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lL-1 and catheter-associated infection 

ABSTRACT 

In a mouse model of catheter-associated infection (CAI) we previously observed strong 

induction of abscesses by viable and non-viable S. epidermidis as well as by small amounts of 

bacterial cell wall components, around subcutaneously inserted PolyVinylPyrrolidone-grafted 

silicon elastomer (SEpvp) catheters. Around conventional silicon elastomer (SE) no abscesses 

developed. To elucidate the mechanism of the SEpvp enhanced abscess formation, we studied 

tissue cytokines and histology in relation to bacterial persistence around SEpvp and SE over 

time. We observed that around sterile SEpvp IL-Iß tissue levels increased earlier and 

remained high significantly longer than around sterile SE. In addition, around SEpvp the 

onset of a proper foreign body response, characterized by delayed foreign body giant cell 

formation and encapsulation of the catheter, was delayed. After inoculation of S. epidermidis, 

abscesses were formed around SEpvp, and not around SE. This bio-incompatibility reaction 

around subcutaneously inserted SEpvp was associated with persistence of S. epidermidis in 

tissue around SEpvp up to 60 d whereas around SE S. epidermidis disappeared after 2 d. 

Apparently, the stronger inflammatory environment around sterile SEpvp, characterized by 

higher IL-Iß levels, stronger inflammation and a delayed onset of a foreign body reactions, 

predisposed for abscess formation and persistent infection due to S. epidermidis. 

INTRODUCTION 

Before their use in humans is allowed, it must be shown that newly developed biomaterials, 

including catheters are biocompatible. Biocompatibility of a biomaterial is tested by assessing 

cytotoxicity to cultured cells and by assessing the host response to the biomaterial in animal 

studies using appropriate model systems [1,2]. Despite these strict criteria the use of 

biomaterials in humans remains associated with a variety of bio-incompatibility reactions, 

such as clotting, leaching, surface alterations, allergic reactions, shear, enhanced leukocyte 

activation and enhanced susceptibility to infection [3,4]. 

Infection of intravascular, intracranial and intraperitoneal catheters, is most frequently due to 

Staphylococcus epidermidis. It is assumed that bacterial adherence is the initial step in the 

pathogenesis of these catheter-associated infection (CAI) [5,6]. To prevent CAI novel 

catheters are being developed with modified surfaces or with coatings of (an) antimicrobial(s) 

agent(s) to reduce bacterial adherence [7-9]. A novel silicon elastomer catheter with a 

modified surface was recently introduced. We reported that in contrast to conventional silicon 

elastomer, the polyvinylpyrrolidone-grafted silicon elastomer catheter (SEpvp; Bioglide TM, 

Medtronic PS Medical, Goleta CA), in presence of low numbers of S. epidermidis, induced 
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abscesses and persistent infection in rabbits and mice [10]. Abscesses were also induced by 

non-viable bacteria and by bacterial cell wall components [10]. In absence of bacteria or 

bacterial cell wall components, however, the tissue inflammatory reaction around both 

catheters was histologically not different, two weeks after implantation. This implied that 

SEpvp, and not SE, predisposed for abscess formation in the presence of bacteria. 

Irrespective of their chemical composition biomaterials induce an inflammatory reaction [11-

14]. Exposure of human monocytes or leukocytes to biomaterials in vitro induces the 

production of various cytokines [15-19]. Therefore it has been suggested that the differences 

in cytokine inducing properties between biomaterials, including catheter materials may 

determine potential bio-incompatibility. 

In the present study we therefore sought to determine whether specific changes in local 

cytokine production and in the foreign body tissue reaction around subcutaneously inserted 

SEpvp catheters in mice are associated with abscess formation and persistent infection around 

such catheters. 

MATERIALS AND METHODS 

Animals. In total 176 female C57bl6 mice, 6-8 weeks old and weighing 15-20 g, divided into 7 groups of 24 

mice and one saline control group of 8 mice, were used. All animals were housed in individual cages, in a 

pathogen free environment and provided with sterile food and water. 

