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Abstract

Purpose: The current study aims to investigate genotypic and phenotypic aspects of methicillin-
resistant Staphylococcus epidermidis (MRSE) strains involved in the biofilm formation and the
attendance of the icaADB gene and genotypic characterization of this gene by random amplified
polymorphic DNA (RAPD) PCR.

Methods: 60 Staphylococcus epidermidis strains were isolated from clinical specimens, suspected of
having the bacteria, from the laboratories of Isfahan. Biofilm formation was measured by the microtiter
plate method. The attendance of biofilm formation genes was studied using PCR and all isolates
producing biofilm (strong and moderate) were genetically classified by RAPD-PCR.

Results: 37 isolates (61.7%) were MRSE and all positive biofilm strains. The prevalence of biofilm-
related genes in the isolates was SesC (100%), Sesl (45.9%), icaA (29.7%), icaB (37.8%), icaC
(81.08%), icaD (70.2%), arcA (81.08%), and opp3AB (70%). PCR analysis showed that among 30
isolates of strong and medium biofilm production, 70% (21/30) positive for the icaADB gene. The
Dendrograms obtained from RAPD-PCR results showed that all nine main clusters were at an 80%
similarity level, and there were four isolates of a single type.

Conclusion: These findings confirmed the high genotypic diversity of biofilm-producing MRSE strains
and the relative diffusion of specific clones among clinical samples.
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INTRODUCTION

Staphylococcus epidermidis (S. epidermidis) is
an important part of the normal microbial flora of
the skin and mucous membranes [1]. Today, this
bacterium is responsible for the majority of
infections, which are usually without severe

clinical signs [2,3]. S. epidermidis is a major
cause of nosocomial infections in infants and
people with fixed medical prostheses. Biofilm
formation is one of the important factors in the
pathogenicity and antibiotic resistance of
microorganisms in the environment [4]. Many S.
epidermidis strains transport the icaADBC
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operon that encodes proteins participating in the
structure of the exopolysaccharide PIA
(Polysaccharide Intercellular Adhesin). PIA is
made through the rein of the intercellular
adhesion (ica) locus. The ica locus comprises
icaR (regulatory) and ica ADBC (biosynthetic)
genes [5]. In ica genes, the icaA and icaD play a
significant role in the maximal expression of
biofilm formation [6-8]. Today, cell-wall-correlated
surface proteins have been introduced as S.
epidermidis surface (Ses) proteins (e.g., Sesl
and SesC). When patients are infected by S.
epidermidis isolate, they show Sesl and SesC
which are responsible for bacterial biofilm
adherence.

Sesl consists of 201 amino acids and SesC
includes 676 amino acids indicating the LPETG
motif as a sortase substrate [7-9]. The Sesl gene
is expressed in invasive strains [7, 8]. In vitro, the
amount of biofilm produced by each S.
epidermidis isolate varies substantially. It is
significantly affected by glucose as well as
growth and environmental conditions [10, 11]. In
S. epidermidis, arginine catabolic motility
(ACME) is a new genomic island that
enhances the colonization and biofilm capacity of
S. epidermidis species in the skin and mucus, as
well as encoding specific virulence factors. The
organism's survival and pathogenesis are
significant factors. ACME has a gene cluster of
opp3 and arc that are homological together and
intervene in the transmission of bacterial
diseases [12]. S. epidermidis can produce biofilm
and develop drug resistance and tolerance to
antimicrobial drugs by acquiring mobile genetic
elements [12]. As a result, early detection and
management of biofilm-forming Staphylococci
are one of the required stages in the prevention
and control of device-associated nosocomial
infections [11]. Molecular markers are a valuable
tool for the description and assessment of
genetic diversity within species it has been
shown that different markers and different
classes of they show diversity. In this regard, the
RAPD molecular marker is one of the most
common molecular markers used in various
fields. RAPD is a PCR-based marker in this
regard RAPD-PCR is a cost-effective, fast, and
reliable technology for pathogenic strain
discrimination in this era of molecular taxonomy
[13, 14, 15]. Understanding the types and origins
of S. epidermidis isolates, particularly MRSE
strains, is a definitive step for epidemiological
superintendence characterization, and
determination of circulating isolates and finally is
useful for control of infections due to the above
bacterium [15-17]. Therefore, the purpose of our
study was to investigate genotypic and
phenotypic aspects of MRSE strains involved in

biofilm formation and identify the genetic
variation of these strains by RAPD-PCR.

