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Abstract (247 words) 29 

Background: Biological xenografts using tubulized porcine pericardium are an alternative to 30 

replace infected prosthetic graft. We recently reported an innovative technique using a stapled 31 

porcine pericardial bioconduit for immediate vascular reconstruction in emergency. The 32 

objective of this study was to compare the growth and adherence to grafts of bacteria and 33 

yeast incubated with stapled porcine pericardium, sutured or naked pericardium. 34 

Materials & Methods: One square centimeter of porcine pericardial patches, with or without 35 

staples or sutures, was incubated with 105 colony forming units (CFU) of Escherichia coli, 36 

Staphylococcus aureus, Staphylococcus epidermidis and Candida albicans for 1, 6 and 24 37 

hours. The medium was collected to quantify planktonic microorganisms, while grafts were 38 

sonicated to quantify adherent microorganisms. Dacron and Dacron silver were analyzed in 39 

parallel as synthetic reference prostheses.  40 

Results: Stapled porcine pericardium reduced the growth and the adherence of E. coli (2 to 41 

30-fold; p < .0005), S. aureus (11 to 1000-fold; p < .0006), S. epidermidis (> 500-fold; p < 42 

.0001) and C. albicans (12 to 50-fold; p < .0001) when compared to medium alone (growth) 43 

and pericardium or Dacron (adherence). Native and sutured porcine pericardium interfered 44 

with the growth and the adherence of E. coli and C. albicans, and Dacron with that of S. 45 

epidermidis. As expected, Dacron silver was robustly bactericidal. 46 

Conclusions: Stapled porcine pericardium exhibited a lower susceptibility to infection by 47 

bacteria and yeasts in vitro when compared to the native and sutured porcine pericardium. 48 

Stapled porcine pericardium might be a good option for rapid vascular grafting without 49 

increasing infectivity. 50 

 51 

Keywords (3-6): Pericardium, Vascular graft, Infection, Adherence, Dacron 52 
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Highlights 54 

 55 

 Porcine pericardial xenograft shows reduced bacterial growth and adherence 56 

compared to Dacron grafts. 57 

 Dacron Silver graft is strongly bactericidal, but only mildly fungistatic 58 

 Porcine pericardial xenograft with staples interferes with the growth and the adherence 59 

of bacteria and yeast better than naked or sutured-stapled pericardium. 60 

 Tubulized stapled porcine pericardium might represent an alternative to synthetic 61 

vascular grafts for rapid vascular replacement and possibly for patients with a high risk 62 

of infection. 63 

  64 
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INTRODUCTION 65 

Infection of vascular graft is a rare, severe complication of open surgical revascularization, 66 

associated with patients’ comorbidities, surgical and environmental factors. The incidence of 67 

vascular graft infection ranges from 2% for aortic grafts to 4% for femoropopliteal grafts, while 68 

the mortality rate oscillates from 24% to 75%.1,2 The main microorganisms responsible for 69 

infections are Gram-positive bacteria, including Staphylococcus aureus, coagulase negative 70 

staphylococci and enterococci, and Gram-negative bacteria. Fungal infections are common, 71 

especially in aortic location, and are associated with severe complications such as mycotic 72 

aneurysms, graft reinfection and graft rupture.1, 2  73 

The management of infected vascular grafts is still debated. Systemic antibiotherapy 74 

usually comes with partial or total graft explantation, followed by in situ reconstructions.1, 2 75 

Biological allografting performed with cryopreserved veins or arteries and autologous deep 76 

femoral veins is the preferred option to prevent reinfection. However, such grafts may not be 77 

available for emergency intervention. In rare cases, they also suffer from early mechanical 78 

failure due to rupture or thrombosis.3-7 Synthetic graft materials such as non impregnated 79 

polyester prostheses (Dacron) are not recommended as they present a high-risk of recurrent 80 

infection. Finally, the use of antimicrobial vascular grafts have shown mixed results due to 81 

reinfection by emerging antimicrobial-resistant miroorganisms.8-11 82 

Pericardial patches of both bovine and porcine origin have been used in cardiovascular 83 

