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GENERAL   D I S CUSS ION

The number one cause of implant failure is infection. At the moment, the general 
treatment for biomaterial-associated infections starts with implant removal, 
followed by debridement and a long antibiotic treatment to mitigate the bacterial 
infection and finally the placement of a new implant1,2. This makes treatment of 
implant infections costly, with treatment outcomes often being unsatisfactory due 
to bacterial and biofilm resistance to conventional antibiotics. In addition, bacteria 
can thrive in tissue surrounding an implant even in the presence of antibiotics2,3. 
Therefore, in this thesis, we explored the possibilities of alternative, antibiotic-
complementary preventive measures against implant associated infections without 
posing a negative impact on the biocompatibility of the implant. It was established 
that biomaterial hydrophobicity and the production of nucleases influenced the 
biofilm 3D structure and bacterial density in vitro (Chapter  2). Studies with 
a murine model were utilized to provide in vivo representative evidence that 
targeting nucleases can aid in the fight against biomaterial-associated infections 
(Chapter 3). We also provided evidence suggesting that a pNIPMAM nanogel 
coating and a PEAs coating provided short-term (7 days) and long term (14 days) 
resistance to bacterial colonization respectively, while eliciting an acceptable host 
immune response in vivo (Chapters 5 and 6).

The race for the surface in vivo

The implant fate after surgery is determined by the generally accepted race for the 
surface concept, which states there is a direct competition between bacteria and 
host cells for binding on an implant surface4. If bacteria adhere to the surface of 
the implant before host cells do, an infection is established, whereas if host cells 
interact as the first player in the scene with the surface of the implant, the implant 
is protected from bacterial infection4–6. For the implant to be protected from 
bacterial infection, there ought to be an optimum host integration which requires 
intimate interactions between host cells and implant surface5,7,8. Bacteria are in a 
better position of winning this race because recruitment and specific interactions 
of host cells with implants are relatively slow and begin as early as 2-3 days after 
implantation and can still be ongoing 6 weeks post implantation6,7,9. The pNIPMAM 
nanogel coating was successful at delaying in vivo bacterial adhesion by at least 
7 days. However, the nanogel did not encourage recruitment of host cells and 
even delayed macrophage function (Chapter 5). In contrast, the PEAs coating 
encouraged the recruitment of macrophages, thus, the long-term prevention of 
biomaterial-associated infection (Chapter 6). However, it is not clear whether 
recruited macrophages in the vicinity of the PEAs coating underwent intimate 
interactions with the PEAs surface, forming a cover of macrophages or just formed 
a defensive front near the surface. In future research, the application of scanning 
electron microscopy in combination with immunohistochemistry in order to 
assess the interaction between macrophages and infecting bacteria will prove 
more resourceful than fluorescence imaging as the issue of altered fluorescence 
properties of biomaterials in vivo, as observed in Chapter 6, will be avoided.
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Effect of surface hydrophobicity on bacterial adhesion in vivo and tissue 
interaction 

Biofilm formation, whether in vitro or in vivo, commences with bacterial adhesion. 
In Chapter 2, the absence of plasma proteins during bacterial adhesion implied 
that bacteria interacted with the original solid surface and therefore surface 
hydrophobicity influence genetic changes associated with biofilm growth. However, 
in vivo, bacteria interact with a biomaterial dependent adsorbed protein layer on 
implanted biomaterials. Even with the presence of a protein layer, the surface 
hydrophobicity of a biomaterial still influences adhesion10. Here, hydrophobic 
PVDF and PLGAs will show different affinities for the multitude of plasma proteins 
than hydrophilic PEAs. Additionally, proteins interact tightly with hydrophobic 
surfaces leading to conformational changes that expose usually hidden epitopes 
and vice versa11,12. Differences in the amount and conformation of adsorbed 
plasma proteins as influenced by surface hydrophobicity, will reflect in differential 
bacterial adhesion as different plasma proteins contribute differently to bacterial 
adhesion, with albumin contributing the least while fibronectin promotes bacterial 
adhesion13,14. The above statements suggests that the surface hydrophobicity of 
PEAs and PLGAs impacted bacterial adhesion after an adsorbed conditioning 
layer of plasma proteins. Therefore, it would have been interesting to establish the 
effect of surface hydrophobicity of bacterial adhesion in vivo and to investigate 
how nuclease expression is impacted by surface hydrophobicity, making use of 
chemically identical biomaterials such as glass, S. aureus clinical isolates that lack 
the constitutive expression of nucleases and the same in vitro system that was 
utilized in Chapter 2 but including plasma proteins.