METHODS

The present study was approved by the Ethics

Committee of Islamic Azad University -
Shahrekord Branch, Iran (Code  No.
IR.IAU.SHK.REC.1401.022). A microbiologist
from each medical diagnostic laboratory

prescreened patients to determine their inclusion
or exclusion in the study. Inclusion criteria
included all samples that were related to people
over 18 years, who had not taken any antibiotics
for three weeks prior to the visit and had no
history of hospitalization Exclusion criteria was
failure to provide informed consent.

Bacterial isolates and identification

In this cross-sectional study that was conducted
from May to August 2021, a total of 100 clinical
samples suspected of S. epidermidis were
collected from the medical diagnostic Nobel
laboratory of Isfahan. The clinical samples
included urine 35 samples, blood 25 samples,
wounds 20 samples, catheters 10 samples,
abscesses 5 samples, sputum 3 samples, and
eyes 2 samples. Clinical samples were incubated
at 37°C for 24 hours in blood agar (Merck,
Germany). S. epidermidis strains  were
specifically identified using the following
microbiological methods: observing colony
morphology, performing Gram  staining,
assessing growth on mannitol salt agar,
conducting tube coagulase tests, and evaluating
susceptibility to the novobiocin assay. Once
these methods confirmed the isolates, they were
stored at -70°C for further analysis [18].

Bacterial DNA was extracted utilizing a DNA
extraction kit (CinnaGen, Iran) and then detection
of the mecA gene were performed as earlier
reported by Havaei et al. (2015) [19].

The mixture for PCR amplification included the
following components: PCR master mix
contained 2.5 ul 10x Buffer, 0.5 uM each primer,
0.4 pl ANTP, 0.6 pl MgCI2, 5 ug template DNA
and 15.2 yl ddH20, 0.5 pl of each primer (10
pmol/ ul). Amplification conditions were initial
denaturation at 94°C for 5 min; followed by 35
cycles each of denaturation at 94°C for 15s;
annealing at 55°C for 15s; extension at 72°C for
5 min extension at 72°C for 5 min and final
extension at 72°C for 5 min. The primer
sequence used in this reaction is shown in Table
1[7, 19-21].
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Table 1: Target genes and oligonucleotide primers used for the detection of virulence factors in the S.

epidermidis strains isolated from various types of clinical samples

T;éggt Primer sequence PCR product (bp) Reference
F: TGGCTATCGTGTCACAATCG
mec R: CTGGAACTTGTTGAGCAGAG 310 [19]
F: GTTGATAACCGTCAACAAGG
SesC R: CATGTTGATCTTTTGAATCCC 388 Y
Ses| F :GCTGATTATGTAAATGACTCAAAT 208 20]
R: AGCTTTTGTTGTTTGAGCTTC
) F: ACACTTGCTGGCGCAGTCAA
ica A R: TCTGGAACCAACATCCAACA 188 [21]
oAb F: AGAATCGTGAAGTATAGAAAATT 900 21
R: TCTAATCTTTTTCATGGAATCCGT
oa F: ATGGGACGGATTCCATGAAAAAGA 1100 21]
R: TAATAAGCATTAATGTTCAATT
. F: ATGGTCAAGCCCAGACAGAGR:
icaD AGTATTTTCAATGTTTAAAGCAA 198 [21]
F: CTAACACTGAACCCCAATG
arcA R: GAGCCAGAAGTACGCGAG 1946 [20]
F: GCAAATCTGTAAATGGTCTGTTC
oppeat R: GAAGATTGGCAGCACAAAGTG 1183 [20]
. F: TTATCAATG CCGCAGTTGTC
IcaADB R: GTTTAACGCGAGTGCGCTAT 546 [20]

Figure 1: Biofilm formation among methicillin-resistant S. epidermidis

Microtiter plate test for detection of biofilm

Biofilm formation assays were carried out
following a formerly described procedure [22]
with little modifications. All isolates were
incubated overnight in tryptic soy broth (TSB,
Oxoid) plus 0.25% glucose (Merck, Germany) at
37 °C. A 1:10 dilution of bacterial culture in the
TSB medium was used. Then, 200 mL of each
dilution was distributed to each broth media in
flat-bottom 96-well polystyrene plates and
incubated for 24 hours at 37 °C without shaking.
After an overnight, the content of each well was
removed, and wells were washed with 150 pl of
sterile saline to remove all non-adherent
bacteria. The bacteria were fixed with
100% ethanol for 15 min. Then, the wells were
air-dried for 20 min after which 200 pul crystal

violet (1% wi/v) solution was added for about 5
min. After the staining step, the wells were
washed four times with distiled water to
eliminate the additional stain. The bacterial cells
were solubilized with 200 pL of 33% (v/v) glacial
acetic acid and incubated at 37 °C for 15 min.
Finally, the optical density (OD) of each well was
read at 570 nm using an ELISA reader (Stat Fax-
2100, Awareness Technology, Inc, USA). Each
test was performed in triplicate. S. epidermidis
isolates (ATCC 35984) and (ATCC 12228) were
utilized as positive and negative controls,
respectively. The adherence ability of the tested
strains was categorized into four according to OD
values Negative: ODs < 0.1; Positive: ODs: 0.1-
1.199; moderate positive: ODs: 0.2-0.299 and
ODs <0.3 (Figure 1) [22].
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Antibiotic Susceptibility Testing