Catheter segments. Catheters of conventional silicone elastomer (SE) and polyvinylpyrrolidone-grafted silicone 

elastomer (Bioglide TM), designated as SEpvp in this study, with a diameter of 2.5 mm and a wall thickness of 

0.6 mm were obtained from Medtronic PS Medical, Goleta CA. One cm long segments of SE and SEpvp, cut 

from either catheter under aseptic conditions in a laminar flow cabinet were stored in sterile petri dishes. 

Bacterial strain. The clinical isolate Staphylococcus epidermidis strain RP62a (ATCC 35984) was used. This 

strain is capable of producing slime, determined according to Christensen et al. [20,21]. MIC values (ug/mL) of 

strain RP62a determined by standard E-test, were for rifampicin <0.016, teicoplanin 0.19, gentamicin 256, 

minocyclin O.016 and vancomycin 1.5. Antibiotic susceptibilities were used to confirm the identity of bacteria 

cultured from catheter segments and tissue homogenates. 

Preparation of the bacterial inoculum. To study the differences in the reactions around SE and SEpvp, a 

bacterial inoculum of 106 cm was used. We previously described that in mice, injection of 106 cfu along 

subcutaneously implanted SEpvp, induced macroscopic abscess formation and infection, whereas around SE 

neither abscess formation nor infection was seen [10]. Two mL of an overnight culture of strain RP62a in 

Trypticase Soy Broth (TSB; Difco, Detroit, MI) was inoculated into 100 mL TSB. After incubation at 37°C for 

5 hours, 50 mL of this culture were centrifuged at 2200 x g for 10 min, and the pelleted bacteria were washed 

twice with 50 mL pyrogen free isotonic saline. After the final centrifugation, the pellet was resuspended in 

pyrogen free isotonic saline and optical density at 620 nm was measured. The inoculum was prepared by diluting 
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the suspension with pyrogen free isotonic saline, based on an established relationship between bacterial 

concentration and optical density at 620 nm. 

Subcutaneous catheter implantation and administration of the bacterial inoculum. Mice were anesthetized with 

an FFM-mix (1 mL of hypnorm®, 1 mL of midazalam® and 2 niL of distilled water; 0.07 mL/lOg body weight), 

administered intraperitoneally, and placed in a laminar flow cabinet. The back of the mice was shaved and 

prepared with 2% (w/v) Chlorhexidine in ethanol. 

In two groups of mice SE catheter segments, and in 2 groups of mice SEpvp segments were implanted. On each 

side an incision (0.3 cm) was made 0.5 cm lateral to the spine. Subsequently, 1 cm long SE or SEpvp catheter 

segments were inserted subcutaneously. The incisions were closed with a single 0/6 vicryl stitch. Two groups of 

mice were sham operated (sham controls). 

One group of mice with implanted SE segments and one group with implanted SEpvp, received the inoculum 

delivered subcutaneously along the inserted segments, in a 0.025mL volume using a repetitive pipette (Stepper, 

model 4001-025, Tridak division, Brookfield, CT). Implant controls were groups of mice with implanted SE or 

SEpvp segments, that received a saline injection. The two sham control groups received an injection of the 

bacterial inoculum or an injection of saline in the subcutaneous wound, respectively. In addition the remaining 

group of 24 mice, which had not been subjected to surgery, received the bacterial inoculum (injection control). 

The group of 8 mice received a subcutaneous saline injection only (saline control). 

Sample collection. Mice in the saline control group were terminated and evaluated 14 days after injection. After 

1 h, 6 h, 2 d, 5 d, 14 d or 60 d four mice of each of the other groups were anaesthetised with an FFM-mix, 

administered intraperitoneally, and subsequently terminated by cardiac puncture. Terminated mice were placed 

in a laminar flow cabinet and fixed on a sterile polypropylene plate. A dorsal midline incision was made from 

the cervical to lumbal area. Subsequently the skin and subcutaneous tissue were separated from the muscle 

fascia, up to the flank on both sides. The implantation sites were inspected for purulence and standardised 

biopsies (<j> 12mm) were taken from the implantation sites using a specially developed tissue sampler. Each 

single biopsy included skin, subcutaneous tissue and inserted segment. 