surgery over the last two decades. Pericardial patches are resistant and available in handy 84 

sizes. Vascular reconstruction using pericardial tubes wrapped with continuous suture show 85 

a low rate of reinfection when compared to the synthetic vascular prosthesis, constituting a 86 

promising alternative to synthetic graft .12-18 To avoid this limitation, we recently reported 87 

a stapler-made bioconduit using a porcine pericardial patch, prepared in a few 88 

minutes, used for in situ vascular reconstruction after infected graft removal.19 The 89 

possible benefits of using porcine pericardium tubes over synthetic grafts are mainly 90 
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deduced from clinical observations and the assumption that biological grafts have an 91 

increased resistance toward infection.  92 

Yet, a limited number of studies assessed the growth and adherence of microorganisms 93 

to vascular graft materials, and none evaluated the susceptibility of the stapled porcine 94 

pericardium to bacterial infection. Our study aimed to compare in vitro bacterial and fungal 95 

growth and adherence to stapled porcine pericardium with native and sutured pericardium. 96 

Polyester (Dacron) and polyester silver (Dacron Silver) were used as reference material for 97 

their well-characterized response to bacterial and fungal growth and adherence in vitro. 98 

  99 
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MATERIALS AND METHODS 100 

Microorganisms 101 

Escherichia coli O18:K1:H7,20 methicillin-resistant Staphylococcus aureus Rosenbach 102 

(American Type Culture Collection, Manassas, VA, USA; ATCC 33591) and Staphylococcus 103 

epidermidis Evans (ATCC 12228) were cultured at 37 °C in Mueller Hinton broth (BD, Franklin 104 

Lakes, NJ, USA). Candida albicans Berkhout (ATCC 90028) was cultured at 30 °C in 105 

Sabouraud broth (BD). The growth of bacteria and C. albicans was recorded by measuring 106 

OD 620 nm and OD 540 nm using a nephelometer (NovaSpec™ Plus, Amersham 107 

Biosciences). Microorganisms were collected during exponential growth, washed in 108 

phosphate-buffered saline, and adjusted to 105 colony forming units (CFU)/mL Mueller Hinton 109 

broth or Sabouraud broth. 110 

Graft material  111 

Graft material consisted of 1) porcine pericardium (No-React®Patch, BioIntegralSurgical, 112 

Mississauga, Canada), 2) porcine pericardium with staples (Endopath EchelonTM 60 mm 113 

Reloads Thin GST60W, Ethicon®Inc, Somerville, MA, USA) applied using an Echelon Flex 114 

(Ethicon®Inc, Somerville, MA, USA), 3) porcine pericardium with sutures (2 loops of 5 knots 115 

by 5.0 polypropylene), 4) polyester (Intergard®, Maquet, Getinge Group, Rastatt, Germany) 116 

and, 5) polyester silver (Intergard Silver®, Maquet). 117 

Growth and adherence to vascular grafts of microorganisms 118 

One cm2 of vascular grafts or six staples were incubated for 1, 6 and 24 h at 30 or 37 119 

°C under shaking (100 revolutions per minute) in 1 mL Mueller Hinton broth or 120 

Sabouraud broth containing 105 CFU bacteria or C. albicans. Serial dilutions of 121 

supernatant were plated on Mueller Hinton blood agar plates (BD) to quantify the 122 

planktonic growth of microorganisms. Grafts were washed three times in 2 mL 0.9% 123 

sodium chloride, transferred to a tube containing 1 mL Mueller Hinton or Sabouraud 124 

broth, and sonicated 5 min using an ultrasonic water bath (TPC120, 30KHz, 125 
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TELSONIC Ultrasonics, Bronschhofen, Switzerland) for maximal recovery of adhering 126 

microorganisms.21 Serial dilutions of medium were plated on Mueller Hinton blood agar 127 

plates (BD). Colonies were numerated after 24 h of incubation at 30 or 37 °C. We 128 

compared the infectivity and antimicrobial activity of three biological vascular 129 

xenografts, porcine patches with or without staples or sutures (Fig. 1). Polyester 130 

