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Catheter-induced abscess formation 

ABSTRACT 

The use of catheters is often complicated by infection, mainly due to Staphylococcus 

epidermidis. Recently, a novel polyvinylpyrrolidone-grafted silicon elastomer catheter 

(SEpvp) was introduced. In vitro less bacteria adhered to SEpvp than to conventional silicon 

elastomer catheters (SE). The frequency of S. epidermidis infection associated with SEpvp 

and SE was assessed in a rabbit model. Unexpectedly, injection of low numbers of S. 

epidermidis along subcutaneously inserted SEpvp induced abscesses. No abscesses were seen 

around SE, even when very high numbers of S. epidermidis were injected. This bio-

incompatibility reaction observed around SEpvp was host independent, bacterial strain 

independent and independent of the way of inoculation. Abscesses were also induced by non

viable S. epidermidis and by bacterial cell wall components. As these incompatibility 

reactions were not observed in absence of bacteria, biocompatibility testing should include 

experiments in which the inflammatory effects of the combination of catheter and (non-) 

viable bacteria are tested. 

INTRODUCTION 

The use of catheters for intravascular, intracranial and intraperitoneal applications has become 

a common procedure over the last four decades. More than 50% of all hospitalized patients 

receive a catheter. Catheterization using an initially sterile catheter may however quickly be 

complicated by infection. 

The majority, 40 to 75%, of catheter-associated infections (CAI) are caused by the relatively 

avirulent coagulase-negative staphylococci, especially Staphylococcus epidermidis. It is 

assumed that bacterial adherence is the initial step in the pathogenesis of CAI [1,2]. To 

prevent CAI novel catheters are being developed with modified surfaces or with coatings of 

(an) antimicrobial(s) to reduce bacterial adherence [3-6]. Recently, a novel catheter of silicon 

elastomer grafted with a polyvinylpyrrolidone hydrogel, designated as SEpvp in this study, 

was introduced (Bioglide TM, Medtronic PS Medical, Goleta CA, USA.). This SEpvp tubing 

is used for manufacturing intravascular catheters and cerebrospinal fluid shunts. We observed 

that the adherence of S. epidermidis on SEpvp in vitro was significantly lower than on 

conventional silicon elastomer catheters (SE) [7]. In addition, SEpvp soaked in antibiotic 

solutions had antibacterial activity for longer periods than the conventional silicon elastomer 

(SE) soaked in the same antibiotic solutions [7]. To evaluate whether the susceptibility of SE 

and SEpvp catheters to infection also differed, we assessed the frequency of S. epidermidis 

infection associated with subcutaneously inserted SE and SEpvp in a rabbit model. 
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Unexpectedly, injection of a bacterial inoculum containing low numbers of S. epidermidis 

along subcutaneously inserted SEpvp segments induced abscesses. As this unexpected 

incompatibility might have general implications for biocompatibility testing, we further 

assessed the combined effect of catheter materials and bacteria or bacterial components in 

different animal studies. 

MATERIAL AND METHODS 

Animals. Female New Zealand white rabbits, 2-3 months old and weighing 2500 - 3000 g, and female specified 

pathogen-free C57bl6 mice, 6-8 weeks old and weighing 15-20 g were used. All animals were housed in 

individual cages, in a pathogen free environment and provided with sterile food and water. 

Catheters. 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, USA. One and five cm long SE and SEpvp 

segments were cut under aseptic conditions in a laminar flow cabinet, and stored in sterile petri dishes until use. 

Bacteria. Two isolates from patients with CAI, Staphylococcus epidermidis RP62a (ATCC 35984) and S. 

epidermidis AMC3, were used. Both isolates were capable of producing slime, as determined according to 

Christensen et al.[8,9], MIC values (ug/mL) of strain RP62a determined by standard E-test were for rifampicin 

<0.016, teicoplanin 0.19, gentamicin 256, minocyclin <0.016 and vancomycin 1.5. MIC values (ug/mL) of 

strain AMC 3 were for rifampicin 0.016, teicoplanin 0.125, gentamicin 0.032, minocyclin 0.032, flucloxacillin 

0.38 and vancomycin 0.75. Antibiotic susceptibilities were used to confirm the identity of colonies cultured from 

catheter segment and tissue homogenates (see below). 