The antibiotic susceptibility testing was done
according to the Kirby-Bauer method [23]. The
following antibiotics (Padtan Teb, Iran) were
utilized in this test: Oxacillin (1 pyg), methicillin (5
Mg), tobramycin (10 pg), nitrofurantoin (300 ug),
chloramphenicol (30 pjg), mupirocin (5 pg),
tetracycline (30 ug), lincomycin (1 ug),
clindamycin (2 ug), rifampicin (5 ug), gentamycin
(10 pg). In line with CLSI (2019) guidelines, the
size of inhibition zones by antibiotic disks for
resistance and susceptibility were determined
[24].

biofilm

Detection of involved in

formation

genes

Genomic DNA was extracted using by DNA
extraction kit (CinnaGen, Iran) according to the
manufacturer's instructions. The primer
sequence used for detection of biofilm-producing
genes icaA, icaB, icaC, icaD, SesC, Sesl,
icaADBC, arcA, and opp3AB is shown in Table 1.
For detection of biofilm-producing genes icaA,
icaB, icaC, icaD the polymerase chain reaction
was performed with a mixture of 9.5 yl DW, 1 pl
primer, 1.5 pl MgCI2, 3 pl 10x buffer, 2.5 pl
dNTPs, 2ul Taq polymerase, and 5yl DNA
template. The amplification program consisted of
initial denaturation at 94 °C for 5 min, 30 cycles
of denaturation at 94°C for 60 sec, annealing at
55 °C for 30 sec (icaC) and then at 55 °C for 60
sec (icaA), 55 °C for 30 sec (icaD), 52 °C for 30
sec (icaB), and extension at 72 °C for 60 sec and
final step of 72 °C for 10 min [21] and the test
method of Salgueiro et al. was used to amplify
the SesC and Sesl, opp3AB, and arcA genes
[20]. The amplification conditions for these
genes, initial denaturation at 94 °C for 3 min,
followed by 30 cycles of denaturation at 94 °C for
1 minute, primer annealing at 58 °C and
extension at 72 °C for 1 minute, and a final
extension at 72 °C for 5 min [20].

Polymerase Chain Reaction tracing of the
icaADB cluster

PCR tracing of the icaADB cluster was
performed among all the isolates that were
strong and moderate biofilm-producing using the
sequence of a primer shown in Table 1 for
amplification of the gene. The conditions for PCR
amplification were: initial denaturation at 94 °C
for 3 min, followed by 30 cycles of denaturation
at 94 °C for 1 minute, primer annealing at 58 °C
and extension at 72 °C for 1 minute, and a final
extension at 72 °C for 5 min. Amplification
products were analyzed using 1.5% agarose gel
with KBC power load dye (CinnaGen Co. Iran)
[20].

RAPD-PCR profile

All isolates producing strong and moderate
biofilms were genetically classified by RAPD-
PCR according to the method introduced by
Williams [25]. In brief, PCR amplification was
carried out in a 25 pl total volume containing 1U
Taq DNA polymerase, 2.5 pl of 10x PCR buffer,
and 2 pl the primer OLP6 (5 GAGGGAAGAG 3°)
and 50ng of DNA template. PCR amplifications
were as follows: a cycle of pre-denaturation at 94
°C for 5 min, followed by 40 cycles of 1 min at
93°C, 1.30 min at 37°C, and 1 min at 72°C. A
final extension step of 72°C for 8 min is included
in all amplifications. Negative control of the same
reaction mixture with water instead of
chromosomal DNA was included in each run.
Amplified PCR fragments were separated using
electrophoresis in a 1.5% agarose gel, stained
with KBC power load dye (CinnaGen Co. Iran),
and scanned by the Gel Documentation
Systems. RAPD profiles were analyzed based on
the number and position of the major bands
according to the Dice formula and similarity
coefficients for each pair of lanes and a
dendrogram were generated based on the
unweighted pair group method with averages
(UPGMA) using GelJ software, as described
previously [26]. Isolates with a similarity
coefficient equal to or above 80% were clustered
as the same genotypes.

