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ABSTRACT: Biofilm-associated bacterial infections are problematic for physicians due to high
antimicrobial resistance in biofilm-forming bacteria. Staphylococcus species, particularly Staphylococcus
epidermidis, cause severe infections particularly associated with clinical implants. In this study, we have
detected the biofilm formation potential of clinical S. epidermidis isolates using phenotypic and genotypic
approaches in nutrient-rich and nutrient-deficient growth conditions. The Congo red agar method
determined the biofilm formation potential with limited efficacy. However, the tissue culture plate
method adroitly classified the isolates as strong, moderate, weak, and non-biofilm producers with five
(10%) of the isolates as strong biofilm producers. Ten biofilm-associated genes were targeted, and the
f ruA gene was found to be the most prevalent (20%). Three antibiofilm compounds, carvacrol, 2-
aminobenzemidazole, and 3-indole acetonitrile, were assessed against strong biofilm-producing S.
epidermidis isolates. To the best of our knowledge, this is the first report of genotypic and phenotypic
detection of biofilms formed by clinical S. epidermidis isolates from this region. The use of 3-indole
acetonitrile against these biofilms and toluene as a solvent is novel. The study highlights the significance
of biofilm and antibiofilm potential of the studied compounds for effective treatment and control of S. epidermidis infections.

1. INTRODUCTION
Staphylococci cause moderate to severe clinical infections
particularly on skin and other body parts. These infections
are frequently related with catheters and other persistent
implanted biomedical devices.1 Although the utilization of
ingrained clinical gadgets is crucial for the wellbeing of the
persistently sick patients, the bacterial colonization on these
embedded materials can cause significant adverse effects.2

Different species of the bacterial genus Staphylococcus,
particularly Staphylococcus aureus, are well-known to colonize
human mucosal layers or tissues, causing a wide range of skin
diseases,3 whereas Staphylococcus epidermidis has been reported
as being predominant among the bacterial species colonizing
the implanted devices with its major virulence factor of framing
biofilms on various polymeric surfaces.4 A biofilm is composed
of multifaceted bacterial cell groups embedded in a network of
an extracellular polysaccharide matrix that enables adherence
of these microbes to the target surfaces.5 Factors causing
biofilm formation include articulation of polysaccharide
intracellular adhesin (PIA), which facilitates cell to cell
adhesion and is the result of the icaADBC gene family.6 The
presence of the icaADBC gene family has been reported in S.
epidermidis isolated from medical devices.7,8 However, there
are some other proteins involved in biofilm formation of S.
epidermidis such as cell wall anchored protein, accumulation-
associated protein (Aap), extracellular matrix binding protein
(Embp), and surface protein C (SesC).9

Biofilms shield the residing bacteria from the host defense
systems, antimicrobials, and other environmental stresses and,

thus, provide resistance to anti-infection treatments.5 Various
techniques are accessible to detect biofilm formation by S.
epidermidis including the tube method,10 Congo red agar
(CRA) method,11,12 tissue culture plate (TCP) method,13

bioluminescence test, and light or fluorescence microscopic
methods.14 The biofilm formation by certain pathogenic
bacteria contributes toward their multiple drug resistance,15

and thus, the treatment and management particularly of
implant infections become difficult. Therefore, non-antimicro-
bial compounds having adequate antibiofilm potential are
being investigated. Some reports have shown the antibiofilm
activity of certain compounds such as mefenamic acid,
acetaminophen, acetylsalicylic acid,16 and some nonsteroidal
anti-inflammatory drugs against certain bacteria.17,18 The
search for new molecules preventing biofilm formation and/
or dispersing mature biofilms is ongoing. The current study
was aimed to explore the biofilm formation potential of S.
epidermidis isolates from Pakistan, where no comprehensive
data are available regarding the infections associated with S.
epidermidis19,20 and to evaluate some naturally occurring and
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synthetic compounds for their antibiofilm activity against these
isolates.