Inoculum. Two ml of an overnight culture of strain RP62a or AMC3 in Trypticase Soy Broth (TSB; Difco, 

Detroit, MI, USA), were inoculated into 100 mL TSB. After incubation for 5 h at 37°C, 50 mL of the culture was 

centrifuged at 2200 x g for 10 min. The pelleted bacteria were washed twice with 50 mL endotoxin-free sterile 

isotonic saline. After the final centrifugation, the pellet was resuspended in endotoxin-free sterile isotonic saline 

and optical density at 620 nm was measured. The suspension was diluted with endotoxin-free isotonic saline, 

based on an established relationship between bacterial concentration and optical density at 620 nm. In rabbits 

inocula of lOOuL containing 10, 102, 103, 104, 105, 106, 107, 108 and 10' cm of S. epidermidis RP62a were used. 

In mice inocula of 25 uL containing 102, 10", 106, 108 and 10'° cfu of S. epidermidis strain RP62a and of strain 

AMC3 were used. 

Heat-killed bacteria. A bacterial suspension containing 10'° cfu/mL of S. epidermidis RP62a prepared as 

described above was placed in a waterbath of 80°C for 30 min to kill the bacteria. One hunderd uL of this 

suspension was surface plated to verify killing of the bacteria. The suspension was 10-fold serially diluted in 

endotoxin-free sterile isotonic saline. Heat-killed 5. epidermidis RP62a doses equivalent to 103, 106 and 109 cfu 

were tested in rabbits. 

Peptidoglycan (PG) andLipopolysaccharide (LPS). Lyophilized PG prepared from S. epidermidis strain 354 

according to the method of Peterson [10], containing less than 2 pg of endotoxin [11-13], was a generous gift of 

dr A. Fleer, Utrecht Medical Center, the Netherlands. Four hundred ug of PG was suspended in 1 mL endotoxin-

free sterile isotonic saline, sonicated on ice three times at 30,000 Hz for 10 s (sonifier B12; Branson, Danbury, 
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Conn.), and stored at -20°C. Before use, aliquots of this stock suspension were sonicated again as described 

above and serially 10-fold diluted in endotoxin-free sterile isotonic saline. 

LPS from E. coli strain 0111:B4 (Sigma, St. Louis, MO, USA) was dissolved in endotoxin-free sterile isotonic 

saline (2 mg/mL), sonicated on ice as described for PG, and serially 10-fold diluted. Ten, 0.1 and 0.001 ug PG or 

LPS were tested in mice. 

Catheter implantation. Rabbits were anesthetized with 1 mL of a combination of ketamine (80 mg/mL) and 

xylazine (20 mg/mL) administered intramuscularly. Surgery was performed in a laminar flow cabinet. The back 

of the rabbits was shaved and prepared with 2% Chlorhexidine. On the right and left side 5 incisions were made 2 

cm lateral to the spine. Subsequently, 5 SE and 5 SEpvp catheter segments with a length of 5 cm were 

subcutaneously inserted in the right and left side incisions, respectively. For this purpose a segment-injector was 

developed which allowed accurate insertion without unnecessary tissue damage. The proximal end of the 

catheters was secured subcutaneously and the incisions were closed with a single 0/4 vicryl stitch. 