A general trend that was observed in this thesis is that hydrophobic surfaces, 
namely PLGAs and PVDF, elicited a more intense foreign body response, 
characterized by higher fibrotic encapsulation, than observed for the hydrophilic 
PEAs coating. On the contrary, a more intense tissue response, determined by a 
higher influx of neutrophils, as observed in the exposure to the highly hydrophilic 
pNIPMAM-coating rather than the uncoated PVDF and this tissue response was 
quickly resolved by day 14 (Chapter 5). However, the super hydrophilic nature 
of the pNIPMAM coating showed no formation of foreign body giant cells but 
rather promoted the presence of mononuclear cells which has been reported 
to improve tissue integration15. For future research, covalent attachment of the 
pNIPMAM coating to ensure long term antifouling efficacy, coupled with a longer 
implantation time in mice will elucidate the capacity of the pNIPMAM to allow 
tissue integration.

Biofilm EPS components in vivo

Biofilm components are relevant as potential targets to destabilize the integrity 
of the biofilm structure. For example, DNAse powder is utilized to destabilize 
biofilms in the airways of cystic fibrosis patients which are characterized by 
a high content in extracellular DNA16,17. The exact composition of the EPS in in 
vivo biofilms has not often been investigated. However, observations in Chapter 
3. have given some clues to the EPS components of S. aureus biofilms in soft 
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tissues. Aside proteoglycans and mucins, indicated by the buildup of alcian 
blue stain, myeloperoxidase was shown to be a vital component of biofilm EPS 
in vivo. Interestingly, myeloperoxidase derived from the extrusion of neutrophil 
extracellular traps was found to be accumulated in biofilms as well, without 
significant deleterious effect as described in Chapter 3. The driving force behind 
the accumulation of myeloperoxidase in detectable biofilms is not clear. However, 
this observation implies that myeloperoxidase plays a structural role, as host 
proteins can be incorporated in biofilms. Myeloperoxidase can even contribute 
to protecting available biofilm extracellular DNA from nuclease-mediated 
degradation via electrostatic interactions, as myeloperoxidase easily binds 
heparin, a polyanion similar to DNA18,19. It appears that release of myeloperoxidase 
via neutrophil degranulation or extrusion of neutrophil extracellular traps occurs 
around microcolonies when bacteria are estimated to win the race for the surface 
and neutrophil recruitment is delayed20. Supporting the notion that neutrophil 
extracellular traps are potentially more effective against planktonic bacteria than 
against biofilms.

Immunodetection of bacteria as an additional control for bioluminescence 
imaging and CFU counting

In this thesis, we employed bio-optical imaging in combination with CFU counting 
in order to monitor bacterial burden in vivo therewith including both metabolically 
active and non-active but culturable bacteria21–24. The bioluminescent signal and 
CFU values recorded in this thesis correlated with immunodetected bacteria in 
cases where bacterial adhesion on the biomaterial surface was not impaired 
(Chapter 3). However, in the case of using an antifouling pNIPMAM coating on 
biomaterials, immunodetected bacteria did not correlate with bioluminescence 
and CFU counts (Chapter 5). In such cases, immunohistochemistry served 
as a verification method for the antifouling effect of the nanogel coating. We 
strongly believe that a biomaterial-associated infection, where bacteria are 
prevented from adhering on the surface of the implant to form biofilms, will still 
be characterized by a lower efficiency of bacterial clearance even without biofilm 
formation due to the presence of the biomaterial and the biomaterial-associated 
immune response. Immunodetection of bacteria using antibodies need to be 
considered as an additional verification method, especially in studies where the 
efficacy of antifouling treatments is analyzed. Employing immunodetection of 
bacteria could also facilitate in elucidating discrepancies that sometimes occur in 
bioluminescent and CFU values in the in vivo evaluation of antimicrobial efficacy 
against biomaterial-associated infections25.