2. MATERIALS AND METHODS
2.1. Bacterial Isolates. A total number of 50 S. epidermidis

isolates were taken from institutional stock cultures. These
bacteria were originally isolated from various clinical specimens
and infected devices from hospitals in different regions of
Punjab and Islamabad, Pakistan. The cultures were revived in
tryptic soya broth (TSB) and streaked on nutrient agar plates
for the analysis of colony morphology. Molecular confirmation
was achieved by the polymerase chain reaction (PCR)
targeting the gseA gene as reported earlier.21 Briefly, the 1
mL overnight TSB cultures were centrifuged, and the cell pellet
was washed once with sterile distilled water and then
suspended in 300 μL of distilled water. The cell suspension
was kept at 100 °C in a heating block for 10 min, immediately
transferred to ice for 15 min, and then centrifuged at 10,000g
for 5 min. The supernatant cell lysate was stored at −20 °C till
further use as a template in the PCR. In addition to the
template, each of the 25 μL PCR volumes contained PCR
buffer, 2.5 mM MgCl2, a 0.7 M concentration each of dNTPs,
a 0.1 μM concentration each of the two primers, and 1 U of
Taq polymerase. The thermal cycler conditions were kept the
same as those reported earlier.21 The amplified products were
electrophoresed on 1.5% agarose gel by setting the voltage at
90 V and photographed under UV illumination. The confirmed
isolates were subjected to biofilm formation assays.
2.2. Biofilm Formation Assay. All the isolates were

screened for their ability to form biofilms by the TCP method
as described earlier22 with minor modifications in the media
composition and the duration of incubation. Two media were
used to evaluate the biofilm formation by S. epidermidis
isolates: TSB supplemented with 1% glucose (as an enriched
medium) and M9 (as a nutrient-deficient medium).23 Each of
the isolate was grown in TSB at 37 °C for 18 h with 180 rpm
shaking [optical densities (ODs) of all the cultures were
checked, determined to be approximately 108 CFU/mL] and
diluted as 1:100 in fresh TSB (supplemented with 1% glucose)
and fresh sterile M9 medium. A 200 μL volume of diluted
cultures was coated in each well of the round-bottom

polystyrene 96-well plates (SPL cat # 31396). A S. aureus
isolate was used as a positive biofilm-forming control, whereas
200 μL of both sterile media were used as negative controls.
The TCPs were placed at 37 °C for 48 h for biofilm formation.
After the incubation, the entire contents of the plates were
removed by inversion and gentle tapping. Each of the wells was
washed with 200 μL of normal saline to remove the planktonic
bacteria and media. The plates were stained with 0.1% (w/v)
crystal violet at a concentration of 200 μL per well and kept at
room temperature for 15 min. The stain was removed by
inversion and gentle tapping followed by washing of the plates
once with normal saline. The de-staining was performed using
a 200 μL per well concentration of 30% glacial acetic acid for
15 min at room temperature. The well contents were aspirated
and transferred to a new plate keeping the well-pattern intact.
The OD of the new plate was measured at 630 nm using an
ELISA reader (Diamate Bio Technologies Ltd. UK). Each of
the isolates and controls were added in triplicate wells, and the
experiment was performed twice. The average OD630 values of
the particular sterile medium were used as a standard for
classification of the biofilm-forming isolates according to
Stepanovic.́24 The cutoff OD (ODC) was calculated as three
standard deviations above the mean OD of the negative
control (ODC = ODNeg + 3 × SDNeg). Each of the isolate was
designated as the non-biofilm former (OD630 ≤ ODC) or weak
(ODC < OD630 ≤ 2 × ODC), moderate (2 × ODC < OD630 ≤
4 × ODC) or strong biofilm former (4 × ODC < OD630).
Additionally, the OD values of each isolate in both media were
also statistically compared by the unpaired T test with Welch’s
correction using GraphPad Prism software version 7.0.
2.3. Biofilm Detection on CRA Plates. For phenotypic

detection of biofilm formation on agar plates, the CRA method
was used as previously described.25 The medium contained 37
g/L brain heart infusion broth (cat # CM1135, Oxoid, UK), 10
g/L bacteriological agar (cat # LP0011, Oxoid, UK), 5 g/L
sucrose, and 0.8 g/L Congo red dye (Winlab, UK). The Congo
red solution and the remaining media components were
prepared and autoclaved separately and allowed to cool till
∼55 °C. The Congo red solution and media were mixed and
poured into the plates. A 3 μL volume containing overnight
culture of each isolate was spotted on the agar plates and