RESULTS

From 100 clinical samples, 60 S. epidermidis
isolates were isolated out of which 37 isolates
were MRSE (Figure 1) all of which were positive
for biofilm formation. Among the S. epidermidis
strains, strong biofilm formation was observed in
72.9% (27/37), while 8.1% (3/37) displayed
moderate biofilm formation, and 18.9% (7/37)
exhibited weak biofilm formation. Table 2 shows
the percentage of biofilm production of isolates in
different clinical samples.

As shown in Table 3, the isolates showed high

resistance to oxacillin (91.8%), tobramycin
(64.8%), and methicillin (62.1%), but less
resistant to  mupirocin (27.02%), and

nitrofurantoin (10.8%). The prevalence of biofilm
constitutive genes was 100% (37/37) SesC,
45.9% (17/37) Sesl, 29.7% (11/37) icaA, 37.8%
(14/37) icaB, 81.08% (30/37) icaC, and icaD
70.2% (26/37), 81.08% (30/37) arcA, and 70%
(21/37) opp3AB (Figure 2).

In this research, there were a total of 30 (30/37)
isolates producing strong and moderate biofilms.
The analysis of PCR results showed that among
strong and moderate biofilm-producing isolates,

Trop J Pharm Res, January 2024; 23(1): 102



Behshood & Tajbakhsh

Table 2: Distribution of 37 biofilm forming of MRSE strains according to different clinical samples

Biofilm formation

Bacteria/ Samples

High Moderate Weak
NO % NO % NO %
Urine 16 43.2% 2 5.4% 3 8.1%
Blood 7 18.9% 1 2.7% 2 5.4
wound 3 8.1% 0 0 1 2.7
catather 1 2.7 0 0 1 2.7
total 27 72.9% 3 8.1% 7 18.9%

Table 3: Antibiotic-resistance pattern of 37 biofilm-
producing MRSE isolates

No. of Resistance

Antibiotic strains (%)
oxacillin 34 91.8
Erythromycin 28 75.67
Tetracycline 26 70.27
tobramycin 24 64.8
methicillin 23 62.1
Lincomycin 18 48.64
Clindamycin 17 45.94
chloramphenicol 19 51.35

rifampin 20 54
mupirocin 10 27.02
nitrofurantoin 4 10.8

Vancomycin 0 0

70% (21/30) of isolates were positive for the
icaADB gene (Figure 2). RAPD-PCR was used to
study all 30 isolates producing strong and
moderate biofilms S. epidermidis. The method
that we used was able to classify all 30 isolates
in this investigation. DNA profiles generated
using primer OLP6 showed 1-13 bands ranging
in size from 150 to 2000bp. The dendrogram
indicated 9 major clusters on a similarity level of
80% and 4 isolates were single type (Figure 3).
From 30 S. epidermidis strains, 7 strains
originated from cluster A that shared 2=80%
similarity. Cluster A had the most isolates, with
seven, followed by clusters B, C, and D, which
each contained three. All of the isolates in cluster

Figure 2: Electrophoresis gel images of mecA (A), SesC (B), Sesl (C), icaADB (D) genes, multiplex PCR
amplification of icaADBC (E) as well as arcA and opp3AB genes (F)
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Figure 3: Cluster analysis of MRSE isolates based on Random Amplified Polymorphic DNA typing

Table 4: Distribution of the icaADB gene among 30
biofilm-forming (strong and moderate) strains of MRSE
according to RAPD_PCR method

_ No. of BIOfIlm icaADB RAPD
isolates formation type
1 Strong + Single
2 Strong + A
3 Strong + A
4 Strong + A
5 Strong + A
6 Strong + A
7 Strong + A
8 Strong + A
9 Strong - B
10 Strong + B
11 Strong + B
12 Strong - Single
13 Strong + I
14 Strong + I
15 Strong + H
16 Strong + H
17 Strong _ D
18 Strong + C
19 Strong + C
20 Strong + C
21 Moderate - D
22 Strong + Single
23 Moderate - D
24 Strong - F
25 Moderate - F
26 Strong G
27 Strong - G
28 Strong - Single
29 Strong + E
30 Strong + E

A were strong biofilm-producing and positive for
the icaADB gene. Overall, RAPD-PCR showed
heterogeneity among the S. epidermidis isolates.
Table 4 describes the distribution of the icaADB
gene among 30 biofilm-forming (strong and
moderate) strains of MRSE according to the
RAPD-PCR method.