Biocompatibility

Fibrous encapsulation resulting from the foreign body response may lead to a loss 
of implant functionality. For instance, the collagenous, avascular fibrotic capsule 
limits the influx of analytes to and from implanted glucose sensors9,11. As a result, 
the maximum functional lifetime for commercial glucose sensors is 7-14 days, 
whereas effective long-term monitoring of blood glucose may reduce the chances 
of developing diabetes related complications like blindness, heart diseases and 
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kidney failure among others9,12,13. Therefore, glucose sensors need to be replaced 
every 7-14 days. It is evident that an extension of the sensor lifetime will have a 
dramatic effect in cost reduction and patient benefit. In this thesis, it was apparent 
that increased recruitment of macrophages around PEAs was coupled with a 
decrease in fibrosis (Chapter 6) while initial apoptosis of macrophages eventually 
led to increased fibrotic encapsulation (Chapter 3 and 5), realizing that these 
observations were done on different polymer systems. In addition to this, bacterial 
infections did not augment collagen deposition as determined by Masson’s 
trichrome staining (Chapter  5) and 2-photon microscopy (Chapter  6). The 
effect of an infection on collagen deposition requires longer periods of observation 
as bacterial infections delay the chronic phase of the foreign body response and by 
indication delays fibrotic encapsulation. Therefore, analyzing collagen deposition 
for 14 days post implantation (Chapter 5 and Chapter 6), may not be adequate 
to see any changes in collagen deposition as fibrotic encapsulation is estimated to 
appear around 4 weeks post implantation even under sterile conditions. In some 
earlier reports26,27, a strong retention of Biebrich scarlet acid fuchsin by tissue has 
been shown to be indicative of the presence of toughened collagen which could 
have been the case in Chapter 5 and in turn implies that the virulent nature of 
invading bacteria impact collagen density (S. aureus Newman in Chapter 5 is 
more virulent than S. aureus Xen36 in Chapter  6). Furthermore, degradable 
implants such as PEAs and PLGAs (Chapter 6) discourage collagen toughening 
in comparison to non-degradable PVDF surgical meshes under bacterially infected 
conditions, which can be an inherent advantage of biodegradable polymers over 
the non-degradable ones.

Future Perspectives 

Although years of research has deepened our understanding of biofilm formation, 
biomaterial design, the foreign body response and biomaterial-associated 
infections, the latter still occur. Several surface modifications, ranging from 
antifouling coatings, contact-killing and antimicrobials releasing coatings, have 
been developed in an attempt to prevent biomaterial-associated infections by 
laying emphasis on abolishing bacterial or protein adhesion. As a direct result of 
this thesis pNIPMAM coatings can be incorporated with compounds that function 
to block nuclease activity and thereby add to the armory of modern implant 
designs to combat bacterial infections. Consequently, caution should be applied 
with the daily dose of DNAse powder to reduce sputum viscosity in cystic fibrosis 
patients as this can boost S. aureus biofilm formation, especially when the patient 
harbours or receives a biomedical implant. This is because S. aureus is commonly 
associated with cystic fibrosis and can possibly disseminate via hematogenous 
spread as a consequence of pulmonary-vascular leakage induced by enzymes 
produced by Pseudomonas aeruginosa28–30. Results from our study also indicate 
that novel coatings should also focus on modifications that promote macrophage 
recruitment near the implant site to become biofilm-preventive biomaterials as 
shown for PEAs. These designs come with an added advantage of reducing fibrotic 
encapsulation, which contributes to biocompatibility.
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SUMMARY