Table 1. Primers Used for S. epidermidis Identification and to Target Biofilm-Associated Genes

gene associated functions primers (5′ to 3′) amplicon size (bp)

gseA serine protease ATCAAAAAGTTGGCGAACCTTTTCA 124
CAAAAGAGCGTGGAGAAAAGTATCA

atlE a major autolysin AACGAAGCAAGTAGCACC 108
ACACCACGATTAGCAGAC

f ruA fructose specific permease GTGCAGGTTGCATGTCTA 179
AAGTGACCCTGTATCGTTTA

sarA a global regulator ATTTGCTTCTGTGATACGGT 103
TGAACACGATGAAAGAACTG

sigB a σ factor TACTCTAAGGGACAATCACATC 119
GGTACTAAGAAGGCTTCAAACT

icaA PIA production AGTTTCAGGCACTAACATCC 295
CGCAGTTACAGGTAATCCAC

icaB PIA production ATG GCT TAA AGC ACA CGA CGC 526
TAT CGG CAT CTG GTG TGA CAG

icaC PIA production ATA AAC TTG AAT TAG TGT ATT 989
ATA TAT AAA ACT CTC TTA ACA

icaD PIA production AGG CAA TAT CCA ACG GTA A 371
GTC ACG ACC TTT CTT ATA TT
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incubated at 37 °C for 48 h. The isolates were classified
according to the previous reports1 as strong (black colonies
with rough consistency), weak (partial or complete black
colonies with smooth consistency), and non-biofilm formers
(pink moist colonies).
2.4. Molecular Detection of Biofilm-Associated

Genes. Different biofilm-forming genes reported earlier to
be contributing in biofilm formation7,8 were targeted during
this study. The primer sequences, product sizes, and names of
targeted genes are given in Table 1.
2.5. Antibiofilm Assay. Three antibiofilm compounds:

one natural [carvacrol (CAR), Sigma cat # 282197] and two
synthetic [2-aminobenzemidazole (2-AB), Sigma cat # 171778
and 3-indole acetonitrile (3-IA), Sigma cat # 129453] were
tested against three strong biofilm-producing S. epidermidis
isolates (in each media): isolates MU-5, MU-6, and MU-45 in
TSB medium and isolates MU-8, MU-18, and MU-45 in M9
medium. Each of the compounds was tested at three different
concentrations. For the antibiofilm assay, a fresh colony of
each isolate was inoculated in TSB and incubated at 37 °C for
18 h with 180 rpm shaking (containing 108 CFU/mL). The
growth was diluted as 1:100 in the respective media
(supplemented TSB or M9), and a 200 μL volume of diluted
cultures containing antibiofilm compounds was coated in each
well of the 96-well plates. For CAR, 1, 2, and 3 mM (in
ethanol) final concentrations were tested;26 for 2-AB, 50, 100,
and 200 μg/mL (in toluene)27 final concentrations, whereas
for 3-IA, 0.25, 0.5, and 1 mg/mL (in toluene) final
concentrations were used.28 Bacterial cultures in respective
media without any antibiofilm compound were used as positive
controls, cultures containing solvents only (ethanol and
toluene) were used as “solvent controls” (to rule out any
effect of the used solvent on biofilm formation), whereas sterile
media were used as negative controls. The plates were kept at
37 °C for 48 h, and the formed biofilms were detected as
described earlier and compared with the solvent controls to
determine the antibiofilm effect of the tested compounds. Each
sample was tested in triplicate wells, and the experiment was
performed twice.

3. RESULTS
A total of 50 isolates were identified as S. epidermidis on the
basis of their colony morphology on nutrient agar as white, 2−
3 mm in diameter, raised colonies with a round shape with
complete edges. All the isolates were confirmed as S.
epidermidis by successful amplification of the 124 base pair
(bp) fragment of the gseA gene using the PCR.
3.1. Phenotypic Detection of Biofilm Formation. The

confirmed 50 isolates were allowed to form biofilms in TSB
media (supplemented with 1% glucose), and the TCP method
detected three (6%) isolates (MU-5, MU-6, and MU-45) as
strong biofilm formers, six (12%) as moderate biofilm formers,
and 36 (72%) as weak biofilm formers, while 5 (10%) isolates
were detected to be non-biofilm formers according to
Stepanovic’́s classification.24 In the case of M9 medium,
three (6%) isolates (MU-8, MU-18, and the same MU-45)
were found to be strong biofilm formers, with 11 (22%) as
moderate biofilm formers, 23 (46%) as weak biofilm formers,
and 13 (26%) as non-biofilm formers (Figure 1).
After Stepanovic’́s classification of the isolates, the OD630nm

of the produced biofilms in the two different media were
compared using the unpaired T test with Welch’s correction
using GraphPad Prism software version 7.0. In TSB medium,

