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BACTERIAL ADHESION 

Bacterial adhesion occurs to virtually all surfaces exposed to an aqueous 

environment and leads to the subsequent growth of a biofilm. Biofilms may be 

beneficial, for instance in bio-remediation and trickle filters, or deleterious when 

formed on the surfaces of heat exchanger plates and ship hulls and on biomedical 

devices [1-3]. Because bacterial infections associated with biofilms cannot easily 

be cured by antibiotic therapy, biomaterial associated infections are one of the 

main reasons for the failure of devices such as catheters, vascular grafts, joint 

prostheses, and heart valves [4-6]. Therefore, the mechanisms and kinetics of 

bacterial adhesion onto surfaces are a critical issue in a broad range of scientific 

disciplines, ranging from medicine, dentistry and microbiology to colloid and 

surface science. 

FLOW DISPLACEMENT SYSTEMS  

Flow displacement systems to study the kinetics of bacterial adhesion to surfaces 

under controlled hydrodynamic conditions have been well established [7-12]. 

Observation of bacterial adhesion in these systems can be accomplished by 

conventional phase contrast, metallurgical or fluorescence microscopy and can be 

supported by real-time automated enumeration of adhering bacteria [10-12]. 

The methodology of microscopic monitoring of bacterial adhesion is based 

on the hypothesis that adhering bacteria are homogenously distributed over the 

entire substratum and that bacterial adhesion can be characterized based on 

microscopic observations on small localized areas of around 200  300 µm. 

Bacterial adhesion within a flow chamber is a complex dynamic process, including 
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bacterial mass transport toward the substratum, bacteria-surface interaction and 

subsequent attachment and detachment. Heterogeneities have proven to be 

ubiquitously present, not only on bacterial cell [13-14] and substratum surfaces 

[15], but also in hydrodynamic and mass transport conditions prevailing over the 

length and width of a flow chamber [16]. Therefore macroscopic approaches, 

averaging out these heterogeneities, will be attractive to gain more 

comprehensive knowledge about bacterial mass transport and adhesion in flow 

displacement systems. 

MACROSCOPIC FLUORESCENCE IMAGING 

Along with bioluminescence imaging, macroscopic fluorescence imaging has 

emerged recently as a promising technique for the study of bacterial infection in 

vivo on a macro-scale (i.e. with a resolution > 0.3 mm) [17-20]. In studying 

bacterial infection, fluorescence imaging can be categorized into two main 

methodologies. Firstly, bacteria can be detected directly when fluorescence is 

originating from bacteria or activated by bacteria. Secondly, fluorescence imaging 

can be used to assess the immune system activity, an indirect way of measuring 

bacterial presence in living hosts. Within each of the two methodologies, 

fluorescence can emanate from activatable [21] or targeted fluorescent probes 

[22] or, as a second modality, fluorescence can be expressed by fluorescence 

proteins within bacteria or immune cells. Many different variations of green 

fluorescent protein have been developed via natural evolution, and recently 

fluorophores have become available for a large number of emission colors in the 

visible spectrum and near infrared [23-26]. It is nowadays increasingly easy to 

genetically modify pathogenic bacteria and make them fluorescent, which makes 



Chapter 1  

4 

 

 

this modality suitable for in vivo and in vitro bacterial adhesion studies. Moreover, 

in vitro it allows the study of bacterial adhesion over a much larger substratum 

area than can be achieved by microscopic observations when used in combination 

with macroscopic imaging. Macroscopic fluorescent imaging is accomplished by 

trans-illumination or reflection at single or multiple excitation wavelengths and 

subsequent detection using a charge-coupled device, after which the signal 

intensity can be quantitatively related with the number of bacterial cells over the 

entire field of view.  

AIMS OF THIS THESIS 

The first aim of this thesis is to develop an in vitro macroscopic fluorescence 

imaging method to study bacterial adhesion in flow displacement systems. Based 

on an analysis of bacterial mass transport in Chapter 2, a new methodology for 

the analysis of bacterial mass transport and adhesion on both transparent, non-

transparent and reflective materials in a parallel plate flow chamber will be 

established in Chapters 3 and 4.  

In addition, fluorescence imaging in flow chambers offers an elegant way 

of studying the narrow contact area between bacteria and metal substrata and its 

development over time. Fluorescence arising from fluorescent material close to a 

reflecting surface is increased due to a phenomenon called “surface enhanced 

fluorescence” [27, 28]. Therefore, as a second aim of this thesis, we set out in 

Chapters 4 and 5 to gain information on the contact area between adhering 

bacteria and substratum surfaces, making use of the phenomenon of surface 

enhanced fluorescence.  
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