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Abstract Joint replacement surgery has improved the
quality of life for hundreds of thousands of patients.
However, the infection of a joint implant is an important
and serious complication, though the prevalence is low.
Staphylococcus epidermidis is the most important pathogen
involved in foreign-body infections. S. epidermidis is also a
commensal that comprises a substantial part of the normal
skin flora of humans. The possibility to demonstrate
potential specific virulence markers may facilitate the
interpretation of the bacteriological findings, as well as
the clinical decision. The prevalence of the ica locus and
insertion sequence IS256 by using polymerase chain
reaction (PCR) among 32 clinical S. epidermidis isolates
from prosthetic joint infections (PJIs) and 24 commensal
isolates from nares and skin was investigated. Sixteen
(50%) of the 32 PJI isolates harbored the ica operon
compared with one-third of the commensal isolates
obtained from the samples of the skin and nares of healthy
individuals. The IS256 was demonstrated in 26 (81%) out

of 32 PJI isolates. By contrast, IS256 was found in one of
24 commensal isolates. In conclusion, IS256 may be
superior to the ica operon as a marker of the invasive
capacity of S. epidermidis, since it was found in most of the
PJI isolates, but rarely among commensals.

Introduction

Staphylococcus epidermidis is a natural constituent of the
human skin and mucosal surfaces. With the expanding use
of implanted catheters and prosthetic devices, S. epidermi-
dis has emerged as an important nosocomial pathogen.
Joint replacement surgery, one of the major medical
progresses made during the 20th century, has improved
the quality of life for hundreds of thousands of patients.
However, the infection of a joint implant is an important
and serious complication, though the prevalence is low.
Nevertheless, the recovery of S. epidermidis from cultures
may be difficult to interpret. The possibility to discriminate
between invasive and commensal S. epidermidis isolates
would facilitate clinical decision making.

S. epidermidis has the ability to produce biofilm and it
has been proposed that this characteristic is the most
important pathogenic factor of foreign-body infections
caused by S. epidermidis [1]. Biofilm formation in S.
epidermidis occurs in two essential steps; initial adherence
to the implanted surface is followed by an accumulation
process and the production of extracellular polysaccharide
substances, such as polysaccharide intercellular adhesion
(PIA) [2]. The production of PIA is mediated by the
intercellular adhesion (ica) locus comprising four ica genes
(icaA, icaB, icaC, and icaD) and a regulatory gene (icaR)
[3–5]. Potential virulence-associated genes, such as
icaADBC, aap, altE, bhp, fbe, embp, and mecA, and the
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phenotypic biofilm formation have been investigated to
identify pathogenic S. epidermidis strains [6, 7].

The genotypic and phenotypic variability/heterogeneity
of clinical S. epidermidis isolates is assumed to hold the
advantage of being able to adapt to the changing environ-
ment. Genetic factors that may contribute to this develop-
ment of phase variations, mutations, and chromosomal
rearrangements could be mediated by insertion sequence
(IS) elements. Of these, IS256 is a mobile genetic element
that often resides in multiple copies on the S. epidermidis
chromosome [8]. IS256 may express an important virulence
factor, probably a transposase, but the mode of action of
this transposase has not been elucidated [9]. In addition,
IS256 can influence the ica gene expression of biofilm-
forming S. epidermidis to undergo a phase variation process
to a biofilm-negative phenotype [9]. It has been hypothe-
sized that IS256 may affect the expression of genes
associated with pathogenicity, and that multiple copies of
IS256 make the genome of S. epidermidis more flexible and
adaptable to various environments [6]. Therefore, IS256
seems to be a virulence-associated gene connected to
invasive strains [6, 8].

In this study, we investigated 32 clinical S. epidermidis
isolates from prosthetic joint infections (PJIs) and 24
commensal isolates from nares and skin. The aim was to
determine the prevalence of the ica locus and IS256 as
potential virulence markers among S. epidermidis isolated
from PJIs.