25 isolates showed significantly better biofilms (p < 0.05),
whereas only eight isolates formed significantly better biofilms
in M9 medium (p < 0.05). The differences between biofilms
formed by the remaining 17 isolates were non-significant (p >
0.05). The CRA technique classified five (10%) isolates as
strong biofilm producers, 26 (52%) as weak biofilm formers,
and 19 (38%) isolates as non-biofilm formers on agar plates
(Figure 2).
3.2. Genotypic Detection of Biofilm-Forming Genes.

The performed PCR detected different biofilm-forming genes
among the 50 S. epidermidis isolates. Among the 10 targeted
genes, f ruA was the most prevalent, being detected in 10
(20%) isolates, followed by icaA 9 (18%) and icaB 3 (6%)
genes. The remaining seven genes were not detected in any of
the isolates (Figure 3).
3.3. Antibiofilm Assay. In TSB medium, when the

antibiofilm activity of CAR was tested against three strong
biofilm-producing isolates (MU-5, MU-6, and MU-45), all the
tested concentrations of CAR significantly reduced biofilm
formation (p < 0.0001) as compared to the solvent control,
while the differences among the three concentrations were
found to be non-significant. The other two tested antibiofilm
compounds (2-AB and 3-IA) significantly reduced biofilm
formation (p < 0.0001 and p = 0.006, respectively) in TSB
medium when used at the highest concentrations, that is, 200
μg/mL and 1 mg/mL, respectively; however, the other two
tested concentrations did not reduce biofilm formation
significantly (p > 0.05). Similarly, while testing the antibiofilm
compounds in M9 medium against three strong biofilm-
producing isolates (MU-8, MU-18, and MU-45), the highest
concentrations of 2-AB and 3-IA significantly reduced biofilm
formation (p = 0.0107 and p < 0.0001, respectively) as
compared to the solvent control, whereas the reduction with
other two concentrations was found to be non-significant (p >
0.05). Although the 3 mM concentration of CAR reduced
biofilm formation in M9 medium, this reduction was
statistically non-significant (p = 0.0713).

4. DISCUSSION
Biofilm formation has been reported in different species of
Staphylococcus, especially S. aureus and S. epidermidis, which is
related to the contamination of biomedical devices. Different
investigations have correlated the adherence of these micro-
organisms on various gadgets with the disease patho-
genesis.29,30 For designing an effective antimicrobial therapy
against S. aureus and S. epidermidis infection, the biofilm
formation potential of the prevailing isolates needs to be
investigated. Different phenotypic and genotypic methods have
been used for the detection of biofilm-associated infections.31

We have used both phenotypic and genotypic approaches to

Figure 1. Classification of biofilm-producing S. epidermidis isolates
using the TCP method. Lane 2: negative control (without
inoculation), lane 3: non-biofilm producer, lanes 4−6: weak biofilm
producers, lanes 7 and 9−11: moderate biofilm producers, lane 8:
strong biofilm producers, and lane 1 and 12 were kept empty.
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detect the in vitro biofilms formed by clinical isolates of S.
epidermidis.
In addition to PIA, the main adhesin of S. epidermidis, the

extracellular matrix of staphylococcal biofilms contained
amyloid fibrils, extracellular DNA, and other proteins. Different
studies have reported the association of the ica operon and
other genes with the biofilm formation ability of various
Staphylococcus isolates. The icaA gene encodes N-acetylgluco-
saminyl transferase, which produces PIA oligomers, whereas
the optimal efficiency of IcaA is supported by the product of
the icaD gene. The externalization of the nascent poly-
saccharide of Staphylococcus is supported by the icaC gene
product, whereas deacetylation of PIA is achieved by N-
deacetylase, a product of icaB. Additionally, certain environ-
mental conditions also affect the expression of the ica locus.32