Mice were anesthetized with an FFM-mix (1 mL of hypnorm®, 1 mL of midazalam® and 2 mL distilled water; 

0.07 mL/lOg body weight) administered intraperitoneally. Surgery was performed in a laminar flow cabinet. The 

back of the mice was shaved and prepared with 2% Chlorhexidine. On each side an incision of 0.3 cm was made 

0.5 cm lateral to the spine. Subsequently one SE and one SEpvp catheter segment with a length of 1 cm were 

inserted subcutaneously in the left and right side incision, respectively, using a segment injector. The incisions 

were closed with a single 0/6 vicryl stitch. 

Challenge with viable or heat-killed S. epidermidis or with PG or LPS preparation. Viable S. epidermidis, heat-

killed S. epidermidis, PG or LPS preparations were injected subcutaneously along the inserted SE and SEpvp 

segments. In rabbits, the inocula or preparations of heat-killed S. epidermidis were injected in a 0.1 mL volume 

via a tuberculine syringe and needle. In mice, the inocula or preparations were injected in a 0.025 mL volume 

using a repetitive pipette (Stepper, model 4001-025, Tridak division, Brookfield, CT, USA). Control groups of 

rabbits and mice with implanted SE and SEpvp segments were injected with endotoxin-free isotonic saline. 

Control groups of rabbits and mice without implanted segments were injected subcutaneously lateral to the spine 

with the bacterial inocula, with heat-killed S. epidermidis preparations or with bacterial cell wall component 

preparations. AU inocula, heat-killed S. epidermidis preparations, bacterial cell wall component preparations and 

controls were tested in four mice. 

Implantation of catheters pre-exposed to S. epidermidis. In addition to bacterial challenge of sterile catheter 

segments after implantation, we pre-exposed catheter segments to S. epidermidis RP62a prior to their insertion. 

A bacterial suspension of 106 or 108 cfu/mL in endotoxin-free sterile isotonic saline in a 50 mL bottle was 

prepared as described above. Both ends of 10 cm long SE and SEpvp segments were fixed in the cap of the 

bottle, and the segment was submersed in the bacterial suspension. This way the bacteria could only adhere on 

the outer surface of the catheter segments. After 3 h at 37°C the segments were removed from the suspension, 

but not detached from the cap. They were rinsed twice with phosphate buffered saline (PBS; 8.1 mM Na2HP04, 

1.5 mM KH2P04, 140 mM NaCl; pH 7.2) to remove non-adherent bacteria. From the central 6 cm part, one cm 

long segments were cut. Three of these segments were implanted subcutaneously in mice. Each of the other 3 

segments was placed in 1 mL PBS and sonicated for 30 sec in a waterbath sonicator (Bransonic ® B-2200 E4, 

47KHz, 205 W) to dislodge the adherent bacteria. The number of cfu was determined by quantitative culture (as 

described below), and the average number was considered to be equal to the number of S. epidermidis RP62a 

adherent on the inserted segments. 
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Termination of animals and sample collection. Unless indicated otherwise, rabbits were terminated by injection 

of 1 mL euthanasate®, and mice by cervical dislocation after 14days. Mice with implanted SE or SEpvp 

segments with adherent S. epidermidis were terminated at 5 days. This was done to assess differences in numbers 

of bacteria adherent onto SE and SEpvp in vivo. Terminated rabbits and mice were placed in a laminar flow 

cabinet and fixed on a sterile polypropyleen plate. A dorsal midline incision was made, from the cervical to 

lumbal area. Subsequently the skin and subcutaneous tissue on both sides were separated from the muscle fascia 

up to the flank. The insertion sites were inspected for purulence and standardized biopsies of 12 mm in diameter, 

containing skin, subcutaneous tissue and the inserted catheter segment, were collected using a specifically 

developed tissue sampler. Half of the numbers of biopsies obtained from SE and from SEpvp insertion sites, 

were placed in 10% buffered formaldehyde (pH 7.3). From the remaining biopsies, the catheter segment was 

separated from the tissue. Each catheter segment was washed twice with PBS to remove non-adherent bacteria 

and placed in a tube containing 1 mL of PBS. The tissue was placed in another tube and a volume of endotoxin-

free isotonic saline corresponding to 4 times the weight was added. The weight of the tissue samples varied 

between 125 and 160 p.g. 