The right side biopsy from each mouse was placed in 10% buffered formaldehyde (pH 7.3) for histological 

examination. From the left side biopsy, the catheter segment (if present) was separated from the tissue. Each 

catheter segment was washed twice with phosphate buffered saline (PBS; 8.1 mM Na2HP04, 1.5 mM KH2P04, 

140 mM NaCl; pH 7.2) and placed in a sterile tube containing 1 mL of PBS. Each tissue sample was placed in 

tube, weighed, and a volume of pyrogen free isotonic saline corresponding to 4 times the weight was added. The 

weight of the tissue samples varied between 125 and 160 mg. 

Histological examination. After fixation in formaldehyde, the biopsies were embedded in plastic, 

methylmethacrylaat / buthylmethacrylaat (Merck Schuchart, Hohenbrunn, Germany), sectioned, and stained with 

hematoxylin-eosin. Slides were examined for 6 histological features characteristic for tissue reactions after 

implantation of a foreign body [22]. These were (i) infiltration of inflammatory cells, polymorphonuclear (PMN) 

or mononuclear cells, (ii) presence of purulence, deposition of leukocytes with necrotic burdens, (iii) foreign 

body giant cell formation, (iv) neovascularization, (v) fibrosis, characterized by inflammatory cells, fibroblast 

and newly formed collagen and (vi) encapsulation of the foreign body. Sections were scored independently by 

three of us (JJ Boelens, JL Murk and JJ Weening), using a scale of 0 to 3, indicative for the grade of appearance 

of each feature. A feature was scored "0", when it was not observed. Consequently, a feature was scored "3" 
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when it was maximally present. At the moment of judgement none of the investigators knew which sample 

originated from which mice. The scales were based on slides previously obtained from tissue samples taken from 

subcutaneously inserted SE or SEpvp segments in mice which received bacterial inocula ranging from 0 (saline 

injection) to 1010 cfu of S. epidermidis RP62a, along the inserts [10]. 

Quantitative culture of SE and SEpvp catheter segments. The tubes containing SE and SEpvp segments in 1 mL 

PBS were sonicated for 30 sec in a waterbath sonicator (Bransonic ®, B-2200 E4, 47KHz, 205 W) to dislogde 

adherent bacteria. The number of viable S. epidermidis was assessed by quantitative culture of serial 10-fold 

dilutions of the PBS. Six aliquots of 10 uL of each dilution were spotted on a blood agar plate which was 

incubated overnight at 37°C. The remaining suspension was stored at 4°C. When no growth was observed on the 

blood agar plates, the stored suspension was centrifuged (2200 x g, 10min) and the pellet was resuspended in 

100 14.L PBS and plated on a blood agar plate. In addition, the sonicated segments were cultured in 80 mL 

thioglycolate broth consisting of 3% (w/v) thioglycolate containing 0.03% (w/v) polyanetholesulfonic acid, IM 

NaOH and 0.5% Tween 80, for 72 hours at 37°C. For statistical purposes, it was assumed that one cfu per 1 cm 

catheter segment had been present in case no growth occurred on the blood agar plates and the catheter segment 

incubated in the broth was culture-positive. The number of adherent S. epidermidis RP62a is expressed as cfu / 

catheter segment (1 cm). 

Quantitative culture of the homogenate. Tubes containing the tissue sample in pyrogen free isotonic saline were 

homogenized at 4°C with a tissue homogenizer (Tissue Tearer, model 985-370, Biospec products, Bartlesville, 

OK). After each homogenization the homogenizer was carefully cleaned, disinfected by subsequently washing in 

4% (w/v) sodium hypochloride, 70% alcohol, and rinsed with pyrogen free isotonic saline. Fifty uL of the 

homogenates was quantitatively cultured. The homogenates were serially 10-fold diluted and 6 aliquots of 10 uL 

of each dilution were spotted on a blood agar plate, which was incubated overnight at 37°C. In addition, 50 uL 

of the homogenate was cultured in 80 mL thioglycolate broth for 72 hours at 37°C. For statistical purposes it was 

assumed that one cfu per 50 uL had been present in case no growth occurred on the blood agar plates and the 

homogenate aliquot incubated in the broth was culture-positive. The number of persisting S. epidermidis RP62a 

is expressed as cfu / biopsy. 

