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Abstract
Background: Coagulase-negative Staphylococcus epidermidis is the most prevalent member of the human skin normal biota that
plays an important role as a common cause of catheter and prosthetic device-related infections from, for example, indwelling
catheters.
Objectives: This study aimed to characterize the clonality of biofilm-producing methicillin-resistant S. epidermidis (MRSE) strains
isolated from catheterized patients with urinary tract infection at a referral hospital in Tehran, Iran.
Methods: Between 2014 and 2016, a total of 56 methicillin-resistant S. epidermidis (MRSE) strains were recovered from catheterized
patients. The MRSE isolates were tested for biofilm formation and different genes involved in this process were detected. Clonal dissemination of MRSE isolates was determined using the combination of pulsed-field gel electrophoresis (PFGE) and SCCmec typing.
Results: Out of the 56 MRSE strains, 50 (89%) formed biofilm and were positive for icaA and icaD genes, and 73% (n = 41) harbored
IS256. The PFGE patterns revealed a total of 32 different pulsotypes consisting of 16 single types (STs), 16 common types (CTs), and 2
SCCmec types (III and IV) were detected. Moreover, all STs carried SCCmec type IV and classified as community-acquired strains. Four
CTs were common among biofilm and non-biofilm producing strains.
Conclusions: The presence of icaA and icaD genes with a high prevalence of IS256 element in clonal groups of MRSE strains suggests that ica, IS256, and biofilm forming ability occur simultaneously in specific S. epidermidis clones and spread preferentially in
hospitals and community.
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1. Background
Staphylococcus epidermidis as a most important member of coagulase-negative staphylococci (CNS) is known as
a part of the human normal microbiota (1, 2). S. epidermidis
is now recognized as an opportunistic pathogen, and is the
most important cause of indwelling device-related infections from central venous catheters, prosthetic joints, artificial lenses, CSF-shunts cardiac pacemakers, heart valves,
and so on (3). Staphylococci, mostly S. epidermidis and
Staphylococcus aureus, are the most important causative
agents of device-associated infections that do not respond
properly to antimicrobial treatments (4). The adherent
biofilm-associated staphylococci developed on the surface
of indwelling devices show a significantly greater resistance to antibiotics compared to their planktonic counterparts (5, 6). In the biofilm form, bacteria are embedded in
a sticky extracellular matrix that protects them from the
mechanisms of host defense (2, 6).

Bacterial biofilm formation in catheterized patients is
a four-step process consisting of adherence, accumulation,
maturation, and dispersal (5, 6). Binding of staphylococci
to extracellular matrix proteins is due to microbial surface components recognized as adhesive matrix molecules
(MSCRAMMS) (2, 3). The ica gene cluster in S. epidermidis
appears to have an important role in the pathogenesis of
device-related infections (3), and biofilm in S. epidermidis is
due to the icaADBC operon that is responsible for the synthesis of a major component of exopolysaccharide matrix,
polysaccharide intercellular adhesion (PIA) or polymeric
N-acetyl-glucosamine (PNAG) (2, 5, 6). It has been indicated
that IS256 as an insertion sequence element can influence
the expression of ica operon, biofilm formation, and resistance to aminoglycosides (7).
Compared to active cells, biofilms that are dormant
cells show reduced activity in different processes such as
DNA replication, protein synthesis, and cell division, which
decrease the efficacy of different antibiotics that target
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these bacterial processes (2).
This study aimed to characterize the clonality of
biofilm producing methicillin-resistant S. epidermidis
(MRSE) strains isolated from catheterized patients with
urinary tract infection during a 2-year period at a referral
hospital in Tehran, Iran.

2. Methods
2.1. Isolation and Identification of Bacteria
A total of 351 strains of S. epidermidis were isolated from
413 urine samples of catheterized patients (long-dwelling
catheters) who showed clinical manifestations such as
fever (> 38.0°C), suprapubic tenderness, pain, urinary urgency, urinary frequency, and dysuria at a referral hospital in Tehran between June 2014 and May 2016. Urine specimens were obtained from adult patients via the cleancatch midstream technique, according to the guidelines
by Wilson et al. (8).
The urine samples were cultured on blood agar plates
(Merck KGaA, Darmstadt, Germany) and colonies suspected to be staphylococci were subjected to polymerase
chain reaction (PCR) using species-specific gseA gene
primers, encoding for glutamic acid specific protease (9)
(see below). The S. epidermidis (ATCC 35984) and S. aureus
(ATCC 29213) isolates were used as positive and negative references, respectively. The S. epidermidis isolates were stored
in glycerol-nutrient broth at -80°C.