(Dacron) and polyester silver (Dacron Silver), which displays strong bactericidal 131 

activity, were used as reference synthetic vascular prosthesis material.  132 

Statistical analysis 133 

Procedures were repeated eight times for each graft and microorganism, except for polyester 134 

silver that was tested 3-5 times as we expected a strong effect of the graft on bacterial growth. 135 

The experimental design was based on published studies aimed at reaching power of 80%.11, 136 

22 . Data were analyzed using PRISM version 8.4.0 software (GraphPad Software, La Jolla, 137 

CA, USA). Data were log-transformed to normalize the distribution.23 Comparisons between 138 

groups were made using ordinary one-way ANOVA test, followed by multiple comparisons 139 

using post-hoc t-test with Tukey’s correction for multiple comparisons. p values of less than 140 

.05 were considered to indicate statistical significance. *p ≤ .05; **p ≤ .01; ***p ≤ .001; ****p ≤ 141 

.0001.  142 
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RESULTS 143 

 144 

Reduced growth and adherence of E. coli to pericardium grafts 145 

The CFU of planktonic E. coli increased 7.4 x 103-fold after 6 h of incubation in medium (Fig. 146 

2, Table S1). The presence of stapled pericardium, pericardium and sutured pericardium 147 

hindered the growth of E. coli by 30% to 50% when compared to medium and Dacron that, as 148 

expected, did not affect the growth of E. coli (p < .0005 for all conditions). A small fraction of 149 

E. coli, 0.01-0.2% of total counts, adhered to the grafts (Fig. 2, Table S2). The numbers of E. 150 

coli adhering to the pericardium, stapled pericardium and sutured pericardium were 17 to 30-151 

fold lower than for Dacron (p < .0001). As anticipated, Dacron Silver was bactericidal and 152 

reduced 104-107-fold the number of planktonic and adherent E. coli (p < .0001). Similar results 153 

were obtained after 1 h of incubation, while all but with polyester silver cultures of E. coli were 154 

saturated after 24 h of incubation. 155 

 156 

Reduced growth and adherence of S. aureus to stapled pericardium grafts 157 

The CFU of S. aureus increased 175-fold and 2.6 x 103-fold after 6 h and 24 h incubation in 158 

medium, respectively (Fig. 3, Table S3). Stapled pericardium reduced 60 and 7-fold the 159 

growth of S. aureus after 6 h and 24 h of incubation, respectively (p = .0002 and p = .0006), 160 

while pericardium, sutured pericardium and Dacron had no impact on bacterial growth (p > 161 

.05). After 24 h, growth inhibition by stapled pericardium was substantial when compared to 162 

pericardium (11-fold reduction, p = .0002), sutured pericardium (10-fold, p = .0007) and 163 

Dacron (12-fold, p = .0002). Around 0.2-1% of S. aureus adhered to the grafts (Fig. 3). After 164 

6 h and 24 h of incubation, the numbers of S. aureus adhering to stapled pericardium was 165 

1000-fold lower than for Dacron (p < .0001 at both 6 h and 24 h, Table S4). The decrease was 166 

less marked for pericardium (20-35-fold, p = .018 and p = .16) and not statistically significant 167 

for sutured pericardium (3.5-22-fold, p =.18 and p = .38, Table S4). Dacron Silver was 168 
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bactericidal and decreased 1-5 x 104-fold the number of planktonic and adherent S. aureus 169 

recovered after 6 h. Less than 10 CFU of S. aureus were measured after 24 h (Fig. 3). 170 

 171 

Reduced growth and adherence of S. epidermidis to stapled pericardium grafts 172 

The CFU of S. epidermidis increased 10-fold and 3.7 x 103-fold after 6 h and 24 h incubation 173 

in medium (Fig. 4). Apart from the naked pericardium, all grafts tended to decrease the growth 174 

of S. epidermidis after 6 h, but only stapled pericardium had a statically significant effect (550-175 

fold reduction, p < .0001, Table S5). The stapled pericardium effect was significant after 24 h 176 

of incubation (p < .0001), while pericardium and sutured pericardium did not affect bacterial 177 