Materials and methods

Bacterial isolates

Thirty-two S. epidermidis isolates obtained from patients
with PJIs were analyzed. Eleven isolates were collected
from 11 patients during revision operations for prosthetic
hip joint infections, with extraction or exchange of the
prosthetic device, treated at Linköping University Hospital
from 1993 to 2003. A further 21 S. epidermidis isolates
were collected from patients with infected hip (n=13), knee
(n=7), and elbow joint (n=1) prostheses treated at Örebro
University Hospital from 2000 to 2005. During the revision
operations, multiple tissue biopsies, usually comprising five
or more samples, were taken, most of which displayed
growth of S. epidermidis in ≥3 of the samples. In two cases,
growth was present in one of three samples and in two of
five samples, respectively, but an obvious perioperative
clinical infection was present in both cases.

The tissue samples were immediately placed in thiogly-
collate broth (thioglycollate medium 3.0% w/v; BBL, Sparks,
MD, USA) and cultured at 37°C for either 5 days under
aerobic conditions or for 10 days under anaerobic conditions

or were cultured aerobically and anaerobically for at least
5 days on blood agar plates (Columbia II Agar 4.25% w/v;
horse blood, defibrinized, 6% v/v; SVA, Uppsala, Sweden), as
well as in enrichment broth (fastidious anaerobe broth 29.7%
w/v; Lab M, Lancashire, UK; D+ glucose 10.0% w/v; J.T.
Baker, Deventer, Holland) for 7 days.

S. epidermidis representing commensal isolates was
isolated from the anterior nares (n=12) of healthy individ-
uals without any association to health care and the skin of
the wrists (n=12) of healthy individuals (employees at the
laboratory).

The isolates were identified by routine methods and
characterized to the species level using ID32Staph®
(bioMérieux, Marcy l’Etoile, France) and verified by rpoB
sequencing [10].

The isolates were stored at −70°C in glycerol storage
broth [11] or in preservation medium (yeast extract; Difco
Laboratories, Sparks, MD, USA; and horse serum added to
trypticase soy broth [TSB]; BBL, Sparks, MD, USA)
pending further analysis. The isolates were aerobically
subcultured on blood agar plates overnight at 37°C.

Detection of the ica gene complex and IS256 by PCR

Genomic DNA was extracted from cultures grown on blood
agar plates by suspending five or six colonies in 100 μL of
sterile water and subjecting them to lysis at 98°C for 15 min.
The DNA samples were centrifuged at 420 × g for 5 min at
4°C and the supernatant was used for polymerase chain
reaction (PCR). The concentration of DNA in the supernatant
was determined using the dsDNA-binding fluorochrome
PicoGreen (PicoGreen dsDNA Quantitation Kit; Molecular
Probes, Leiden, the Netherlands). Measurements were
recorded using a fluorescence reader (FLUOstar OPTIMA,
BMG Lab Technologies, Offenburg, Germany).

The presence of the genes icaADB, icaC, icaD, and
IS256, respectively, were determined using primers previ-
ously reported [6, 9, 12, 13] in all samples. PCR analysis
was performed using Eppendorf’s MasterCycle PCR®
(Eppendorf, Hamburg, Germany) and reagent mixtures
(Roche Diagnostics, Mannheim, Germany) according to
the manufacturer’s protocol. Sterile water was used as the
negative control and S. epidermidis RP62A (ATCC 35984)
as the positive control. See Table 1 for the detailed primer
sequences and PCR conditions.

Sequencing the PCR product

The PCR products were verified and sequenced by an ABI
PRISM BigDye Terminator, version 1.1, Ready Reaction
Cycle Sequencing Kit (Applied Biosystems, Stockholm,
Sweden), and a Gene-Amp PCR System 2700 (Applied
Biosystems), using the same primers as for the PCR. Before
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sequencing, the products were purified with a High Pure PCR
Product Purification Kit (Roche Diagnostics, Mannheim,
Germany). Both strands were sequenced. Cycle sequencing
was performed by 25 cycles consisting of 96°C denaturation
for 10 min, annealing for 5 s at each primer’s annealing
temperature, 60°C of extension for 4 min, and then cooling
at +4°C. Reaction products were purified using a Qiagen
DyeEx 2.0 Spin kit (VWR International, Stockholm, Sweden)
and then separated on an ABI PRISM 310 Genetic Analyzer
(Applied Biosystems). The nucleotide sequences were ana-
lyzed using ABI PRISM Auto Assembler DNA Sequence
Assembly 1.4.0 software, and were then compared with the
BLAST database at NCBI. The S. epidermidis RP62A
yielded a 516 bp amplification product for icaADB, a
282 bp product for icaD (GenBank accession number
U43366), a 534 bp product for icaC (AY138959.1), and a
657 bp product for IS256 (CP000029.1), and the sequences
of these amplicons were identical at the levels of 100%,
100%, 97%, and 98%, respectively.