DISCUSSION

This study indicates a high prevalence of
antibiotic-resistant in the biofims of MRSE
strains. The isolates showed less resistance to
mupirocin and nitrofurantoin. Percentage of
biofilm production in urine isolates was higher
than in other clinical samples.

The high prevalence of biofilm formation of S.
epidermidis  isolates has been reported
previously [30-32] Similar to our research, in the
study conducted by Borooni et al (2019), t all
isolates of Staphylococcus epidermidis had the
ability to produce biofilm and the prevalence of
biofilm-producing genes was icaA (32.6%), icaB
(25.4%), icaC (72.3%), icaD (64.8%) [30].
Pinheiro et al. (2014) observed icaADBC operon
in 38.3% of strains; with 58.5 % producing a
biofilm [33]. Mekni et al. (2017) reported
icaADBC genes in 80.7% of the biofilm producer
isolates [34]. Moreover, Salgueiro et al. (2017)
[20] reported that the icaADB genes were
observed in 81.2% of the biofilm creator isolates
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[20]. The outcomes of the two studies align with
our study. Mottaghiyan et al. (2019) found that
71.2% of the isolates were capable of producing
biofims and the prevalence of icaABD was
52.2% [35].

An important group of S. epidermidis surface
(Ses) proteins in the biofilm are known for their
potency to attach to host cells, immunogenicity,
and association with invasive strains. Anti-SesC
antibodies are utlized to prevent the
establishment of biofilms by isolates of S.
epidermidis, because the SesC sequence in S.
epidermidis is  highly  protected [7,8].
Khodaparast et al. 2016 reported that the SesC
gene is found in all S. epidermidis isolates and
can be used as a genetic marker to distinguish S.
epidermidis from other isolates [7]. Fard et al.
(2015) found that out of 40 CoNS, every 20
isolates identified as S. epidermidis were SesC
positive. [8]. SesC is an important virulence
factor associated with adhesion and Qi X et al.
(2018) demonstrated that the prevalence of Sesl
in S. epidermidis invasive isolates was
significantly higher compared with noninvasive
isolates [27]. Also, Soderquist et al. (2009)
indicated that there is no Sesl in the normal S.
epidermidis flora of healthy subjects, but, it was
detected in nearly 50% of invasive isolates
correlated with invasive infections [36]. ACME-
arcA is a genomic isle and a safe sequence in
Staphylococcus that roles in retention [12, 35].
Diep et al. (2016) showed that 60% of S.
epidermidis isolates were positive for arcA [37].
In study conducted by Xu et al. (2018) the
outbreak of arcA was reported in 67.7% of MRSE
isolates, and 74.1 of S. epidermidis isolates, and
83.3% of Methicillin-sensitive S. epidermidis
(MSSE) strains. [29]. It was determined in the
report done by Shamansouri et al. (2016) the
arcA gene may promote strain with many drugs
resistance and 14 (20.58%) of MRSE strains
were positive for arcA [12]. The distribution of arc
and opp3 clusters in S. epidermidis was reported
by Du et al. (2013) to be 71.6 percent and 32.4
percent, respectively [36]. Machado et al. (2021)
reported all strains positive for ACME cluster
opp3AB were also positive for arcA. The
outcome of this survey was close to ours [38].
Consequently, the results of our and many
studies suggest that due to the high rate of
biofilm-formation of S. epidermidis isolates,
paying attention and successful management of
these isolates is recommended. The molecular
typing method was evaluated not only for its
potential to reveal possible differences in
properties between strains but also for its ability
to help in the identification of related colonies of
these bacteria among various hosts and sources
[39].

Today, PCR-based typing techniques are
impressive methods to investigate the strain
source, the clonal association between strains,
and epidemiology. RAPD-PCR typing is a simple,
beneficial, and cost-beneficial method that has
been commonly used for the genetic diversity of
MRSE isolates at a regional scale [40, 41]. A
dendrogram analysis revealed 9 clusters with a
similarity of 80%, which shows the high diversity
of the studied isolates in our study. Out of the 30
strong and moderate biofilm-producing isolates,
7 strains originated from cluster A and all of them
carried the icaADB genes indicating their
significant similarity and the potential of a
relatively common origin of spreading in our
setting. In addition, clusters B, C, and D, each
with three isolates, are the common source of
strain expansion in our setting. In a study by Zare
et al. (2019). RAPD-PCR of S. aureus was
performed via OLP6primer. It revealed four
groups of a similar clone [13]. In addition,
Maghsoudloo et al. made a molecular pattern of
60 S. epidermidis strains using the RAPD-PCR
technigue. Consistent with our findings, their
results identified 24 species of RAPD indicating
high genotypic variation in S. epidermidis isolates
[42].