growth. Surprisingly, Dacron strongly reduced S. epidermidis growth after 24 h (p < .0001 vs 178 

medium, p = .0012 vs stapled pericardium, Table S5). 179 

Approximately 0.2-0.5% of S. epidermidis adhered to the pericardium (Fig. 4). After 6 h of 180 

incubation, no bacteria were detected onto stapled pericardium and Dacron Silver. Twenty-181 

fold more S. epidermidis adhered to pericardium and 2-fold more to sutured pericardium than 182 

to Dacron (p = .15 and p = .96, Table S6). After 24 h of incubation, 500 and 105-fold more S. 183 

epidermidis adhered to pericardium or sutured pericardium than to stapled pericardium (p = 184 

.0002 and p < .0001) and Dacron (p < .005 and p < .0001). Because planktonic growth was 185 

strongly reduced by stapled pericardium and Dacron, the number of S. epidermidis adhering 186 

to the grafts represented as much as 2 to 5% of all living bacteria. Dacron Silver was 187 

bactericidal and fully abrogated bacteria adherence after 6 h and 24 h of incubation (Fig. 4, 188 

Table S6). The data obtained from cultures of S. aureus and S. epidermidis suggested a 189 

possible bactericidal effect of the stapled pericardium (Fig 3 and 4). Therefore, we tested 190 

whether staples interfered with bacterial growth. Staples alone had no impact on the recovery 191 

of S. aureus and S. epidermidis after 6 h and 24 h of incubation (Fig. 5). 192 

 193 

Reduced growth and adherence of C. albicans to stapled pericardium grafts 194 
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The CFU of C. albicans increased 17 and 270-fold after 6 h and 24 h incubation in medium 195 

(Fig. 6). Dacron did not hinder the growth of C. albicans after 6 h and 24 h of incubation when 196 

compared to medium alone. Pericardium, stapled pericardium and sutured pericardium 197 

reduced the growth of C. albicans 20 to 50-fold after 6 h (p ≤ .0006 vs medium or vs polyester, 198 

Table S7). After 24 h, pericardium tended to reduce the growth of C. albicans (p = .061; Fig. 199 

6). Of note, Dacron Silver was fungistatic and resulted in the lowest growth rate of C. albicans 200 

growth after 6 h (p < .0001) but not after 24 h of incubation (Table S7). As much as 5% of C. 201 

albicans adhered to Dacron (Fig. 6). In contrast, only 0.2-0.5% of C. albicans adhered to 202 

pericardium, stapled pericardium, sutured pericardium and Dacron Silver. Compared to 203 

Dacron, all pericardial grafts reduced yeast adherence after 6 h (3 to 7 fold reduction, Table 204 

S8) and 24 h (12 to 50 fold reduction, Table S8) to levels comparable to that of Dacron Silver. 205 

  206 
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DISCUSSION 207 

The present study suggests that, in vitro, stapled porcine pericardium decreases the growth 208 

and adherence of bacteria and yeast compared to native or sutured porcine pericardium. This 209 

observation is interesting considering that the usage of stapled pericardial tube is a quick and 210 

easy alternative procedure for vascular reconstruction in acute conditions during which 211 

biological substitutes are not immediately available.19  212 

A limited number of studies assessed the growth and adherence of microorganisms to 213 

vascular graft materials and none to the porcine pericardium. Here, we report that the porcine 214 

pericardium, despite no antibacterial properties, lowered E. coli and S. aureus growth. That 215 

said, the porcine pericardium still showed high growth and adherence compared to the 216 

antimicrobial Dacron Silver graft, which consistently displayed potent bactericidal properties 217 

against all strains. Surprisingly, all types of pericardium patches showed significantly reduced 218 

adherence of C. albicans compared to the native Dacron graft, down to levels similar to those 219 

obtained with Silver graft. However, it should be noted that Dacron Silver had no potent 220 

antifungal activity, and reduced by only 30% C. albicans adherence compared to the Dacron. 221 