2.3.2. Quantitative Biofilm Assay Using a Microtiter Plate
A crystal violet assay was performed to measure the
ability of the bacteria to adhere and form biofilms in trypticase soy broth (TSB) medium (Merck KGaA, Darmstadt,
Germany) supplemented with sucrose, as described previously (12). The cutoff OD value (ODc) was defined as three
standard deviations above the mean OD of the negative
control. The biofilm formation was classified as strong (4
× ODc < OD570 ), moderate (2 × ODc < OD570 ≤ 4 × ODc),
weak (ODc < OD570 ≤ 2 × ODc), and negative (OD570 ≤
ODc) (13).

2.4. DNA Extraction and PCR Assay
DNA of all bacterial isolates was extracted using QIAamp DNA Mini Kit (Qiagen, Hilden, Germany) according
to the manufacturer’s guidelines. PCR primers specific for
gseA and mecA genes and conditions of PCR were as described previously by Ikeda et al. (9) and McClure et al. (14),
respectively.

2.5. Detection of Genes Involved in Biofilm Formation
The aap, icaA, icaD, IS256, and ica operon genes were detected using specific primers introduced earlier by Petrelli
et al. (15) and Conlon et al. (16). S. epidermidis ATCC 35984
was employed as a positive control.

2.6. Determination of SCCmec Types
2.2. Antibacterial Susceptibility Tests
The susceptibility of S. epidermidis isolates to cefoxitin
(30 µg) was tested using a disc diffusion method on MullerHinton agar (Merck KGaA, Darmstadt, Germany) according
to the Clinical Laboratory Standards Institute (CLSI) guidelines (10).

A multiplex PCR assay using specific primers for
SCCmec types I-V was employed for typing of MRSE strains.
PCR cycles and conditions were identical to those described by Miragaia et al. (17).

2.7. Pulsed-Field Gel Electrophoresis
2.3. Biofilm Formation
2.3.1. Slime Production on Congo Red Agar Plates
To achieve the slime producing MRSE strains, the bacteria were cultured on Congo red agar plates prepared with
brain heart infusion agar (Oxoid, LTD., Basingstoke, Hampshire, England) supplemented with 36 g/L sucrose and 0.8
g/L Congo red dye (Merck KGaA, Darmstadt, Germany) and
were analyzed as described previously (11). All bacteria
were tested for slime black colonies and were regarded as
slime producing isolates. S. epidermidis ATCC 35984 and S.
epidermidis ATCC 12228 served as positive and negative references, respectively.
2

PFGE was used to type all biofilm producing MRSE
isolates in CHEF-DR III system (Bio-Rad, Hercules, CA,
USA) using chromosomal DNA digested with SmaI (Roche,
Mannheim, Germany) according to the conditions described previously for S. aureus by Chung et al. (18).
Salmonella choleraesuis serotype Branderup H9812 digested
with XbaI enzyme (Roche, Mannheim, Germany) was included as a molecular size marker. The banding patterns of
MRSE strains were analyzed by the UPGMA method using
Gelcompare II software version 4.0 (Applied Maths, SintMartens-Latem, Belgium) according to the guidelines described by Tenover et al. (19).
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3. Results

4. Discussion

3.1. Identification of Isolates

Using a high-quality PFGE typing method, we found
the presence of certain clonal groups of MRSE in patients
with UTI at a referral hospital in Tehran, Iran. The MRSE
strains in this study had the lowest frequency among hospitalized patients in Iran (12, 20) that could be partly due
to the fact that in this study, we focused on isolating MRSE
strains from UTI patients with indwelling medical devices.
The combination of two different quantitative and qualitative biofilm assays revealed that 89% of the MRSE strains
were slime producers. Similar results have been reported
in Germany (7, 21). On the other hand, in other studies, a
lower rate of biofilm formation was reported (22, 23).
In S. epidermidis and methicillin-sensitive S. aureus
(MSSA), the ica locus is responsible for the production of
PIA, which is necessary for cells-cell interaction (2, 3, 5, 6).
We showed that all biofilm producing MRSE strains harbored icaA and icaD genes and they were able to form slime
and black colonies. This finding is in contrast to those
found by Arciola et al. (22) reporting that these genes were
not detected in 100% of biofilm producing isolates while
it is in agreement with other studies (24-27). The comparison of biofilm-forming and non-biofilm producing strains
in this study may indicate the importance and necessity of
ica locus genes for slime layer production and biofilm formation, which is consistent with other reports (3, 25, 26).
In the present study, the rate of ica operon was higher than
that reported in other reports. Petrelli et al. revealed, “Detection of icaADBC is not suitable as a discriminating test
for the invasiveness capacity of S. epidermidis” (15). On the
other hand, the lack of aap gene results in the decreased
attachment of S. epidermidis strains to polystyrene and indwelling medical devices (6, 28).
Different reports indicated the presence of transposon
IS256 in S. epidermidis strains isolated from clinical samples (7, 29, 30), but Conlon et al. reported that the integration of this transposon to ica locus results in the inability
to form biofilm among S. epidermidis strains (16), which is
in contrast to these findings. This group also indicated the
higher prevalence of IS256 in community-acquired strains
compared to hospital-acquired strains. The correlation
between ica operon, biofilm formation, and presence of
IS256 in clinical strains of S. epidermidis was shown previously (7, 31, 32). These data suggest that ica, IS256, and
biofilm forming ability occur simultaneously in specific
clones and spread preferentially in hospitals and community (30).
In the present study, SCCmec type III was the dominant
type, which indicated the hospital origin of these strains.
The remaining strains harbored SCCmec type IV and they
were classified as community-acquired strains. In con-