Quantitative culture of SE and SEpvp catheter segments removed from subcutaneous tissue. The tubes 

containing the SE or SEpvp segments removed from subcutaneous tissue in 1 mL PBS were sonicated for 30 sec 

in a waterbath sonicator (Bransonic ®, B-2200 E4) to dislodge adherent bacteria. The numbers of viable S. 

epidermidis were assessed by quantitative culture of serial 10-fold dilutions of the PBS. Six aliquots of 10 uL of 

each dilution were spotted onto a blood agar plate. The remaining undiluted suspension was stored at 4°C. After 

overnight incubation at 37°C of the blood agar plates, colonies were microscopically counted. When no growth 

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

was «suspended in 100 uL PBS and plated on a blood agar plate. In addition, the sonicated segments were 

cultured in 80 mL thioglycolate broth (Tb), consisting of 3% (w/v) thioglycolate containing 0.03% (w/v) 

polyanetholesulfonic acid, IM NaOH and 0.5% Tween 80, at 37°C for 72 hours. For statistical purposes, it was 

assumed that one cfu per 1 cm catheter segment had been present when no growth occurred on the blood agar 

plates and the catheter segment incubated in Tb was culture-positive. The number of adherent S. epidermidis is 

expressed as number of cfu / cm catheter segment. Antibiograms were made of the cultured bacteria. 

Quantitative culture of tissue homogenates. The tubes containing the tissue samples of SE and SEpvp insertion 

sites from the mice were homogenized at 4°C (Tissue Tearer, model 985-370, Biospec products, Bartelsville, 

OK, USA). After each homogenation the homogenizer was carefully cleaned, disinfected with subsequent 

washings of 4% (w/v) sodium hypochloride and 70% ethanol, and rinsed with endotoxin-free sterile isotonic 

saline. The homogenates were quantitatively cultured. Three aliquots of 100 uL of each homogenate was surface 

plated on 3 blood agar plates which were incubated at 37°C. Colonies were counted the next day. Another 100 

uL was cultured in 80 mL of Tb at 37°C. These cultures were visually inspected for growth after 72 hours. For 

statistical purposes, it was assumed that one cm per 100 uL homogenate had been present when no growth 

occurred on the blood agar plates and the homogenate incubated in Tb was culture-positive. The number of 

adherent S. epidermidis is expressed as number of cfu / biopsy. Antibiograms were made of the cultured bacteria. 

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

methylmethacrylaat / buthylmethacrylaat (MMA / MBA; Merck Schuchart, Hohenbrunn, Germany), sectioned, 

and stained with hematoxylin-eosin. Slides were inspected for the presence of abscesses at the tissue-catheter 

interface. Abscesses were defined as an accumulation of polymorphonuclear leukocytes (PMNs) with necrotic 

burdens, surrounded by inflamed tissue. 

34 



Catheter-induced abscess formation 

Data analysis. The significance of differences between the frequencies of categorical variables was determined 

using the x-square or Fisher's exact tests. P< 0.05 was considered to be statistically significant. 

RESULTS 

Subcutaneous abscess formation associated with catheters challenged with S. epidermidis 

RP62a in rabbit. SE and SEpvp segments implanted subcutaneously in rabbits were 

challenged with various inocula of S. epidermidis RP62a, and evaluated after 14 d. 

SE SEpvp 

Figure 1. Macroscopic evaluation of SE and SEpvp catheter segments 14 days after insertion and 

injection with 106 cfu of S. epidermidis in rabbits. The arrow indicates a SEpvp-associated abscess; 

magnification X 4. 