Our results support previous studies showing that silver does not reduce C. albicans growth 222 

on vascular prostheses, and may even promote the formation of biofilm.24, 25 Overall, the 223 

pericardium grafts perform better than the Dacron graft in terms of bacterial growth and 224 

adherence, except for S. epidermidis. The pericardium grafts perform as well as the Silver 225 

graft for C. albicans.  226 

A legitimate concern when using staples is that it might increase the risk of infection 227 

compared to traditional stitches. Here, we consistently observed that stapled porcine 228 

pericardium showed lower growth and the adherence of E. coli, S. aureus, S. epidermidis and 229 

C. albicans than native and sutured porcine pericardium. The presence of staples somehow 230 

reduced the growth and attachment of S. aureus and S. epidermidis, although staples alone 231 

had no bacteriostatic effect on staphylococci. Although further studies are required to elucidate 232 
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the reason behind this effect, these findings support the safety of stapled porcine pericardium 233 

tubes as a quick alternative to sutured pericardial tubes. 234 

Inhibition of microbial growth after 6 h of incubation with stapled porcine pericardium 235 

was lower for E. coli than for S. aureus, S. epidemidis and C. albicans. Concurrently, after 6 h 236 

incubation in medium alone, E. coli multiplied 40, 740 and 450-fold more than S. aureus, S. 237 

epidemidis and C. albicans, respectively. Thus, the reduced impact of the stapled porcine 238 

pericardium on E. coli was likely related to the fast-growing performance of the bacteria. 239 

Supporting this hypothesis, all the 24 h growth assays were saturated with E. coli, except 240 

when using powerfully bactericidal polyester silver. 241 

Our study has several limitations. We have tested a limited number of pathogens in an 242 

in vitro assay. It will be interesting to increase our panel of bacteria and fungi, including 243 

especially strains recovered from recurrent infections. In this study, we used flat patches of 244 

material, without wrapping to avoid construction and geometry biases. We should also enlarge 245 

the panel of graft material to be compared and even assess the effects of the combination of 246 

different materials. Indeed, the creation of long bifurcated stapled tubulized grafts will require 247 

potentially circular polypropylene sutures to join tubes together. Finally, animal models could 248 

be used to confirm our observations in settings that more closely mimic the complex 249 

pathophysiological condition of surgical patients. Indeed, although silver-coated Dacron is 250 

superior against bacterial growth and adherence in vitro, in vivo studies have shown similar 251 

infectivity by S. aureus using silver-coated and non-coated prosthesis in a porcine model of 252 

end-to-end grafting of the infrarenal aorta,26 and silver-coated polyester failed to prevent S. 253 

aureus growth in a mouse model.25 It has been suggested that the collagen fiber structure of 254 

pericardium serves as a scaffold for cellular colonization and neovascularization, which might 255 

facilitate antibiotic diffusion and response to antimicrobial therapy.27, 28 However, whether or 256 

not porcine pericardial tubes show lower infection rates and biofilm formation in vivo remains 257 

to be tested. Biofilm constitution not only hampers the efficacy of antimicrobial therapies, it 258 

also allows microorganisms to escape humoral and cellular host defense mechanisms.29 259 
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Therefore, it will be important to address whether porcine pericardium influences in vivo the 260 

biofilm formation and infectivity of microorganisms, particularly yeasts. 261 

In conclusion, stapled porcine pericardium displayed a lower susceptibility to infection 262 

by bacteria and yeasts in vitro when compared to the native and sutured porcine pericardium. 263 

The creation of pericardial tubes with staples is easy, rapid, and immediately sealed after 264 

declamping. Moreover, the inner surface is perfectly regular without any folding usually seen 265 

after suturing. These observations support the usage of stapled porcine pericardium over 266 

sutured pericardium to replace infected vascular grafts, especially in emergency conditions, 267 

and depending on the local preferences.  268 
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Figure Legends 367 

 368 

Figure 1. Images of graft material used in the present study. 369 

 370 

Figure 2. Planktonic growth and adherence of E. coli to graft material. Graft material was 371 

incubated at 37 °C in medium containing 105 CFU E. coli. Bacterial growth and adherence to 372 

the grafts were quantified after 6 h of incubation. Data are scatter dot plots with mean ± 373 

interquartile range. The horizontal dotted line on growth graphs indicates the inoculum at time 374 