Cytokine assays of the homogenates. The total homogenates, reduced by 100 uL for the quantitative culture, 

were diluted in 1 volume of lysis buffer [23] containing 1 % Triton X-100, 150 mM NaCl, 30 mM Tris, 2 mM 

CaCl2, 2 mM MgCl2, 0.2% aprotin and 0.2% leupeptin, pH 7.40 and incubated on ice for 1 h. Subsequently, the 

lysed homogenates were centrifuged at 130,000 x g for 15 min at 4 °C to remove cell debris. The cell-free 

supernatants were frozen at -80 °C, thawed, centrifuged at 5000 x g to remove macro-aggregates and stored in 

aliquots of 35 uL at-80 °C until use. Levels interleukin (IL)-Iß (R&D systems, Minneapolis, MN, USA) IL-6 

(Pharmingen, SanDiego, CA, USA), IL-10 (R&D systems), tumor necrosis factor (TNF)-oc (Pharmingen) and 

interferon (IFN)-y (R&D systems) were measured by commercially available ELISA-kits, and expressed as 

picograms per mL homogenate. 

Statistical analysis. All values are expressed as Mean ± Std.Error. Two sample comparisons were made by 

analysis of variance (ANOVA). Comparisons over time between cytokine levels of groups by ANOVA in a 

general linear model - general factorial. P<0.05 was considered significant. 
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RESULTS 

Inspection of the challenge sites. Mice in which SE segments had been implanted, challenged 

with S. epidermidis as well as mice in the implant control groups, sham control groups and 

injection control group showed no macroscopic abnormalities. In contrast, around SEpvp 

segments challenged with 106 cfu S. epidermidis abscesses were seen, after 2 d up to 60 d 

(figure 1). At 60 d, purulence was only present inside the SEpvp catheter segment and not 

around the insert. 

.. "-">_'%s; v ... '." ".-*.; -.'« ' •"*"-. '„'••'. Figure 1. Gross section of tissue bordering a subcutaneously 

'•' -•'-;••• '.»;.: ~.;,.**,•"..-* * '.- '1" "'"'*•* inserted SEpvp catheter segment challenged with S. 

^^"»^*VÊJè*' * r '•• '< ; . ' : . " '"'' '" epidermidis RP62a during implantation. 14 days after 

'> "**''4t 4 i * ** ' • ; •• implantation. Haematoxylin-eosin stain; magnification X 100. 

Abscess formation is indicated by asterisk (*). The 

polyvinylpyrrolidone-grafting can be seen as a thin, purple-

stained line, indicated by an open arrow. 

Culture of bacteria adherent on SE and SEpvp segments. SEpvp segments were significantly 

more often culture positive for S. epidermidis RP62a than SE segments (15 of 24 vs. 6 of 24, 

PO.05). At 1 h, 6 h and at 2 d after implantation two out of 4 SE segments were culture 

positive. All SE segments were culture negative at 5 up to 60 d. In contrast all SEpvp (12 of 

12) segments were culture positive up to 2 d, and at 5 d and 14 d, 2 of 4 and 1 of 4 SEpvp 

segment were culture positive (figure 2a). The cultured S. epidermidis had the same 

antibiogram as strain RP62a. 

Quantitative culture of the homogenates prepared from the tissue samples. At 1 h and 6 h no 

differences in colony counts were noted between the 4 groups that had received a bacterial 

inoculum. At 1 h, almost the entire inoculum of approximately 106 cfii was recovered from all 

tissue samples. At 48 h significantly more colonies were counted from tissue surrounding 

SEpvp catheter segments (17,000 ± 1,400 cfu) than from the tissue surrounding SE segments 

(1,100 ± 400 cfu; P<0.001; figure 2b), or from the tissue of the sham operated mice 

challenged with the inoculum (100 ± 80 cfu) and from mice receiving the inoculum injection 

only (10 ± 10 cfu). Although the numbers of cfu decreased at 5 d, 14 d and 60 d all tissues 

(12/12) surrounding the SEpvp segments were still culture-positive. Tissues surrounding SE, 

the sham and injection control were culture-negative at these time points. The cultured S. 

epidermidis had the same antibiogram as strain RP62a. No colonies were cultured from the 

tissue samples of mice injected with saline. Summarizing, in tissue around SEpvp S. 

epidermidis RP62a persisted up to 60 d whereas in the other groups tested S. epidermidis 

RP62a disappeared after 2 d. 
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Figure 2. A) Numbers of cfu of S. epidermidis in tissue around subcutaneously inserted SE and SEpvp 

catheter segments challenged with 106 cfu of S. epidermidis RP62a along these segments, in tissue of sham 

operated mice challenged with the same inoculum and in tissue of mice who received the inoculum injection 

only, at various time points. B) Number of adherent cfu of S. epidermidis on SE and SEpvp segments at various 

time points after inoculation. 