Advancements in contemporary medicine have led to an increasing life expectancy 
which has broadened the application of biomaterial implants. The utilization of 
medical implants to either restore function after injury or disease has presented two 
main challenges that threaten long-term implant performance. First, biomaterials 
pose as a substantial risk for bacterial infections and as each implant procedure 
has an innate risk of infection, the number of biomaterial-associated infections 
keeps rising. The second problem is that the foreign body response induced by the 
implant can result in undesired fibrotic encapsulation of biomaterials. Chapter 
1 gives a brief overview of the different aspects of this biomaterial-host tissue-
bacteria interplay that were further investigated in this thesis. 

Infections are serious adverse events when associated with implanted biomaterials 
such as surgical meshes, where bacteria readily adhere to the surface and can form 
biofilms which lead to chronic infections. Staphylococcus aureus causes 34% of 
biomaterial-associated infections and contributes to the large financial loss that 
accompany nosocomial infections. The micrococcal nuclease Nuc1 enzyme limits 
biofilm formation via cleavage of eDNA, a structural component of the biofilm 
matrix. Solid surface hydrophobicity influences bacterial adhesion forces and may 
as well influence eDNA production. Therefore, in Chapter 2, it was hypothesized 
that the impact of Nuc1 activity is dependent on surface characteristics of 
solid surfaces. For this reason, we investigated the influence of solid surface 
hydrophobicity on S. aureus Newman biofilms where Nuc1 is constitutively 
produced. To this end, biofilms of both a wild-type and a nuc1 knockout mutant 
strain, grown on glass, silanized glass and Pluronic F-127-coated silanized glass 
were analysed. Results indicated that biofilms could grow in the presence of Nuc1 
activity. Also, Nuc1 and solid surface hydrophobicity significantly affected the 
biofilm 3D-architecture. In particular, biofilm densities of the wild-type strain on 
hydrophilic surfaces appeared higher than of the mutant nuc1 knockout strain. 
Since virulence was related to bacterial cell densities, this observation suggested 
that the virulence of S. aureus Newman biofilms was increased by its nuclease 
production in particular on a hydrophilic surface.

Furthermore, S. aureus is also able to escape neutrophil extracellular traps by 
cleaving their DNA-backbone as a result of secreting micrococcal nuclease. In 
Chapter 3, the impact of micrococcal nuclease on infection persistence and biofilm 
formation was evaluated in a murine biomaterial-associated infection-model with 
polyvinylidene-fluoride mesh implants inoculated with bioluminescent S. aureus 
or its isogenic micrococcal nuclease deficient mutant. Supported by results based 
on in vivo bioluminescence imaging, ex vivo colony forming unit counts, and 
histological analyses it was found that production of micrococcal nuclease enables 
S. aureus bacteria to evade the immune response around an implant resulting 
in a persistent infection. As a novel finding, histological analyses provided clear 
indications that the production of micrococcal nuclease stimulates S. aureus to form 
biofilms, the presence of which extended neutrophil extracellular trap formation 
up to 13 days after mesh implantation. Since micrococcal nuclease production 
appeared vital for the persistence of S. aureus biomaterial-associated infection, 
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targeting its production could be a novel strategy in preventing biomaterial-
associated infections. 

With the emergence of antibiotic resistant bacteria, identification of effective 
strategies to treat biomaterial-associated infections while maintaining the 
biocompatibility is crucial. In Chapter 4, the prospects of the implementation 
of nanogel coatings to develop efficient antimicrobial systems was reviewed. 
Indeed, nanogel based antifouling coatings may reduce bacterial adhesion 
and therewith, potentially prevent implant infections. Previously, poly-N-
isopropylmethacrylamide (pNIPMAM) nanogel coatings were shown to exhibit 
excellent antimicrobial properties against S. aureus in vitro. In Chapter 5, we 
assessed the infection prevention capacity of pNIPMAM nanogel coatings on 
polyvinylidenefluoride (PVDF) meshes in a murine model with bioluminescent S. 
aureus Newman as well as the host response towards the nanogel coating for 7 and 
13 days. Histological analyses revealed that the pNIPMAM coating elicited a low-
level inflammatory response comparable to that induced by pristine PVDF at day 
13. The S. aureus Newman in vivo bioluminescence and ex vivo determined colony 
forming units were similar on both coated and uncoated filaments suggesting 
equivalent metabolic state independent of the nanogel coating. However, apoptosis 
of immune cells and biofilm formation by S. aureus Newman was limited on coated 
PVDF filaments for up to 7 days, suggesting that bacteria may be more vulnerable 
to antibiotic treatment.