Previous studies have reported a varying degree of the ica
operon prevalence ranging from 27% in nasopharyngeal S.
epidermidis isolates,33 to 45% in clinical isolates.34 In the
current study, the icaA gene was detected in nine (18%)
isolates, out of which three isolates also contained the icaB
gene. The difference in prevalence is due to multiple factors
including geographical variation, quorum sensing (negatively
correlated with biofilm formation) and other alternative (ica-
independent) mechanisms of biofilm formation by S.
epidermidis isolates.32 Instead of mere gene presence, other
factors including expression of genes under suitable conditions,
neighboring microbial species including Candida,35 and
nutritional and community based factors play a vital role in
biofilm formation36 as no association was found between the
presence of genes and phenotypic detection of biofilms formed
by S. epidermidis isolates in our study. Similarly, other studies
reported the presence of biofilm-associated genes in both
biofilm-forming and non-biofilm-forming isolates; however, the
expression of these genes was found to be significantly high
among biofilm-forming isolates.37

The phenotypic detection of biofilm formation by the TCP
method24 detected two isolates forming strong biofilms in each
of the two tested media, where one isolate showed a strong
biofilm in both media. This percentage (10%) of strong
biofilm-producing S. epidermidis is comparable with that in
other studies. Although another study has detected 16.6% of S.
epidermidis isolates as moderate biofilm producers, no isolate
could be categorized as a strong biofilm former.34 Chemically
defined media (CDM), having additional amino acids
(including L-lysine), glucose, purines, vitamins, and salts,
demonstrated strong biofilm formation by 32.5% S. epidermidis
isolates.38 The comparative OD630nm analysis found the glucose
supplemented TSB to be more suitable to S. epidermidis for
biofilm formation because it supported significantly better
biofilms (p < 0.05) in 25 (50%) isolates. A similar
enhancement in biofilm formation by S. epidermidis due to
glucose and other nutrient supplementation has also been
reported earlier using CDM38 and TSB1 growth media.
Although the CRA method also detected five (10%) isolates
as strong biofilm producers, these isolates were different from
the strong biofilm producers detected by the TCP and
genotypic methods. Moreover, the CRA method was not able
to differentiate between weak and moderate biofilm
producers39 and was also reported to have limited reprodu-
cibility.31 Thus, despite being a simple and quick method, the
CRA method has compromised applicability in laboratory
settings as compared to the reliable TCP method.

Different antibiofilm compounds have been tested against
multiple clinical pathogens including Staphylococcus species.
This study evaluated the antibiofilm potential of previously
reported (CAR and 2-AB) and novel 3-IA compounds against
strong biofilm-producing S. epidermidis isolates. The use of
toluene as an organic solvent for 2-AB and 3-IA was also
evaluated. 3-IA has been reported for its antibiofilm activity
against Escherichia coli and reducing the virulence of
Pseudomonas aeruginosa;40 however, its antibiofilm activity
has not been reported against S. epidermidis. We hereby report
the significant antibiofilm activity of 3-IA (1 mg/mL) against S.
epidermidis biofilms. Different studies have reported the
antimicrobial as well as antibiofilm activity of CAR against
different bacterial infections.41,42 Although CAR reduced
biofilm formation significantly in supplemented TSB medium,
it reduced biofilm formation in M9 medium only at lower
concentrations, similar to the previously findings.26 The
hydroxyl group of CAR has been reported for its activity
against various bacterial pathogens.43 Out of the three tested
concentrations of 2-AB, significant reduction in S. epidermidis
biofilms was found with 200 μg/mL, similar to the previously
reported concentration-dependent reduction in biofilm for-
mation by S. aureus and Candida albicans isolates.27 Clinical S.
epidermidis isolates demonstrated adequate in vitro biofilm
formation in different media, as detected by phenotypic and
genotypic methods. The rapidly increasing biofilm-forming
ability of S. epidermidis and antibiofilm potential of the tested

Figure 2. Classification of biofilms-producing S. epidermidis isolates using the CRA method. (a) Non-biofilm producers, (b) weak biofilm
producers, and (c) strong biofilm producers.

Figure 3. PCR amplifications of the targeted genes. (a) Amplified
product of the gseA gene segment (124 bp) (b) f ruA gene segment
(179 bp), (c) icaA gene segment (295 bp), and (d) icaB gene segment
(526 bp).
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compounds highlighted its importance while devising the
strategies of treatment and control of S. epidermidis infections
in clinical settings.
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