Inflammatory and foreign body response by histological examination. Generally, the 

implantation of a catheter results in injury, initiation of the inflammatory response (acute and 

chronic) and finally in a foreign body reaction, characterized by foreign body giant cell 

(FBGC) formation around the implant after approximately 4 d, and encapsulation after 

approximately 10 d [22]. Six features characteristic for tissue reactions following the 

implantation of a foreign body were scored independently by three authors. The mean scores 

for four of the six features at each time point are shown in figure 3. 

Infiltration (figure 3A and 4A) is indicative for an acute or chronic inflammation. In control 

mice only a slight infiltration was seen at 2 and 5 d. Histologically no difference in infiltration 

was seen between tissue around SE in the presence or the absence of S. epidermidis at any of 

the 6 time points. Maximum infiltration was seen at 5 d. Around SEpvp in the absence of S. 

epidermidis, maximal infiltration was seen at 2 d. In the presence of S. epidermidis, maximal 

infiltration was already seen at 2 d and the infiltration remained more intense until 60 d. 

Apparently, subcutaneously inserted SEpvp induced higher influx of inflammatory cells than 

SE, especially during the first weeks after insertion. Injection of S. epidermidis along 

subcutaneously inserted SEpvp induced an enhancement of influx of inflammatory cells 

compared to SEpvp challenged with saline. 

Purulence (data not shown) was seen only in tissue around SEpvp injected with 10 cfu of S. 

epidermidis at 2, 5 and 14 d. At 60 d purulence was present in the lumen of the SEpvp 

segments, only. 
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Figure 3. Scales of four of the six histological features characteristic for tissue reactions after 

implantation of a foreign body. Scale values ranges between 0 to 3, indicative for the grade of appearance of 

each feature. A) Infiltration; B) Giant Cell Formation; C) Fibrosis; and D) Encapsulation. 
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Figure 4. Mean scores of the blind examination of sections of tissue around SE and SEpvp in presence 

and absence of S. epidermidis. Each section was scored by three independent investigators for 4 of the 6 

histological features characteristic for tissue reactions after implantation of a foreign body, A) Infiltration; B) 

Giant Cell Formation; C) Fibrosis; and D) Encapsulation. 

Foreign Body Giant Cell (FBGC) formation (figures 3B and 4B) is indicative for a normal 

progression of the foreign body response. At 5 d after subcutaneous implantation of SE, 

FBGC formation was observed either in the absence or presence of S. epidermidis. In contrast, 

around SEpvp only a few FBGC were seen at 14 d both in the presence and in the absence of 

S. epidermidis. Apparently, subcutaneous implantation of SEpvp was associated with delayed 

FBGC formation irrespective of the presence of S. epidermidis. 

Fibrosis (figures 3C and 4C) is indicative for chronic inflammation. Fibrosis was not seen 

before 5 d, neither around SE nor around SEpvp. At 5 d up to 60 d, fibrosis around SEpvp 
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was found twice much as around SE, whether or not S. epidermidis was present. Thus, 

subcutaneous implantation of SEpvp induced a higher level of fibrosis than SE. 

Neovascularization (data not shown) is a second feature indicative for chronic inflammation. 

Neovascularization was not seen before 5 d, neither around SE nor around SEpvp. No 

difference in neovascularization was seen around SE and SEpvp in absence of S. epidermidis. 

Five and 14 d after challenge with S. epidermidis more neovascularization was observed 

around SEpvp than around SE. 

Encapsulation (figure 3D and 4D) of the catheter segment is indicative for the final stage of a 

normal foreign body response. Capsule formation was seen around SE in presence or absence 

of S. epidermidis at 14 d and a thicker capsule was present at 60 d. In contrast, no capsule 

formation was seen around SEpvp, in the presence or the absence of S. epidermidis, before 60 

d. Apparently, implantation of SEpvp is associated with a delayed encapsulation of the SEpvp 

catheter irrespective of the presence of S. epidermidis. 

