmed using
standard microbiology techniques.

Standardization of biofilm quantification by tissue culture plate method

The optical density obtained from the sample grown in TSB without sucrose was 0.302 while it was 0.217
for the sample grown in TSB enriched with 5% sucrose. Samples grown in TSB enriched with sucrose
showed significantly weaker biofilm formation than those grown in TSB without sucrose (P = 0.02).

Biofilm quantification by tissue culture plate method



Seven samples out of 58 (12%) showed very strong biofilm formation in the wells. Forty-six samples out of
58 (79.4%) showed moderate biofilm growth while five samples out of 58 (8.6%) showed no biofilm
formation [Table 1]. These values are much higher compared to values obtained in other studies. [8],[9]

Table 1: Results obtained from the screening of biofi lm production and ica possession in S.
epidermidis from healthy skin isolates

Presence of ica operon

Intercellular adhesion (ica) operon was detected in 19 samples out of the 58 samples screened for ica
operon (32.8%). This is a significantly higher percentage when compared with other studies (P = 0.0003).

Correlation between the results obtained from the screening of ica operon and quantification of biofilm
production by TCP method

Out of the 19 samples in which ica operon was detected, only six samples were found to be strong biofilm
producers and the remaining 13 were found to be moderate biofilm producers. Out of the 39 samples in
which ica operon was not detected, only five sample were found to be non-biofilm producers. In the
remaining 34 samples, one strong biofilm producer and 33 moderate biofilm producers were observed.

~ Discussion

Staphylococcus epidermidis is a common normal flora inhabiting the skin. It has the ability to form potent
biofilms on adherent surfaces thereby giving way to catheter related infections and heart valve associated
infections as medical devices can get easily contaminated with these bacteria from the skin of hospital staff
and visitors. In this study, S. epidermidis was isolated from volunteers with healthy skin and who are not
associated with hospital setting in Chennai city, India. A high percentage of S. epidermidis was obtained.

The intercellular adhesion (ica) operon had been associated with strong biofilm production since it encodes
proteins necessary for the formation of polysaccharide intercellular adhesin (PIA). [4] It has been reported
in previous studies that ica operon is detected very rarely in Staphylococcus epidermidis isolated from
healthy skin of individuals when compared to isolates from patients or individuals associated with catheters
or implants. [8],[9],[10] In one study 30% of the samples collected from patients were ica positive
compared to 8% of the samples collected from healthy individuals. [10] In another study, 53% of the
samples isolated from patients were ica positive compared to 0% of samples collected from healthy
volunteers. [8]

Similarly biofilm production is considered to be less in case of samples collected from healthy skin when
compared to those collected from people associated with infections or implants. [11],[12],[13] One study
reported that 44.2% of the samples that were collected from patients were strong biofilm-producers
compared to 0% of the samples that were isolated from healthy volunteers. [11] Biofilm production is
considered to be a virulence marker for S. epidermidis.[12]

In our study, it was noted that samples grown in TSB enriched with sucrose showed significantly weaker
biofilm formation than those grown in TSB without sucrose. This observation suggests that there might be a
relation between the amount of biofilm production and the amount of time the organism was exposed to
sucrose. The molecular mechanism behind this reduction in biofilm formation is still unknown and needs
further studies.



Out of the 58 samples tested for the ability to form biofilms, 53 samples (91.4%) were capable of producing
biofilms. This percentage is higher when compared with the percentages obtained in various studies across
the globe [8],[10],[11],[12],[13] in which in some cases it was as low as 8.6% of the samples. [13] This leads
to an inference that climatic conditions and environmental factors might play a significant role in the
behavior of normal flora and in producing biofilms. The percentage of biofilm producing strains among
volunteers with healthy skin from Chennai city is highly alarming. Studies on hospital staff as well as patient
by-standers would shed light on the incidence of implant related infections and conjunctivitis. The
relevance of this study is very high as a significant number of implants related infections and conjunctivitis
are being reported in Chennai city. [14] It is also highly alarming because it has been demonstrated that
wound healing can be impaired by the presence of staphylococci biofilms [3] and that is a harmful situation
in a hospital setting.

PCR-based assay was also used to screen for prevalence of ica operon among the samples. The presence of
ica operon was significantly higher (32.8%) when compared to other works done across the globe.
[8],[9],[10],[11],[13] This finding serves as an evidence for the fact that healthy skin harbours a high
percentage of ica positive S. epidermidis in Chennai population which is an alarming finding since ica
operon is associated with strong biofilm formation. The study in a relatively large population may be useful
to ascertain the incidence and prevalence of biofilm producing S. epidermidis in Chennai city and also the
screening for the presence of aap gene in healthy skin isolates will also be useful for such assertion.

When the results obtained from tissue culture plate method and PCR-based assay were analyzed and
compared, it was noted that the presence of ica operon is always associated with biofilm formation but the
absence of ica operon is not always associated with absence of biofilm formation. In fact, one sample in
which ica operon was not detected showed a strong biofilm forming capability. This confirms the fact that
multiple genes are involved in biofilm production and ica operon alone is not a crucial cluster for causing an
implant associated infection.

~ Conclusion

This study has demonstrated the high prevalence of biofilm-forming S. epidermidis strains in the healthy
skin of individuals in Chennai city of Tamil Nadu. It has also demonstrated that ica operon can be detected
in a significant number of healthy skin isolates in Chennai and thus measures to prevent hospital-acquired
S. epidermidis infections have to be taken. It was also noted in this study that the presence of ica operon is
associated with biofilm formation but the absence of ica operon doesn't necessarily mean the absence of
biofilm production.
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