Macrophages play a vital role in determining whether the outcome of the foreign 
body reaction will result in fibrotic encapsulation or tissue replacement. Fibrotic 
encapsulation, as a result of the foreign body reaction under non-infected or 
infected conditions, may severely reduce the functional lifetime of implants in vivo. 
In Chapter 6, we investigated the potential of a-amino acids-based poly(ester 
amides) as a biocompatible and infection resistant degradable biomaterial 
against poly(lactide-co-glycolides), which is a relatively biocompatible degradable 
sbiomaterial with various medical applications. The materials were applied in an 
intravital “window-on-a-mouse” model using transgenic mice that express green 
fluorescent protein in the monocyte lineage and wild type black 6 mice. S. aureus 
was inoculated directly under the window to establish an infection. During a 
bacterial infection, in vivo bioluminescence combined with ex vivo determined 
colony forming units showed that poly(ester amide) inhibited S. aureus growth 
and biofilm formation compared to poly(lactide-co-glycolides). Without bacteria, 
histological analyses and 2-photon microscopy showed that poly(ester amides) 
promoted better tissue replacement with less fibrosis than poly(lactide-co-
glycolides). It was observed that poly(ester amides) induced a mild foreign body 
reaction with little collagen deposition by increasing early macrophage interaction 
and decreasing foreign body giant cell formation 14 days post implantation. These 
results predict poly(ester amides) as a better biocompatible polymer for coating 
of medical devices compared to poly(lactide-co-glycolides). In Chapter  7, the 
findings of each study have been emphasized and suggestions have been made for 
future research and perspectives. Based on the combined results from all chapters, 
biocompatibility, tissue integration, bacterial adhesion and the in vivo biofilms are 
further discussed. 
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SAMENVATT ING

De vooruitgang in de moderne geneeskunde heeft ertoe geleid dat de 
levensverwachting toeneemt, waardoor ook de toepassing van medische implantaten 
is verbreed. Het gebruik van medische implantaten om de functie te herstellen na 
een letsel of een ziekte heeft twee grote problemen opgeleverd die de prestaties van 
implantaten op lange termijn belemmeren. Ten eerste lopen biomaterialen een 
aanzienlijk risico op bacteriële infecties en aangezien elke implantatieprocedure 
een inherent infectierisico heeft, blijft het aantal biomateriaal-geassocieerde 
infecties stijgen. Het tweede probleem is dat de vreemd lichaam reactie die wordt 
geïnduceerd door het implantaat kan leiden tot de ongewenste vorming van een 
fibreus kapsel rondom de biomaterialen. Hoofdstuk 1 geeft een kort overzicht 
van de verschillende aspecten van deze biomateriaal-gastheerweefsel-bacterie-
interacties die verder zijn onderzocht in dit proefschrift. 