Thus, histologically a higher influx of inflammatory cells and a delay in the onset of the 

foreign body response is observed in tissue around SEpvp, compared to tissue around SE. 

This was even more pronounced in the presence of S. epidermidis. 

Production ofTNF-a, IL-1Ç>, IL-6, IFN-y and IL-10. TNF-a (figure 5) was detectable in saline 

control mice (subcutaneous saline injection; 160 ± 59 pg/mL homogenate). In biopsies 

obtained from the sham control mice challenged with S. epidermidis or from mice receiving 

the subcutaneous injection of the inoculum only, levels were three to fivefold at lh and 6 h 

(PO.05). In absence of S. epidermidis, significantly higher TNF-a levels were measured 

along inserted SE or SEpvp segments than in tissue from sham controls and injection controls 

at 5 d. Injection of S. epidermidis along inserted SE or SEpvp segments was associated with a 

marked increase in TNF-a concentrations, with highest TNF-a levels after 1 h (1,334+522 

and 1,265±230 pg/mL for SE and SEpvp, respectively). Up to 5 d, TNF-a levels were 

significantly higher (P<0.001) around SE and SEpvp than those of the sham controls and 

injection controls groups. At 14 d and 60 d levels of TNF-a in biopsies from all groups, were 

similar to saline control levels. No significant difference between SE and SEpvp irrespective 

of the presence of S. epidermidis was found. 

IL-Iß (figure 6) was detectable in saline control mice (subcutaneous saline injection; 192 ± 70 

pg / mL homogenate). In biopsies obtained from sham control mice challenged with either S. 

epidermidis or saline, or from mice receiving the subcutaneous injection of the inoculum 

only, levels were marginally increased at 1 h and 6 h (nonsignificant). Tissue around sterile 

SE and SEpvp segments, injected with saline, had markedly increased IL-Iß concentrations 

compared to the sham controls and injection control groups. The highest IL-lß biopsy levels 

around SE and SEpvp were measured after 5 d (618+142 and 626±81 pg/mL, respectively). 
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Figure 5. A) Over time production of TNF-a in tissue surrounding the subcutaneously implanted SE 

and SEpvp catheter segments and in tissue of the control groups (sham operated mice and injection only) in 

presence or absence of S. epidermidis (sep). B) Detailed representation of over time production of TNF-a 

(Mean ± Std.Error) in tissue surrounding the subcutaneously implanted SE and SEpvp catheter segments in 

the absence and presence of S. epidermidis. 
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and SEpvp catheter segments and in tissue of the control groups (sham operated mice and injection only) in 

presence or absence op S. epidermidis (sep). B) Detailed representation of over time production of IL-lß 

(Mean + Std.Error) in tissue surrounding the subcutaneously implanted SE and SEpvp catheter segments in 

the absence and presence of S. epidermidis. Significant differences between SE and SEpvp at the individual 

time points are indicated by an asterisk (*), and significant differences between over time levels are indicated 

by an open arrow. 
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in presence or absence op 5. epidermidis (sep). B) Detailed representation of over time production of IL-6 

(Mean + Std.Error) in tissue surrounding the subcutaneously implanted SE and SEpvp catheter segments 

in the absence and presence of S. epidermidis. 
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and SEpvp catheter segments and in tissue of the control groups (sham operated mice and injection only) in 

presence or absence op S. epidermidis (sep). B) Detailed representation of over time production of IFN-y 

(Mean ± Std.Error) in tissue surrounding the subcutaneously implanted SE and SEpvp catheter segments in 

the absence and presence of 5. epidermidis. 
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Levels of IL-Iß around SE gradually decreased to saline control levels, but levels around 

SEpvp remained higher than around SE at 14 and 60 d (P<0.05). Injection of S. epidermidis 

along SE or SEpvp segments was associated with marked increase in IL-Iß concentrations, 

with the highest IL-Iß biopsy levels after 2 d, being 766+312 and 1,202±115 pg/mL, 

respectively (P=0.086). Levels of IL-lß around SE challenged with S. epidermidis gradually 

decreased to control levels, but levels around SEpvp levels remained significantly higher than 