Macroscopically and upon histological examination no abscesses were seen around SE 

segments, except around one, inoculated with the highest inoculum (109 cfu). Around all 

subcutaneously inserted SEpvp segments with bacterial inocula of 1000 cfu and more, 

abscesses had developed along the inserted catheter (figures 1,2). Around 3 of the 4 SEpvp 

segments with inocula of 100 cfu abscesses were present. From none of the SE and SEpvp 

segments challenged with upto 109 cfu S. epidermidis RP62a was cultured. In tissue around 

SE and SEpvp catheter segments which was injected with saline, no abscess formation was 

seen at visual inspection, nor upon histological examination. Subcutaneous injection of the 

bacterial inocula in the absence of implanted segments did not induce abscesses either. So, 

injection of S. epidermidis in tissue around SEpvp caused abscesses, but no bacteria were 

cultured from the implanted segments. 
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Figure 2. Frequency of macroscopically observed subcutaneous abscesses in rabbits around SE and 

SEpvp catheter segments 14 days after insertion and injection of S. epidermidis RP62a along these segments. 

Subcutaneous abscess formation associated with catheters challenged with heat-killed S. 

epidermidis RP62a in rabbit. Since no bacteria were cultured from the SEpvp segments with 

abscesses, we examined whether viable S. epidermidis RP62a were required to cause abscess 

formation. Doses of heat-killed S. epidermidis RP62a equivalent to 103, 10 and 10 cfu were 

injected along subcutaneously inserted SE and SEpvp segments and insertion sites were 

inspected after 14 d. Abscesses had developed around each of the 12 SEpvp segments, and 

around none of the 12 SE segments (figure 3). Cultures of SE and SEpvp segments removed 

from subcutaneous tissue were negative. Apparently, abscess induction did not require live 

bacteria, and was induced by the combined presence of SEpvp and bacterial components in 

rabbits. 

SE SEpvp 
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Figure 3. Frequency of subcutaneous abscesses around SE and SEpvp catheter segments in rabbits 14 

days after insertion and injection of heat-killed S. epidermidis RP62a along the segments. 

Subcutaneous abscess formation and persistent infection associated with catheters challenged 

with S. epidermidis RP62a in mice. The observed abscess formation around SEpvp in the 

presence of viable and non-viable S. epidermidis RP62a might be specific for the rabbit. 

Therefore, the experiments were repeated and extended in mice. In addition to the catheter 

segments, homogenates from tissue surrounding the segments in this second animal host were 

also quantitatively cultured. Results similar to those in rabbits were obtained. Abscess 

formation around SEpvp occurred after injection of much lower inocula than around SE 

(figure 4). From tissue homogenates of SEpvp insertion sites S. epidermidis could be cultured 
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after 14 d when inocula of 106 cfu and more had been injected. In contrast, S. epidermidis was 

recovered from tissue homogenates of SE insertion sites only when inocula of 1010 cfu had 

been used (figure 4). Only two of the four culture-positive tissues were associated with an 

abscess. No adherent S. epidermidis were cultured from subcutaneously implanted SE and 

SEpvp segments challenged with upto 108 cfu of S. epidermidis (figure 4). SE as well as 

SEpvp segments along which 1010 cfu had been injected were all culture positive. All colonies 

had the same antibiogram as S. epidermidis RP62a. This indicates that the observed abscess 

formation around SEpvp is host independent. 
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Figure 4. A) Frequency of subcutaneous abscesses in mice around SE and SEpvp catheter segments 14 

days after insertion and injection of S. epidermidis RP62a along these segments. B) Number of persisting cfu of 

S. epidermidis in tissue around SE and SEpvp segments 14 days after inoculation. C) Number of adherent S. 

epidermidis on SE and SEpvp segments 14 days after inoculation. 