CONCLUSION

This study showed the high genotypic diversity of
biofilm-producing in MRSE strains. The use of
molecular typing methods such as MLST
technique in additon to the RAPD-PCR
technique is suggested to check the genetic
diversity of MRSE strains and check specific
clones among them.

DECLARATIONS

Acknowledgements

None provided.

Funding

The research did not receive specific funding but
was a Postdoc research supported by Islamic
Azad University - Shahrekord Branch.

Ethical approval

None provided.

Availability of data and materials

The datasets used and/or analyzed during the

current study are available from the
corresponding author on reasonable request.

Trop J Pharm Res, January 2024; 23(1): 105



Behshood & Tajbakhsh

Conflict of Interest
No conflict of interest associated with this work.
Contribution of Authors

The authors declare that this work was done by
the authors named in this article and all liabilities
pertaining to claims relating to the content of this
article will be borne by them. P.B.: investigation,
formal analysis and writing—original draft; E.T.:
conceptualization, writing—review and editing,
funding acquisition, supervision. All authors
discussed the results and agreed on the final
manuscript.

Open Access

This is an Open Access article that uses a
funding model which does not charge readers or
their institutions for access and distributed under
the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/
4.0) and the Budapest Open Access Initiative
(http://www.budapestopenaccessinitiative.org/rea
d), which permit unrestricted use, distribution,
and reproduction in any medium, provided the
original work is properly credited.

REFERENCES

1. Becker K, Heilmann C, Peters G. Coagulase-negative
staphylococci. Clinical microbiology reviews, 2014,
27(4):870-926.

2. Otto M. Staphylococcus epidermidis—the ‘accidental'
pathogen. Nature reviews microbiology, 2009,
7(8):555-567.

3. Nguyen TH, Park MD, Otto M. Host response to
Staphylococcus epidermidis colonization and
infections.  Frontiers in cellular and infection
microbiology, 2017 : 21;7:90.

4. Algburi A, Comito N, Kashtanov D, Dicks LM, Chikindas
ML. Control of biofilm formation: antibiotics and
beyond. Applied and environmental microbiology.
2017;83(3):e02508-16.

5. Arciola CR, Campoccia D, Ravaioli S, Montanaro L.
Polysaccharide intercellular adhesin in  biofilm:
structural and regulatory aspects. Frontiers in cellular
and infection microbiology. 2015;5:7.

6. Hoveida L, Halaji M, Rostami S, Mobasherizadeh S.
Biofilm-producing ability of Staphylococcus spp isolated
from different foodstuff  products. Ann g,
2019;31(2):140-7..

7. Khodaparast L, Khodaparast L, Shahrooei M, Stijlemans
B, Merckx R, Baatsen P, O’Gara JP, Waters E, Van
Mellaert L, Van Eldere J. The possible role of
Staphylococcus epidermidis LPXTG surface protein
SesC in biofilm formation. PLoS One.
2016;11(1):e0146704.

8. Fard SS, Amin M, Khodaparast L, Khodaparast L,
Choghakabodi PM, Shahrooei M. Detection of biofilm
phenotype of isolated Staphylococcus epidermidis from
respiratory catheters of hospitalized patients and
evaluation the effect of antibodies against SesC protein
on biofilm formation. Clinical Microbiology: Open
Access, 2015;4 (5): 1-6.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Shahrooei M, Hira V, Khodaparast L, Khodaparast L,
Stijlemans B, Kucharikova S, Burghout P, Hermans
PW, Van Eldere J. Vaccination with SesC decreases
Staphylococcus epidermidis biofilm formation. Infection
and immunity, 2012;80(10):3660-8.

Halaji M, Karimi A, Shoaei P, Nahaei M, Khorvash F,
Ataei B, Yaran M, Havaei SA. Distribution of SCCmec
elements and presence of Panton-Valentine Leukocidin
in Methicillin-Resistant Staphylococcus epidermidis
isolated from clinical samples in a University Hospital of
Isfahan City, Iran. Journal of clinical and diagnostic
research: JCDR, 2017;11(7):DC27.

Khatoon Z, McTiernan CD, Suuronen EJ, Mah TF,
Alarcon El. Bacterial biofilm formation on implantable
devices and approaches to its treatment and
prevention. Heliyon. 2018;4(12):e01067.

Shamansouri S, Zadeh VK, Khazaei M. Study on the
percent of frequency of ACME-Arca in clinical isolates
resistant to methicillin-staphylococcus epidermidis in
Isfahan, Iran. Journal of Fundamental and Applied,
2016;8(2):1046-57.