Determination of biofilm production by microtiter plate
assay

Quantitative determination of biofilm production was
performed using a microtiter plate (MTP) assay, as
previously described [14, 15], with some modifications. In
brief, S. epidermidis (five to ten colonies) isolates were
inoculated in 4 mL of TSB (Trypticase Soy Broth Agar II,
4% w/v; BBL, Becton Dickinson, Sparks, MD, USA)
supplemented with 0.25% glucose, and incubated overnight
with shaking (30 rpm, orbital shaker; IKA-Werke, Staufen,
Germany) at 37°C. This broth was then diluted 1:100 in
TSB with 0.25% glucose, and 200 μL of this solution was
incubated in 96-well plates overnight at 37°C. The plates
were carefully washed four times with sterile phosphate-
buffered saline (PBS) and air-dried before being stained
with 200 μL of 0.1% safranin stain (Sigma, Stockholm,

Sweden) for 30 s. The wells were washed four times with
200 μL PBS. The optical density of the adherent biofilm
was determined at 490 nm, using an MTP reader (Multiscan
MS, version 4.0; Labsystems, Helsinki, Finland). Each
plate contained S. epidermidis RP62A (ATCC 35984) as a
positive control. Pure TSB with 0.25% glucose was used as
the negative control (background absorbance). The absor-
bance was taken to be the optical density for the isolate,
minus the mean of the background control values for the
same plate. Each isolate was tested in triplicate. The cut-off
was set as the mean optical density of a mock-treated MTP,
i.e., the background absorbance ± 3 standard deviations.

Determination of biofilm production by Congo red agar
method

The isolates were cultured on Congo red agar (CRA) plates
according to Freeman et al. [16], i.e., using brain heart
infusion broth (Oxoid Ltd., Basingstoke, England) 37 g/L,
sucrose 50 g/L, Agar No. 1 (BDH Ltd, Poole, England)
10 g/L, and Congo red (Merck KgaA, Darmstadt, Germany)
0.8 g/L. The plates were incubated aerobically for 24 h at
37°C and, subsequently, overnight at room temperature. The
results regarding biofilm production were determined as
positive (+) if the colonies appeared black, indeterminate
(+/−) if they had a dark color, and negative (−) if they
were red or pink. S. epidermidis RP62A was used as the
positive control. The assessment was carried out blinded.

Results and discussion

The finding of S. epidermidis in tissue samples from
foreign-body infections, such as PJIs, raises the question
of how to differentiate isolates that cause infection from
contaminating commensals. The possibility to demonstrate
potential specific genetic markers for the invasiveness or

Table 1 ica locus and IS256 primer sequences, product size, and polymerase chain reaction (PCR) conditions

Target gene Primer DNA sequence (5′–3′) Amplicon
size (bp)

Accession Reference PCR condition

icaADB Forward 5′-ttatcaatgccgcagttgtc-3′ 546 Sigma-Genosys, The
Woodlands, TX, USA

[12] 30 s 94°C, 1 min 60°C,
1 min 72°C, 35 cyclesReverse 5′-gtttaacgcgagtgcgctat-3′

icaD Forward 5′-AGGCAATATCCAACGGTAA-3′ 371 Invitrogen Life Technologies,
Paisley, UK

[13] 30 s 94°C, 1 min 59°C,
2.5 min 72°C, 30 cyclesReverse 5′-GTCACGACCTTTCTTATATT-3′

icaC Forward 5′-ATAAACTTGAATTAGTGTATT-3′ 989 Scandinavian gen Synthesis
AB, Köping, Sweden

[9] 30 s 94°C, 1 min 49°C,
1.5 min 72°C, 30 cyclesReverse 5′-ATATATAAAACTCTCTTAACA-3′

IS256 Forward 5′-AGTCCTTTTACGGTACAATG-3′ 762 Scandinavian gen Synthesis
AB, Köping, Sweden

[6] 30 s 94°C, 1 min 57°C,
1 min 72°C, 25 cyclesReverse 5′-TGTGCGCATCAGAAATAACG-3′

Long-range
PCR ica

icaADB forward 5′-ttatcaatgccgcagttgtc-3′ 2208 30 s 94°C, 1 min 50°C,
2,5 min 72°C, 30 cyclesicaC Reverse 5′-

ATATATAAAACTCTCTTAACA-3′
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virulence of S. epidermidis would probably facilitate the
interpretation of the bacteriological findings, as well as the
clinical decision.