Histological examination. In the control rabbits as well as mice, the inflammatory response 

around SE segments was similar to that around SEpvp segments. In rabbit and mice, 

abscesses were observed around SEpvp, but not around SE segments challenged with low 

numbers of viable or non-viable S. epidermidis. When low numbers (< 104 cfu) of S. 

epidermidis were injected along SEpvp the abscesses were sterile, when higher numbers (>106 

cfu) of S. epidermidis were injected, bacteria were cultured from tissue surrounding the 

segments. Histological examination revealed no differences between sterile and non-sterile 
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abscesses. The size of the abscesses however increased with increasing concentrations of live 

or dead bacteria. Figure 5 shows the gross sections of tissue bordering subcutaneous catheter 

segments in mice 14 d after insertion and injection of either saline or of bacterial inocula 

ranging from 102 to 1010 cfu of S. epidermidis RP62a. 

Figure 5. Gross sections of tissue bordering subcutaneously inserted SE and SEpvp catheter segments 14 

days after implantation in mice, and injection of endotoxin-free isotonic saline or 102, 10 and 10 cfu of S. 

epidermidis RP62a, respectively. 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 
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Subcutaneous abscess formation and persistent infection associated with catheters challenged 

with S. epidermidis AMC3 in mice. The observed abscess formation could also be specific for 

the test strain S. epidermidis RP62a. Therefore experiments were repeated using S. 

epidermidis strain AMC3. As with strain RP62a abscess formation was present in tissue 

around SEpvp segments challenged with bacterial inocula much lower than those needed to 

cause abscesses around SE (figure 6). S. epidermidis was cultured from tissue homogenates of 

Epvp insertion sites inoculated with 106 cfu and more, and from SE insertion sites only when 

inoculated with 101 cfu (figure 6). Only two of the four culture-positive SE tissues showed 

abscess formation. Adherent S. epidermidis were cultured from the SE and SEpvp catheter 

segments after inoculation with 1010 cfu (figure 6). All colonies had the same antibiogram as 

S. epidermidis AMC3. This indicates that the observed abscess formation around SEpvp is 

bacterial strain independent. 
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Figure 6. A) Frequency of subcutaneous abscesses in mice around SE and SEpvp catheter segments 14 

days after insertion and injection of S. epidermidis AMC3 along these segments. B) Number of persisting cfu of 

S. epidermidis AMC3 in tissue around SE and SEpvp segments 14 d after inoculation. C) Numbers of adherent S. 

epidermidis AMC3 on SE and SEpvp segments 14 d after inoculation. 

Subcutaneous abscess formation and persistent infection associated with catheters with 

adherent S. epidermidis RP62a in mice. We pre-exposed SE and SEpvp segments for 3 hours 

to suspensions of S. epidermidis RP62a containing 106 or 10 cfu/mL endotoxin-free sterile 
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isotonic saline. The number of adherent bacteria on the segments after incubation in either 

suspension was similar (figure 7). On SEpvp approximately 90% less bacteria adhered than 

on SE (figure 7). Adherence was independent on the bacterial concentration of the suspension. 

Mice were terminated after 5 d. The tissue responses around SE and SEpvp segments with 

adherent S. epidermidis were similar to those observed around segments with bacteria 

delivered by injection. Around SE no abscess formation was seen, and all SE segments and all 

SE tissue homogenates were culture negative. Around all SEpvp segments, either pre-exposed 

to 10 or 10 cfu/mL, abscesses were observed. Three of the 4 homogenates of tissue around 

the SEpvp segments pre-exposed to 106 cfu/mL of S. epidermidis and 2 of 4 homogenates 

from tissue around SEpvp pre-exposed to 10s cfu/mL were cultured positive (figure 7). Two 

of the 4 SEpvp segments pre-exposed to 106 cfu/mL, and 2 of the 4 SEpvp segments pre-

exposed to 10 cfu/mL were culture positive 5 d after insertion (figure 7). All colonies had the 

same antibiogram as S. epidermidis RP62a. This indicates that the observed abscess formation 

around SEpvp is way of inoculum delivery independent. 
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Figure 7. A) Frequency 
of subcutaneous abscesses in 
mice around SE and SEpvp 
catheter segments with adherent 
S. epidermidis RP62a 5 days 
after insertion B) Numbers of 
persisting cfu of S. epidermidis 
RP62a in tissue around SE and 
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Subcutaneous abscess formation associated with catheters challenged with PG or LPS, in the 

mouse model. We observed abscess formation around SEpvp challenged with heat-killed S. 