Zare S, Derakhshandeh A, Haghkhah M, Naziri Z,
Broujeni AM. Molecular typing of Staphylococcus
aureus from different sources by RAPD-PCR analysis.
Heliyon, 2019;5(8):e02231.

Hakimi Alni R, Mohammadzadeh A, Mahmoodi P,
Alikhani MY. RAPD-PCR analysis of Staphylococcus
aureus strains isolated from different sources.
Comparative Clinical Pathology, 2017;26(4):823-30.

Sargazi A, Fakheri B, Soloki M, Fazelinasab B. Genetic
diversity of som population of medicinal Ajowan (Carum
copticum) using RAPD marker. Journal of Medicinal
Plants Biotechnology. 2016;2(Second):22-36.

Ostojic M, Hukic M. Genotypic and phenotypic
characteristics of Methicillin-resistant Staphylococcus
aureus (MRSA) strains, isolated on three different
geography locations. Bosn J Basic Med Sci. 2015 Aug
4;15(3):48-56. doi: 10.17305/bjbms.2015.402. PMID:
26295294, PMCID: PMC4594326.

Elkady FM, Al-Askar AA, Tawab AA, Alkherkhisy MM,
Arishi AA, Hashem AH. Comparative Genotypic
Analysis of RAPD and RFLP Markers for Molecular
Variation Detection of Methicillin-Resistant
Staphylococcus aureus Clinical Isolates. Medicina
(Kaunas). 2022 Sep 8;58(9):1245. doi:
10.3390/medicina58091245. PMID: 36143922; PMCID:
PMC9505472.

Mahon CR, Lehman DC, Manuselis G. Textbook of
diagnostic  microbiology-e-book.  Elsevier  Health
Sciences; 2018

Havaei SA, Assadbeigi B, Esfahani BN, Hoseini NS,
Rezaei N, Havaei SR. Detection of mecA and
enterotoxin genes in Staphylococcus aureus isolates
associated with bovine mastitis and characterization of
Staphylococcal cassette chromosome mec (SCCmec)
in MRSA strains. Iranian Journal of Microbiology,
2015;7(3):161.

Salgueiro VC, lorio NL, Ferreira MC, Chamon RC, Dos
Santos KR. Methicillin resistance and virulence genes
in invasive and nasal Staphylococcus epidermidis
isolates from neonates. BMC microbiology, 2017;17(1):
1-10.

Ghasemian A, Najar Peerayeh S, Bakhshi B, Mirzaee M.
The prevalence of icaADBC Genes among Clindamycin
Inducible Resistant Staphylococcus aureus Isolates.
Infection Epidemiology and Microbiology, 2016;2(1):15-
7.

Naves P, Del Prado G, Huelves L, Gracia M, Ruiz V,
Blanco J, Rodriguez-Cerrato V, Ponte MC, Soriano F.
Measurement of biofilm formation by clinical isolates of
Escherichia coli is method-dependent. Journal of
applied microbiology. 2008;105(2):585-90.

Behshood P, Tajbakhsh E, Momtaz H. Recognition of
(Sesc) for Easy Identification of Staphylococcus
Epidermidis and Molecular and Phenotypic Study of B-

Trop J Pharm Res, January 2024; 23(1): 106



24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Behshood & Tajbakhsh

Lactam Resistance in Staphylococcus Epidermidis
Isolates in Isfahan. Rep Biochem Mol Biol. 2020
Oct;9(3):309-314. doi: 10.29252/rbmb.9.3.309. PMID:
33649724; PMCID: PMC7816779.

Clinical and Laboratory Standards Institute.
2019. Performance  standards for  antimicrobial
susceptibility testing. CLSI supplement M100, 29th ed.
Clinical and Laboratory Standards Institute, Wayne,
PA.

Williams JG, Kubelik AR, Livak KJ, Rafalski JA, Tingey
SV. DNA polymorphisms amplified by arbitrary primers
are useful as genetic markers. Nucleic acids research,
1990;18(22):6531-6535.

Heras J, Dominguez C, Mata E, Pascual V, Lozano C,
Torres C, Zarazaga M. GelJ-a tool for analyzing DNA
fingerprint gel images. BMC  bioinformatics.
2015;16(1):1-8.

Qi X, Jin Y, Duan J, Hao Z, Wang S, Guo Y, Lv J, Hu L,
Wang L, Yu F. Sesl may be associated with the
invasiveness of Staphylococcus epidermidis. Frontiers
in microbiology, 2018; 8:2574-2580.