0. Data were analyzed using one-way ANOVA followed by Tukey’s multiple comparisons test. 375 

***p ≤ .001; ****p ≤ .0001; ####p ≤ .0001 vs all other groups. Full datasets of statistics are given 376 

in supplementary Tables. 377 

 378 

Figure 3. Planktonic growth and adherence of S. aureus to graft material. Graft material 379 

was incubated at 37 °C in medium containing 105 CFU S. aureus. Bacterial growth and 380 

adherence to the grafts were quantified after 6 h and 24 h of incubation. Data are scatter dot 381 

plots with mean ± interquartile range. The horizontal dotted line on growth graphs indicates 382 

the inoculum at time 0. Data were analyzed using one-way ANOVA followed by Tukey’s 383 

multiple comparisons test. *p ≤ .05; **p ≤ .01; ***p ≤ .001; ****p ≤ .0001. ####p ≤ .0001 vs all 384 

other groups. ap ≤ .0001 vs. Dacron and sutured pericardium. bp < .01 vs stapled pericardium. 385 

cp < .001 vs. pericardium. Full datasets of statistics are given in supplementary Tables. 386 

 387 

Figure 4. Planktonic growth and adherence of S. epidermidis to graft material. Graft 388 

material was incubated at 37 °C in medium containing 105 CFU S. epidermidis. Bacterial 389 

growth and adherence to the grafts were quantified after 6 h and 24 h of incubation. Data are 390 

scatter dot plots with mean ± interquartile range. The horizontal dotted line on growth graphs 391 

indicates the inoculum at time 0. Data were analyzed using one-way ANOVA followed by 392 

Tukey’s multiple comparisons test. *p ≤ .05; **p ≤ .01; ***p ≤ .001; ****p ≤ .0001. ###p ≤ .001; 393 
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####p ≤ .0001 vs. medium, Dacron and pericardium. ap < .001 vs. medium and pericardium.bp 394 

< .01 vs. Dacron and sutured pericardium. cp < .001 vs. stapled pericardium.  N.D.: not 395 

detected. Full datasets of statistics are given in supplementary Tables. 396 

 397 

Figure 5. Growth of S. aureus and S. epidermidis in the presence of staples. S. aureus 398 

and S. epidermidis were incubated at 37 °C in medium containing or not staples. Bacterial 399 

growth was quantified after 6 and 24 h. Data are scatter dot plots with mean ± interquartile 400 

range.  401 

 402 

Figure 6. Planktonic growth and adherence of C. albicans to graft material. Graft material 403 

was incubated at 30 °C in medium containing 105 CFU C. albicans. Yeast growth and 404 

adherence to the grafts were quantified after 6 h and 24 h of incubation. Data are scatter dot 405 

plots with mean ± interquartile range. The horizontal dotted line on growth graphs indicates 406 

the inoculum at time 0. Data were analyzed using one-way ANOVA followed by Tukey’s 407 

multiple comparisons test. *p ≤ .05; **p ≤ .01; ***p ≤ .001; ****p ≤ .0001. ####p ≤ .0001 vs all 408 

other groups. Full datasets of statistics are given in supplementary Tables. 409 

  410 
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Figure 2 417
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Figure 3 422
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Figure 4 425
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Figure 5 430

 431

 432
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Figure 6 435
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Supplementary Tables 438 

 439 

 440 

Table S1: E. coli growth after 6 h of incubation 441 

E. coli growth  6h 
Tukey's multiple comparisons test Adjusted P Value 
Medium vs. Pericardium 0.0002 *** 
Medium vs. Stapled pericardium 0.0365 * 
Medium vs. Sutured pericardium <0.0001 **** 
Medium vs. Dacron 0.998 ns 
Medium vs. Dacron Silver <0.0001 **** 
Pericardium vs. Stapled 
pericardium 