epidermidis in rabbit. As isolated bacterial cell wall components have also been shown to 

induce inflammatory responses [10-14], we investigated whether abscess formation around 

SEpvp could be induced by such bacterial cell wall components. Various amounts of PG or 

LPS were injected along subcutaneously inserted catheter segments. Induction of abscess 

formation around SEpvp required at least 10,000-fold lower amounts of PG and LPS than 

around SE (figure 8). Cultures from catheter segments and tissue homogenates were negative. 
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Figure 8. Frequency of subcutaneous abscesses in mice around SE and SEpvp catheter segments 14 days 

after insertion of the and injection of peptidoglycan (A) or LPS (B) along these segments. 

DISCUSSION 

In this study we aimed to assess the frequency of S. epidermidis infection associated with SE 

and SEpvp catheter segments. SE and SEpvp are two almost identical catheter materials. Both 

catheters are made of silicon elastomer. The only difference is the polyvinylpyrrolidone-

grafting present on de SEpvp catheter. Unexpectedly, around subcutaneously inserted SEpvp 

segments, and not around SE segments, abscesses were induced when viable or non-viable S. 

epidermidis were injected along the inserted SEpvp segments. This SEpvp-associated abscess 

induction was not host specific, not bacterial strain specific, and could also by induced by the 

bacterial cell wall components peptidoglycan or lipopolysaccharide. When an S. epidermidis 

inoculum was applied by pre-exposure of SE and SEpvp-segments to bacteria, abscesses were 

also observed around SEpvp, and not around SE. In conclusion, in the presence of small 

numbers of S. epidermidis or of bacterial cell wall components, the novel SEpvp catheter 

shows characteristics of a bio-in-compatibility reaction. 
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It is unclear why SEpvp caused this response. Silicon elastomers as well as the hydrogel 

polyvinylpyrrolidone are regarded biocompatible products and both are often used in modern 

medicine. Silicon elastomer is regularly used in biomedical implants like hydrocephalus 

shunts, breast implants, and long-term intravascular catheters. Polyvinylpyrrolidone has been 

used extensively as a plasma expander during the second world war and is nowadays used in 

povidone-jodium and as a carrier in drug formulations [15]. Several reports do however 

indicate that polyvinylpyrrolidone can cause a mild inflammatory response [15]. Prolonged 

use of soluble polyvinylpyrrolidone as plasma expander was associated with increased risk of 

liver granuloma in man [16], and polyvinylpyrrolidone is used to induce sterile inflammation 

and granulopoiesis in a rat model of leucocytosis [17-19]. Cross-linked polyvinylpyrrolidone 

applied as a vitreous substitute in the rabbit eye induced influx of inflammatory cells [20]. In 

NMR studies on compounds eluted from SEpvp catheters in water, low amounts of 

polyvinylpyrrolidone were observed (not shown). Based on the reported results listed above, 

it might be speculated that such released polyvinylpyrrolidone induces a mild inflammatory 

response which per se does not trigger abscess formation. In combination with live or dead 

bacteria, which by themselves induce a low level inflammatory response as well, the 

cumulative level of inflammation may be enhanced and sufficiently high to induce the abscess 

formation and persistent infection. 

Elek and Conen showed that silk sutures facilitated subcutaneous infection due to S. aureus in 

men [21]. In the presence of the sutures as few as 102 cfu of S. aureus caused infection and 

induced abscess formation, whereas without sutures 106 cfu of S. aureus were required [21]. 