SE upto 60 d (P=0.016). The injection of S. epidermidis along SE or SEpvp was associated 

with higher IL-lß level profiles over time (P=0.021; PO.0001, respectively) than injection of 

saline along SE or SEpvp. The injection of S. epidermidis along the subcutaneously inserted 

SEpvp segments was associated with significantly higher IL-lß levels than injection of S. 

epidermidis along the subcutaneously inserted SE segments. Apparently, the administration of 

S. epidermidis enhances the induction of IL-lß. 

IL-6 (figure 7) was detectable in saline control mice (subcutaneous saline injection; 87±58 

pg/mL homogenate). In biopsies obtained from sham control mice, challenged with either S. 

epidermidis or injected with saline, or from mice receiving the subcutaneous injection of the 

inoculum only, IL-6 levels were marginally increased at 1 h and 6 h (nonsignificant). 

Injection of either S. epidermidis or saline along SE or SEpvp segments was associated with 

significantly higher over time IL-6 concentrations than observed in the sham controls and 

injection groups (PO.05). The highest IL-6 biopsy levels around SE and SEpvp were 

measured after 5 d (564±275 and 676+202 pg/mL, respectively). No significant difference 

was found in IL-6 induction between subcutaneously inserted SE and SEpvp segments either 

in presence or absence of S. epidermidis. Apparently, implantation of a catheter (SE or 

SEpvp) is associated with local production of IL-6, but the levels were independent of the 

presence of bacteria or of the catheter-type. 

IFN-y (figure 8) was detectable in saline control (subcutaneous saline injection) mice (406 ± 

230 pg/mL homogenate). In biopsies obtained from all groups, levels were higher than saline 

control levels at lh and 6 h (P<0.05). At 2 d IFN-y levels were similar to saline control levels 

in all groups. At 5 d, in mice with SE or SEpvp segments, IFN-y concentrations were again 

significantly higher in comparison to those of the sham controls and injection control groups 

(PO.05), irrespective of the injection of S. epidermidis. No significant difference in IFN-y 

induction between subcutaneously inserted SE and SEpvp segments either in presence or 

absence of S. epidermidis was measured at any time point. Apparently, implantation of a 

catheter (SE or SEpvp) induces local production of IFN-y, but the level of induction is not 

related to the presence of bacteria or to the catheter-type. 

IL-10 (data not shown) was detectable in saline control (subcutaneous saline injection) mice 

(36 ± 36 pg/mL homogenate). Between the biopsies obtained from all groups no significant 

differences in IL-10 induction were observed, neither in presence nor absence of S. 

epidermidis. 
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DISCUSSION 

In the present study, we used SE and SEpvp as model biomaterials to investigate specific 

changes in tissue parameters, that might predispose for abscess formation and infection 

around SEpvp. Subcutaneous implantation of a sterile SEpvp catheter segment was associated 

with IL-Iß tissue levels that increased earlier and remained high significantly longer than 

around sterile SE. In addition the onset of a foreign body reaction was delayed. Injection of S. 

epidermidis along the subcutaneously implanted SEpvp segments was associated with a more 

pronounced and protracted tissue IL-Iß production, abscess formation and persistence of S. 

epidermidis in tissue around SEpvp up to 60 d. The earlier IL-Iß production and delayed 

onset of the foreign body reaction around sterile SEpvp could be predisposing factors for the 

induction of abscesses and persistent infection around such catheters. 

No difference in the host response around sterile SE and SEpvp catheter segments was 

observed 2 months after implantation. At earlier time points, however, differences were 

present, characterized by stronger inflammation, delayed onset of FBGC formation and 

delayed onset of encapsulation after SEpvp implantation. Subcutaneous introduction of S. 

epidermidis along SE and SEpvp segments during implantation was associated with even 

more pronounced differences between SE and SEpvp. Injection of S. epidermidis along SE 

did not affect the host response, while around SEpvp segments a stronger and prolonged 

inflammation, associated with purulence, was seen. Apparently, the stronger inflammatory 

reaction around sterile SEpvp, predisposes for abscess formation and persistent infection of S. 

epidermidis. These histological differences are associated with sustained IL-Iß levels around 

SEpvp. 