Sixteen (50%) of the 32 S. epidermidis isolates obtained
from patients with PJIs carried the ica operon. The ica
operon was also found in 33% of the commensal isolates
obtained from the samples of the skin and nares of healthy
individuals, but the difference compared with PJI isolates
was not significant (P>0.05; Fisher’s exact test) (Table 2).
In addition, there was complete congruence regarding the
presence of the various ica genes, icaADB, icaC, and icaD,
among the isolates that carried the ica operon.

By contrast, Galdbart et al. [17] found that the ica
operon was present in 44 out of 54 isolates (81.5%),
causing PJI in 14 subjects, compared with four out of 23
skin-flora strains (17.4%) from healthy individuals. In that
study, S. epidermidis isolates from 12 out of 14 PJI patients
were found to be ica-positive. However, our findings are in
agreement with previous studies of prosthesis-associated
infections [3, 18], and it has been concluded that the ica
operon is not a useful diagnostic marker for PJIs [18].

Additional studies analyzing S. epidermidis isolates
originating from sources other than PJIs, such as catheter-
related infections, have reported diverging results, with a
prevalence of the ica operon ranging from 45% to 81.5%
[6, 12, 19, 20]. Also, contradictory results regarding the
prevalence of the ica operon among S. epidermidis isolates
from catheter-related bloodstream infections and skin
isolates have been reported [13, 21]. It has been concluded
that genetic markers such as the ica operon do not
distinguish invasive strains from blood culture contami-
nants [22], since they are probably recruited from the same
genetic background of strains prevalent in the hospital
environment.

Biofilm production, demonstrated by the MTP assay,
was found in 47% of the PJI isolates. Thirteen isolates
that were ica-positive had produced biofilm, while three
ica-positive isolates had not. In addition, two isolates
were found to be biofilm-positive, but no ica genes could

be detected by PCR. Among the commensals, seven
isolates were found to be congruent regarding the presence
of ica genes and biofilm production. One additional isolate
was ica-positive but did not produce biofilm, and three
isolates did produce biofilm, but no ica genes could be
detected.

The CRA plate method, interpreted as +, +/−, or −,
demonstrated seven PJI isolates that were positive (+) and
also ica-positive, six that were undetermined (+/−) regard-
ing CRA but ica-positive, and three that were negative (−)
on CRA but carried the ica genes. Positive and undeter-
mined results on CRA were also found in five and two ica-
negative isolates, respectively. Among commensals, five
out of eight ica-positive isolates were CRA-positive, two
were +/−, and one was negative. In addition, one isolate
was interpreted as +/−, despite the lack of ica genes. No
statistically significant differences were found.

Consequently, a comparison of the results of the MTP
assay and the CRA method for the presence of the ica
operon and the phenotypic determination of biofilm
production showed some discrepancies. Incongruence be-
tween the presence of the ica operon genes and the biofilm
production has previously been reported [23, 24–26]. In
addition, biofilm production, independently of the presence
of the ica operon, has been reported for both S. aureus and
S. epidermidis, as has the possibility that genes other than
the ica operon may encode additional biofilm components
[27–29]. However, the interpretation of the results of the
CRA method is subjective and is not straightforwardly
standardized.

Biofilm formation has been recognized as a major
virulence determinant in S. epidermidis infections, and
especially regarding foreign body infections [9]. However,
despite the lack of the ica operon and/or the absence of
phenotypic biofilm production, these S. epidermidis isolates
are capable of producing serious and difficult-to-treat PJIs,
necessitating revision and exchange operations.