Aboelnour A, ME SZ, El-Kannishy SM, EI Kheir NA.
Molecular Study of Intracellular Adhesion Genes (ica)
and Fibronectin Binding Protein Genes (FnB) in Clinical
Isolates of Staphylococcus aureus Isolated from
Patients Under Chemotherapy. International Journal of
Drug Development and Research, 2018;10(4): 0-0.

Hasanvand H, Teymouri F, Ohadi E, Azadegan A, Kalani
BS. Biofilm formation in Staphylococcus epidermidis
isolated from hospitalized patients. Archives of Clinical
Infectious Diseases. 2019;14(3) : €64496.

Borooni S, Nourbakhsh V, Nourbakhsh F, Tajbakhsh E,
Yazdanpanah A. Biofilm formation and its genes
expressions in Staphylococcus epidermidis isolated
from urinary tract infections of children in Isfahan.
International  Archives of  Health Sciences.
2019;6(1):41-45.

Solati SM, Tajbakhsh E, Khamesipour F, Gugnani HC.
Prevalence of virulence genes of biofilm producing
strains of Staphylococcus epidermidis isolated from
clinical samples in Iran. AMB Express, 2015;5(1):1-5.

Shahkarami F, Rashki A. Prevalence of ica operon
related genes in Staphylococcus aureus and
Staphylococcus epidermidis clinical isolates. Iranian
Journal of Medical Microbiology, 2016;9(4) :16-23.

Pinheiro L, Brito ClI, Pereira VC, Oliveira AD, Camargo
CH, Cunha MD. Reduced susceptibility to vancomycin
and  biofim  formation in  methicillin-resistant
Staphylococcus epidermidis isolated from blood

34.

35.

36.

37.

38.

39.

40.

41.

42.

cultures. Memorias do Instituto Oswaldo Cruz.
2014;109:871-878.

Mekni MA, Achour W, Hassen AB. Overview of Genetic
Background Beyond Polysaccharide Intercellular
Adhesion Production in Staphylococcus epidermidis.
Jundishapur Journal of Microbiology, 2017;10(1).

Mottaghiyan Z, Aghazadeh M, Hosseini HM, Fooladi AA.
Evaluation of Antibacterial Activity of Zataria multiflora
Against the Expression of icaADB and aap Gene and
Biofilm Formation in Staphylococcus epidermidis.
Archives of Clinical Infectious Diseases, 2019;14(1):8.

Du X, Zhu Y, Song Y, Li T, Luo T, Sun G, Yang C, Cao
C, Lu Y, Li M. Molecular analysis of Staphylococcus
epidermidis strains isolated from community and
hospital environments in China. PloS one.
2013;8(5):€62742.

Diep BA, Stone GG, Basuino L, Graber CJ, Miller A, des
Etages SA, Jones A, Palazzolo-Ballance AM,
Perdreau-Remington F, Sensabaugh GF, DelLeo FR.
The arginine catabolic mobile element and
staphylococcal chromosomal cassette mec linkage:
convergence of virulence and resistance in the USA300
clone of methicillin-resistant Staphylococcus aureus.
The Journal of infectious diseases. 2008;197(11):1523-
1530.

Machado TS, Pinheiro FR, Andre LS, Pereira RF, Correa
RF, de Mello GC, Ribeiro TA, Penna B, Sachs D,
Aguiar-Alves F. Virulence factors found in nasal
colonization and infection of methicillin-resistant
Staphylococcus aureus (MRSA) isolates and their
ability to form a biofilm. Toxins, 2020;13(1):14.

Reinoso E, Bettera S, Frigerio C, DiRenzo M, Calzolari A,
Bogni C. RAPD-PCR analysis of Staphylococcus
aureus strains isolated from bovine and human hosts.
Microbiological research. 2004;159 (3):245-255.

Sabat A, Malachowa N, Miedzobrodzki J, Hryniewicz W.
Comparison of PCR-based methods for typing
Staphylococcus aureus isolates. Journal of clinical
microbiology. 2006;44(10):3804-7.

Idil N, Bilkay IS. Application of RAPD-PCR for
determining the clonality of methicillin resistant
Staphylococcus aureus isolated from different
hospitals. Brazilian Archives of Biology and
Technology. 2014;57:548-53.

Maghsoodlou M, Rajabnia M, Davoodabadi A, Khafri S,
Sabbagh P, Ghasemtabar H, Mohammadi O, Namvar
AE. Molecular Study of Staphylococcus epidermidis
Strains Isolated from Clinical Specimens from Different
parts of Rouhani Hospital (Babol, Iran). Biomedical J
Sci Tech Res, 2019; 12(4) . 9382-9386.

Trop J Pharm Res, January 2024; 23(1): 107