0.4594 ns 

Pericardium vs. Sutured 
pericardium 

0.5388 ns 

Pericardium vs. Dacron 0.0008 *** 
Pericardium vs. Dacron Silver <0.0001 **** 
Stapled vs. Sutured pericardium 0.0247 * 
Stapled pericardium vs. Dacron 0.0965 ns 
Stapled pericardium vs. Dacron Silver <0.0001 **** 
Sutured pericardium vs. Dacron <0.0001 **** 
Sutured pericardium vs. Dacron Silver <0.0001 **** 

 442 

Table S2: E. coli adherence after 6 h of incubation 443 

E. coli adherence 6h 
Tukey's multiple comparisons test Adjusted P Value 
Pericardium vs. Stapled pericardium 0.6154 ns 
Pericardium vs. Sutured 
pericardium 

0.8134 ns 

Pericardium vs. Dacron <0.0001 **** 
Pericardium vs. Dacron Silver <0.0001 **** 
Stapled vs. Sutured pericardium 0.1645 ns 
Stapled pericardium vs. Dacron <0.0001 **** 
Stapled pericardium vs. Dacron Silver <0.0001 **** 
Sutured pericardium vs. Dacron <0.0001 **** 
Sutured pericardium vs. Dacron Silver <0.0001 **** 
Dacron vs. Dacron Silver <0.0001 **** 

 444 

Table S3: S. aureus growth after 6 and 24 h of incubation 445 

S. aureus growth 6h 24h 
Tukey's multiple comparisons test Adjusted P Value Adjusted P Value 
Medium vs. Pericardium 0.054 ns 0.9994 ns 
Medium vs. Stapled pericardium 0.0002 *** 0.0006 *** 
Medium vs. Sutured pericardium 0.8163 ns >0.9999 ns 
Medium vs. Dacron 0.9993 ns 0.9987 ns 
Medium vs. Dacron Silver <0.0001 **** <0.0001 **** 
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Pericardium vs. Stapled 
pericardium 

0.3271 ns 0.0002 *** 

Pericardium vs. Sutured 
pericardium 

0.516 ns 0.9989 ns 

Pericardium vs. Dacron 0.0234 * >0.9999 ns 
Pericardium vs. Dacron Silver <0.0001 **** <0.0001 **** 
Stapled vs. Sutured pericardium 0.0076 ** 0.0007 *** 
Stapled pericardium vs. Dacron <0.0001 **** 0.0002 *** 
Stapled pericardium vs. Dacron Silver 0.002 ** <0.0001 **** 
Sutured pericardium vs. Dacron 0.6163 ns 0.9976 ns 
Sutured pericardium vs. Dacron Silver <0.0001 **** <0.0001 **** 
Dacron vs. Dacron Silver <0.0001 **** <0.0001 **** 

 446 

Table S4: S. aureus adherence after 6 and 24 h of incubation 447 

S. aureus adherence 6h 24h 
Tukey's multiple comparisons test Adjusted P Value Adjusted P Value 
Pericardium vs. Stapled 
pericardium 

0.2746 ns 0.0068 ** 

Pericardium vs. Sutured 
pericardium 

0.833 ns 0.9857 ns 

Pericardium vs. Dacron 0.0188 * 0.1652 ns 
Pericardium vs. Dacron Silver 0.0136 * <0.0001 **** 
Stapled vs. Sutured pericardium 0.0366 * 0.0018 ** 
Stapled pericardium vs. Dacron 0.0001 *** <0.0001 **** 
Stapled pericardium vs. Dacron Silver 0.358 ns 0.0336 * 
Sutured pericardium vs. Dacron 0.18 ns 0.3844 ns 
Sutured pericardium vs. Dacron Silver 0.0019 ** <0.0001 **** 
Dacron vs. Dacron Silver <0.0001 **** <0.0001 **** 

 448 

Table S5: S. epidermidis growth after 6 and 24 h of incubation 449 

S. epidermidis growth 6h 24h 
Tukey's multiple comparisons test Adjusted P Value Adjusted P Value 
Medium vs. Pericardium 0.9506 ns >0.9999 ns 
Medium vs. Stapled pericardium <0.0001 **** <0.0001 **** 
Medium vs. Sutured pericardium 0.6387 ns >0.9999 ns 
Medium vs. Dacron 0.079 ns <0.0001 **** 
Medium vs. Dacron Silver <0.0001 **** <0.0001 **** 
Pericardium vs. Stapled 
pericardium 