In a recent study [19], a high prevalence of the ica locus
was found among S. epidermidis isolated from infections of

Table 2 Presence of the genes encoding the ica operon and IS256, as
demonstrated by PCR, and the production of biofilm, as demonstrated
by the microtiter plate (MTP) assay and Congo red agar (CRA) plate

method, in Staphylococcus epidermidis isolates (n=32) obtained
from patients with prosthetic joint infections (PJIs) and in commensals
(n=24) from the skin of the wrists and nares of healthy controls

Samples ica operon-positive no. (%) IS256- positive no. (%) Biofilm no. (%)

MTP assay CRA plate method

+ +/− −

PJI (n=32) 16 (50%) 26 (81%) 15 (47%) 9 (28%) 9 (28%) 14 (44%)
Commensals (n=24) 4 (33%) 1 (4%) 10 (42%) 5 (21%) 3 (12%) 16 (67%)
Commensals (skin) (n=12) 4 (33%) 1 (8%) 4 (33%) 2 (17%) 2 (17%) 8 (66%)
Commensals (nares) (n=12) 4 (33%) 0 6 (50%) 3 (25%) 1 (8%) 8 (67%)
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implanted devices, but there was a much lower prevalence of
both the production of PIA and the formation of biofilm.
This discrepancy could, in part, be explained by the presence
of an insertion of IS256 within the ica operon [9].

Phenotypic variation in biofilm production may be
caused by different mechanisms, such as the insertion and
excision of the insertion element IS256 [9], down-regula-
tion of ica transcript levels, or random mutation within the
ica operon in IS256-negative S. epidermidis [30]. The
presence of IS256 may play a role in the flexibility of the
genome of S. epidermidis [3, 6, 8].

In our study, the insertion sequence IS256, determined
by PCR, was demonstrated in the majority of PJI isolates
(81%) (Table 2) and a statistically significant difference
compared with the commensals was found (P<0.0001).
Fifty-eight percent (15/26) of the PJI isolates that carried
IS256 were also found to harbor the ica operon, i.e., the
concordance between the presence of the ica operon and
that of IS256 was 94% (15/16) (Table 2).

By contrast, IS256 was found in one of 24 commensal
isolates.

A long-range PCR was also performed, using the
icaADB forward primer and the icaC reverse primer,
resulting in a product of ca. 2,000 kb (BLAST accession
number CP000029.1 position 2335352 to 2337579,
corresponding to 2208 bp). No difference in amplicon size
was found between ica-positive isolates with and ica-
positive isolates without detected IS256 elements, indicat-
ing that the IS256 that was prevalent among PJI isolates
was not found to be inserted within the ica locus.

The prevalence of IS256 among S. epidermidis obtained
from prosthesis-associated infections has previously been
reported to be 41% [3]. However, a higher prevalence has
been reported in studies of catheter-related infections [6,
20]. In addition, S. epidermidis isolated from blood cultures
in general [8], from bone marrow transplant patients [7],
and from very-low-birth-weight neonates [22] carried IS256
in 87%, 94%, and 67% of cases, respectively. In these
studies, 4%, 0%, and 0% of the commensal strains were
IS256-positive, respectively.

IS256 has been shown to be inserted into the ica operon,
and, thereby, turn a biofilm-forming S. epidermidis into a
PIA-negative phase variant [9]. The insertion of an IS256
element into the ica operon would affect the amplicon size of
the ica long-range PCR product. We could not detect any
difference in the size of the long-range PCR product in any
of the ica-positive strains. This is in agreement with previous
studies investigating clinical S. epidermidis isolates [3, 20,
22, 30], none of which were able to demonstrate the
insertion of IS256 into the ica operon. The mechanism for
switching on/off the biofilm production seems not to be
regulated by the insertion/excision of IS256 in the ica operon
[3]. In our isolates, IS256 was inserted somewhere in the

genome, except in the ica complex, and seemed to be a
characteristic of pathogenic S. epidermidis strains. Generally,
point mutations, mobile genetic elements, gene transfer, and
recombination are mechanisms that generate genotypic and
phenotypic variants. S. epidermidis is a common pathogen
established in the hospital environment [8], and invasive
strains seem to display a complex interplay between biofilm
formation, virulence-associated genes, insertion elements,
and antibiotic resistance.

In conclusion, 50% of the investigated S. epidermidis
isolates lacked the ica operon, but they were still able to
generate prosthetic device infections. Insertion sequence
IS256 may be superior to the ica operon as a marker of the
invasive capacity of S. epidermidis since it was found in
most of the PJI isolates, but rarely among commensals. The
reason for the high prevalence of IS256 is not fully
understood and needs to be further investigated.
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