Infecties zijn ernstige complicaties bij geïmplanteerde biomaterialen, bijvoorbeeld 
bij chirurgische matjes die toegepast worden bij hernia operaties. Bacteriën 
kunnen zich gemakkelijk hechten aan het oppervlak en biofilms vormen die tot 
een chronische infecties leidt. Staphylococcus aureus zorgt voor 34% van alle 
biomateriaal-geassocieerde infecties en draagt bij tot de grote financiële schade 
en het patiëntenleed die gepaard gaan met deze infecties. Het micrococcen 
nuclease enzym, Nuc1, beperkt biofilmvorming door het afbraak van eDNA dat een 
structurele component is van de biofilmmatrix. De hydrofobiciteit van het vaste 
oppervlak heeft een invloed op de bacteriële adhesiekrachten en kan eveneens 
de eDNA productie beïnvloeden. Daarom werd in Hoofdstuk  2 de hypothese 
geformuleerd dat de invloed van Nuc1 activiteit afhankelijk is van de oppervlakte-
eigenschappen van een vast substraat. Om deze reden onderzochten we de invloed 
van de hydrofobiciteit van vaste oppervlakken op S. aureus Newman biofilms waar 
Nuc1 constant wordt geproduceerd. Hiervoor werden biofilms van zowel een wild-
type stam als een nuc1-knockout mutant stam, gekweekt op glas, gesilaniseerd 
glas en Pluronic F-127-gecoat gesilaniseerd glas geanalyseerd. De resultaten 
toonden aan dat biofilms konden groeien in aanwezigheid van Nuc1 activiteit. Ook 
hadden Nuc1 en de hydrofobiciteit van het oppervlak een significante impact op de 
3D-architectuur van de biofilm. In het bijzonder bleek de dichtheid van de biofilms 
gevormd door de wild-type stam op hydrofiele oppervlakken hoger te zijn dan die 
van de mutante nuc1 knockout stam. Aangezien virulentie verband houdt met de 
dichtheid van bacteriële cellen, suggereert deze observatie dat de virulentie van S. 
aureus Newman biofilms verhoogd wordt door zijn productie van nuclease, in het 
bijzonder op een hydrofiel oppervlak.

Een deel van de virulentie van S. aureus ontstaat doordat micrococcen nuclease 
enzym S. aureus de mogelijkheid geeft te ontsnappen aan zogenoemde “neutrophil 
extracellular traps” door de DNA ketens in deze “traps” te klieven. In Hoofdstuk 
3 werd de uitwerking van het micrococcen nuclease op infectie persistentie en 
biofilm vorming geëvalueerd in een muizenmodel voor biomateriaal-geassocieerde 
infecties, gebruikmakend van onderhuids geïmplanteerde polyvinylideen fluoride 
matjes, welke geïnoculeerd werden met bioluminescente S. aureus bacterien of 
met de hiervan afgeleide isogene micrococcen nuclease deficiënte mutant stam. 



179

Chapter 7

 S

Ondersteund door resultaten gebaseerd op in vivo bioluminescentie 
beeldvorming en ex vivo aantallen kolonievormende eenheden alsmede 
histologische analyses werd gevonden dat productie van micrococcen 
nuclease S. aureus bacteriën in staat stellen om de immuunrespons rond 
een implantaat te omzeilen. Dit resulteert in een aanhoudende bacteriële 
infectie. Histologische analyses gaven voor het eerst duidelijke aanwijzingen 
dat de productie van micrococcen nuclease S. aureus stimuleert om 
biofilms te vormen, waarvan de aanwezigheid de vorming van “neutrophil 
extracellular traps” verlengde tot 13 dagen na de implantatie van het matje. 
Aangezien de productie van micrococcen nuclease van essentieel belang 
lijkt voor de persistentie van S. aureus biomateriaal-geassocieerde infectie, 
zou het tegengaan van de productie ervan een nieuwe strategie kunnen zijn 
voor de preventie van biomateriaal-geassocieerde infecties.