<0.0001 **** <0.0001 **** 

Pericardium vs. Sutured 
pericardium 

0.9841 ns >0.9999 ns 

Pericardium vs. Dacron 0.4015 ns <0.0001 **** 
Pericardium vs. Dacron Silver 0.0002 *** <0.0001 **** 
Stapled vs. Sutured pericardium <0.0001 **** <0.0001 **** 
Stapled pericardium vs. Dacron <0.0001 **** 0.0002 *** 
Stapled pericardium vs. Dacron Silver 0.2872 ns <0.0001 **** 
Sutured pericardium vs. Dacron 0.8057 ns <0.0001 **** 
Sutured pericardium vs. Dacron Silver 0.001 ** <0.0001 **** 
Dacron vs. Dacron Silver 0.0224 * 0.0923 ns 

 450 

Table S6: S. epidermidis adherence after 6 and 24 h of incubation 451 
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S. epidermidis adherence 6h 24h  
Tukey's multiple comparisons test Adjusted P Value Adjusted P Value 
Pericardium vs. Stapled 
pericardium 

 nd 0.0002 *** 

Pericardium vs. Sutured 
pericardium 

0.1313 ns 0.5534 ns 

Pericardium vs. Dacron 0.1552 ns <0.0001 **** 
Stapled vs. Sutured pericardium  nd 0.0052 ** 
Stapled pericardium vs. Dacron 0.9693 ns 0.0779 ns 
Sutured pericardium vs. Dacron  nd <0.0001 **** 

 452 

Table S7: C. albicans growth after 6 and 24 h of incubation 453 

C. albicans growth 6h 24h 
Tukey's multiple comparisons test Adjusted P Value Adjusted P Value 
Medium vs. Pericardium 0.0002 *** 0.0613 ns 
Medium vs. Stapled pericardium <0.0001 **** 0.2958 ns 
Medium vs. Sutured pericardium <0.0001 **** 0.9634 ns 
Medium vs. Dacron 0.9986 ns 0.9098 ns 
Medium vs. Dacron Silver <0.0001 **** 0.6738 ns 
Pericardium vs. Stapled 
pericardium 

<0.0001 **** 0.0002 *** 

Pericardium vs. Sutured 
pericardium 

<0.0001 **** 0.0076 ** 

Pericardium vs. Dacron 0.0006 *** 0.0043 ** 
Pericardium vs. Dacron Silver <0.0001 **** 0.8926 ns 
Stapled vs. Sutured pericardium >0.9999 ns 0.7762 ns 
Stapled pericardium vs. Dacron <0.0001 **** 0.8744 ns 
Stapled pericardium vs. Dacron Silver <0.0001 **** 0.0206 * 
Sutured pericardium vs. Dacron <0.0001 **** >0.9999 ns 
Sutured pericardium vs. Dacron Silver <0.0001 **** 0.2606 ns 
Dacron vs. Dacron Silver <0.0001 **** 0.1887 ns 

 454 

Table S8: C. albicans adherence after 6 and 24 h of incubation 455 

C. albicans adherence 6h 24h 
Tukey's multiple comparisons test Adjusted P Value Adjusted P Value 
Pericardium vs. Stapled 
pericardium 

0.0924 ns 0.0006 *** 

Pericardium vs. Sutured 
pericardium 

0.9959 ns 0.1566 ns 

Pericardium vs. Dacron 0.0003 *** <0.0001 **** 
Pericardium vs. Dacron Silver 0.3326 ns 0.0468 * 
Stapled vs. Sutured pericardium 0.0408 * 0.1896 ns 
Stapled pericardium vs. Dacron 0.1819 ns <0.0001 **** 
Stapled pericardium vs. Dacron Silver 0.9954 ns 0.8006 ns 
Sutured pericardium vs. Dacron <0.0001 **** <0.0001 **** 
Sutured pericardium vs. Dacron Silver 0.1937 ns 0.9092 ns 
Dacron vs. Dacron Silver 0.1508 ns <0.0001 **** 
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