All 351 S. epidermidis strains isolated from catheterized
patients were confirmed by PCR using specific primers.
Amongst them, 56 (16%) strains were resistant to cefoxitin
and classified as MRSE. All MRSE strains isolated from outpatients and inpatients within 72 h after hospitalization
were regarded as community-acquired MRSE (CA-MRSE).
3.2. Biofilm Formation
By qualitative Congo red agar assay, 50 (89%) MRSE
strains were found to produce black colonies and slime
layer while 6 (11%) isolates did not produce slime layer and
identified as non-biofilm strains. Moreover, out of the 56
MRSE strains, 22 (39%), 18 (32%), and 10 (18%) isolates exhibited high (OD570 ≥ 0.5), moderate (0.2 ≤ OD570 < 0.5), and
weak (OD570 < 0.2) level of biofilm formation. On the other
hand, 6 (11%) strains were not able to form biofilm (OD570 ≤
ODc).
Of the 56 MRSE strains isolated in this study, 45 (80%)
biofilm producing isolates harbored aap gene. Moreover,
icaA and icaD genes were amplified in 50 (89%) strains (Figure 1). IS256 was detected among 41 (73%) biofilm producing and non-biofilm producing MRSE strains. 17% of the
non-biofilm producing strains harbored IS256 while this
transposon was not present in 20% of the strains that were
positive for icaA and icaD genes. In addition, ica operon was
detected in 52 (93%) strains.
3.3. Typing of Isolates by Pulsed-Field Gel Electrophoresis
The results of PFGE typing revealed the presence of 32
pulsotypes (PFGE types) consisting of 16 common types
(CTs) and 16 single types (STs) (Figure 1). The diversity of
non-biofilm producing MRSE strains was limited to 5 CTs
and none of these isolates belonged to STs, whereas the
biofilm producing strains belonged to 15 CTs and 16 STs (50
isolates). CT 1 was the dominant PFGE type, constituting
of 5 (9%) isolates while 4 (7%) isolates were classified as CT
2. In this study, CTs 2 - 4 and CT 6 were common among
biofilm and non-biofilm producing isolates and none of
the biofilm producing strains were present in CT 9. IS256
was found among all strains in 6 CTs (3, 7, 10, 12-14) while
none of the strains in CTs 5 and 9 harbored this transposon.
3.4. SCCmec Typing
All 56 cefoxitin resistant strains were mecA positive,
and SCCmec types III and IV were detected in 40 (71%) and 16
(29%) MRSE isolates, respectively (Figure 1). All non-biofilm
producing strains harbored SCCmec type III and the presence of SCCmec type IV was limited to STs.
Arch Clin Infect Dis. 2018; 13(6):e61704.
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Figure 1. Characteristics of biofilm producing and non-biofilm producing MRSE strains belonging to different pulsotypes

trast, Li and colleagues found four different SCCmec types
among MRSE strains isolated from a hospital in China (30),
in which the SCCmec type III was the dominant type. These
findings are in agreement with those found by Delgado et
al. in Spain (25). This variation could be in part due to differences in the geographical regions, sites, and wards of
sampling.

4

The high-quality PFGE method revealed an extensive
genetic diversity among these bacteria. The prevalence of
clonal groups of S. epidermidis strains has been reported
in many studies worldwide (17, 25, 33-36). The PFGE results showed that CT-1 was the most represented pulsotype,
which comprised 9% of all isolates in this study. The presence of four common CTs among biofilm and non-biofilm
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producing MRSE strains further support the spread of
these clonal types in Tehran’s hospitals. Moreover, 18 (32%)
MRSE strains (CTs 1 - 5) were detected in more than one year,
indicating their alarming residence in the hospital over
time.
In conclusion, these results illustrated the diversity of
biofilm producing MRSE strains among catheterized patients in a referral hospital in Tehran, Iran. As there is no
information for molecular characteristics of MRSE strains
in Iran, we were unable to compare the results of hospital
MRSE strains with each other, and additional studies are
necessary.
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