Met de opkomst van antibioticaresistente bacteriën, is het van cruciaal belang 
om effectieve strategieën te identificeren om biomateriaal-geassocieerde 
infecties te behandelen waarbij de biocompatibiliteit van het biomateriaal 
wordt behouden. In Hoofdstuk 4 zijn de vooruitzichten van het gebruik 
van nanogel coatings voor de ontwikkeling van efficiënte antimicrobiële 
systemen besproken. Immers, nanogel gebaseerde antifouling coatings 
kunnen bacteriële adhesie verminderen door een zogenoemd “antifouling” 
principe en daarmee mogelijke implantaat infecties voorkomen. Eerder is 
aangetoond dat poly-N-isopropylmethacrylamide (pNIPMAM) nanogel 
coatings uitstekende antimicrobiële eigenschappen bezitten tegen S. aureus 
in vitro. In Hoofdstuk  5 hebben we pNIPMAM nanogel coatings op 
polyvinylidenefluoride (PVDF) meshes onderzocht met betrekking tot hun 
capaciteit  om infecties te voorkomen. Dit gebeurde in een muizenmodel 
met bioluminescente S. aureus Newman bacteriën. De gastheerreactie op 
de nanogel coating na 7 en 13 dagen implantatie werd mede onderzocht. 
Histologische analyses toonden aan dat de pNIPMAM-coating een lage 
ontstekingsreactie opwekte die vergelijkbaar was met die van pure PVDF 
op dag 13. De bioluminescentie van S. aureus Newman in vivo en ex vivo 
bepaalde kolonievormende eenheden waren vergelijkbaar op zowel gecoate 
als niet-gecoate filamenten, wat wijst op een gelijkwaardige metabolische 
toestand onafhankelijk van de nanogel coating. Apoptose van immuuncellen 
en biofilmvorming door S. aureus Newman werd echter beperkt op gecoate 
PVDF filamenten tot 7 dagen, wat suggereert dat de bacteriën kwetsbaarder 
zijn geworden voor een behandeling met antibiotica.

Macrofagen spelen een hoofdrol bij het bepalen of de vreemd lichaam reactie 
zal leiden tot het ontstaan van een fibreus kapsel of weefselintegratie. Het 
onstaan van een fibreus kapsel, als gevolg van de vreemd lichaam reactie 
onder niet-geïnfecteerde of geïnfecteerde omstandigheden, kan de in-vivo 
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functionele levensduur van implanten sterk verkorten. In Hoofdstuk 
6 onderzochten we de potentie van de op a-aminozuren gebaseerde 
poly(ester amides) als een in potentie biocompatibel en infectie-resistent 
biomateriaal tegenover poly(lactide-co-glycolides), welke relatief vaak 
toegepaste biocompatibele biomaterialen zijn voor diverse medische 
toepassingen. De materialen werden toegepast in een intravitaal “window-
on-a-mouse “ ofwel venster-op-muis model waarbij gebruik werd gemaakt 
van transgene muizen die het groen fluorescent eiwit tot expressie brengen 
in de monocyten en daaruit afgeleide celtypen, alsmede wild type black 6 
muizen. S. aureus werd direct onder “the window” geïnoculeerd om een 
infectie tot stand te brengen. In de aanwezigheid van een bacteriële infectie, 
toonden in vivo bioluminescentie bepalingen gecombineerd met ex vivo 
bepaalde kolonievormende eenheden aan dat poly(esteramides) de groei 
en biofilmvorming van S. aureus afremde in vergelijking met poly(lactide-
co-glycolides). Zonder bacteriën, toonden histologische analyses en 
2-fotonmicroscopie aan dat poly(esteramides) een betere weefselintegratie 
met minder fibrose bevorderde dan poly(lactide-co-glycolides). Er werd 
vastgesteld dat poly(esteramides) een milde vreemd lichaam reactie met 
weinig collageenafzetting induceerde door een vroege macrofaag interactie 
te verhogen en de vorming van vreemd lichaam reuzencellen te verlagen 
na 14 dagen na de implantatieprocedure. Deze resultaten wijzen erop dat 
poly(esteramides) een biocompatibeler polymeer is voor het coaten van 
medische implantaten in vergelijking met poly(lactide-co-glycolides). In 
Hoofdstuk 7 worden de bevindingen van elke studie nader  besproken 
en worden suggesties gedaan voor toekomstig onderzoek en perspectieven. 
Op basis van de gecombineerde resultaten uit dit proefschrift worden 
biocompatibiliteit, weefselintegratie, bacteriële adhesie en de in vivo 
biofilms verder bediscussieerd in hun onderlinge samenhang.
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