Enhancement of the inflammatory response in presence of bacteria is probably not restricted 

to SEpvp. Exposure of human monocytes or PMNs to biomaterials in vitro induced the 

production of the pro-inflammatory cytokines interleukin (IL)-Iß, tumor necrosis factor 

(TNF)-ot and IL-6 [16,17,19,24]. Differences in inducing properties between various 

biomaterials became apparent only in presence of lipopolysaccharide (LPS), a major cell wall 

component of gram negative bacteria [16,17,19,24]. This implies that, in a material dependent 

way, the combined presence of an implanted biomaterial and bacteria or bacterial components 

can modulate the inflammatory tissue reaction. 

Implantation of sterile SE or SEpvp catheter segments induced a bimodal production of TNF-

a, IL-6 and IFN-y. The first peak could well be caused by the operation itself, since in 

biopsies of sham operated mice this peak, although lower, was observed as well. The second 

peak at five days was not seen in sham control and injection control animals and should 
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therefore be attributed to the reaction to the implanted catheters. Administration of S. 

epidermidis along SE and SEpvp induced higher over time TNF-oc and IFN-y levels than the 

corresponding implant controls, but no differences between SE and SEpvp were found. In 

contrast, IL-Iß production around sterile SEpvp increased earlier, and levels remained 

elevated for a longer period than around SE, as judged from the recorded values at 2 d and 14 

d, respectively. Differences in IL-Iß production were more pronounced after injection of S. 

epidermidis along the implanted catheter segments, resulting in significantly higher local IL-

lß production over time than around SE challenged with S. epidermidis. This protracted 

increased IL-lß production in presence of S. epidermidis was associated with abscess 

formation and persistent infection around SEpvp. The earlier IL-lß production around sterile 

SEpvp could be a predisposing factor in the induction of abscess formation and persistent 

infection around such catheters. The putative role of IL-lß in abscess formation and the 

induced persistent infection could be tested using IL-lß-deficient mice or in IL-1 Receptor 

Type I deficient mice. 

S. epidermidis persisted around subcutaneously inserted SEpvp up to 60 d. It is difficult to 

interpret the role of persistence of bacteria in the observed abscess formation, because non

viable bacteria also induced such abscesses [10]. We did not include inoculation with non

viable bacteria along implanted catheter segments in our present study. Persistence of bacteria 

can be dangerous, because it can result in clinical signs of late onset infection. Ten out of the 

12 SEpvp catheter segments were culture negative from 5 up to 60 d whereas the tissue 

surrounding the segments were culture positive. It is unclear what the niche is in which the 

bacteria persisted. The bacteria could reside in the purulent exudate, extracellularly in the 

subcutaneous tissue or intracellularly in phagocytes or other cell types. The number of S. 

epidermidis cultured from the tissue did not increase over time. This could indicate an 

equilibrium between microbial persistence and the immune response. When the balance is 

tipped in favor of the pathogen at a later time point bacterial persistence can cause disease. 

That alterations in the host defense in the vicinity of implanted catheters play a role in the 

pathogenesis has been suggested before [12-14,25]. The niche of bacterial persisting in tissue 

surrounding catheters like SEpvp, should therefore be investigated. 

Our experiments showed that 2 months after implantation no differences in histology and 

cytokine production due to SE and SEpvp implants were observed. At earlier time points 

differences were clearly present, and were even more pronounced in presence of S. 

epidermidis. Evaluation of novel biomaterials should therefore also take place in this period, 

and not only after several months as performed in the current biocompatibility testing 

protocols. Biomaterials like SEpvp, which can be regarded as biocompatible in the absence of 

bacteria, can enhance the inflammatory reaction in presence of bacteria or bacterial cell wall 
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components, resulting in abscess formation and associated persistent infection up to 60 d. 

These results support our suggestion that biocompatibility testing should include experiments 

in which the effect of bacteria and / or bacterial cell wall components on the inflammatory 

tissue reaction is tested [10]. A model should be developed in which parameters, like IL-Iß 

and delayed foreign body reaction in this study, should be sought which are predictive for bio-

incompatibility reactions. Such a model can also be useful in the development of novel 

biomaterials with low tissue reactivity. 
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