Similar results were obtained in several animal studies [22-25]. It was concluded that 

biomaterials enhanced susceptibility to infection, and that bacteria were required to induce 

abscesses. The present study extends these observations. Histologically, no abscess formation, 

nor differences in inflammation were seen around SE and SEpvp in the absence of bacteria. 

When low dose inocula were injected along SEpvp segments abscesses were induced, while 

segment and tissue cultures were negative, indicating that non-viable bacteria still can 

modulate the inflammatory environment. This was confirmed in the experiments using dead 

bacteria or their bacterial cell wall components, PG and LPS. When challenged with 106 cfu 

or higher, the induced abscesses and the tissues surrounding the SEpvp were culture positive, 

indicating that the enhanced inflammation was beneficial for bacterial survival. Only around 

SE challenged with 1010 cfu a low level of bacterial persistence was observed, while no 

abscesses were seen. This persistence was probably due to the very high inoculum bacteria 

used. Apparently, SEpvp in combination with bacteria or bacterial components primed for the 

induction of abscesses and persistent infection. 

42 



Catheter-induced abscess formation 

Abscess formation is the result of massive PMN influx, presumably orchestrated by the 

production of pro-inflammatory cytokines in the tissue. Enhancement of the inflammatory 

response around biomaterials in presence of bacteria or bacterial components is probably not 

restricted to SEpvp. Several in vitro studies showed that in human monocytes or macrophages 

exposed to biomaterials cytokine production is induced [26-31]. However, detectable levels of 

cytokines, specifically of the pro-inflammatory cytokines interleukin-1, TNF-a and 

interleukin-6, were only found in the presence of LPS, a major cell wall component of gram 

negative bacteria. Moreover, only in the presence of LPS biomaterials differed significantly in 

their cytokine-inducing properties [26-29]. This indicates that the presence of bacteria or 

bacterial component can modulate the inflammatory tissue reaction caused by the implanted 

biomaterial. In the present study abscess formation around the inserted SEpvp segments 

hampered the effective clearance of S. epidermidis from the tissue. This may be a mechanism 

increasing susceptibility to persistent infection. Elucidation of this mechanism requires further 

investigation, for instance by assessing whether specific changes in cytokine production are 

associated with the observed abscess formations and persistent infection around SEpvp. 

Additionally, it should be noted that sterile abscesses may be potentially dangerous. In 

humans as well as in various animal studies a protracted enhanced inflammation was 

associated with increased susceptibility to infection [32-35]. Moreover, abscesses may 

complicate cure and function of various organs. 

Apparently, certain biomaterials, like SEpvp, are more prone to predispose for strong tissue 

reactivity in presence of bacteria or bacterial components than others. This may have general 

implications for testing of new biomaterials. Before a new biomedical device can be marketed 

in the U.S., it has to meet FDA (food and drug administration)-standards for biocompatibility. 

This requires testing for (i) cytotoxicity of the novel device for cultured cells in vitro and (ii) 

assessing the host response to the device in animal studies [36-39]. Biocompatibility is always 

tested in absence of bacteria or bacterial cell wall components [36,39]. As discussed above, 

biomaterials like SEpvp, which are regarded highly biocompatible based on results of such in 

vitro and in vivo tests, may cause strong incompatibility reactions in the presence of low 

numbers of bacteria or small amounts of their cell wall components. In addition, this bio-

incompatibility reaction around SEpvp was associated with persistent infection. In clinical 

practice more than 10 to 20% of implanted catheters show clinical manifestation of infection 

[1,2]. Probably much more catheters will be in contact with tissue together with bacteria or 

bacterial components, liberated due to antibiotic prophylaxis during implantation. Thus, 

bacterial components are often present around catheters in tissue, and small amounts of such 

bacterial components may dramatically increase the inflammatory responses and bacterial 

persistence around a catheter. Therefore, biocompatibility testing of new catheters should 
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include experiments in which the inflammatory effects of the combination of catheter and 
bacteria or bacterial components are tested. 
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