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THE ROLE OF BACTERIAL BIOFILMS IN CHRONIC RHINOSINUSITIS 

 

 

 

 

This thesis embodies research investigating the role that bacterial biofilms play in the 
pathogenesis of chronic rhinosinusitis (CRS). It focuses on their detection on the sinus 
mucosa of CRS patients and the implications of their presence. Finally, it addresses 
deficiencies in the innate immune system that may predispose to their development in this 
condition. 
 
Bacterial biofilms are structural assemblages of microbial cells that encase themselves in a 
protective self-produced matrix and irreversibly attach to a surface. Their extreme resistance 
to both the immune system as well as medical therapies has implicated them as playing a 
potential role in the pathogenesis of many chronic diseases. Although their role in many 
diseases is now well established, their objective presence and importance in CRS remains 
largely unknown.   
 
Chapter 1 of this thesis reviews the current literature pertaining to CRS and biofilms and 
critically evaluates the small body of research relating to this topic. 
 
Chapter 2 describes the development of a sheep model to study the role of bacterial biofilms 
in rhinosinusitis. It compares the use of traditional electron microscopy (EM) and more recent 
confocal scanning laser microscopy (CSLM) in the detection of biofilms on the surface of 
sinus mucosa. The results of this study inferred a causal relationship between biofilms and the 
macroscopic changes that accompany rhinosinusitis. Furthermore it illustrated the superiority 
that CSLM has over EM in the imaging of biofilms on sinus mucosa 
 
Chapter 3 and 4 outline the results of human studies utilizing the more objective CSLM to 
evaluate the prevalence of bacterial biofilms on the sinus mucosa of CRS patients and their 
effect on post-operative mucosal healing. The results of these studies demonstrated a biofilm 
prevalence of approximately 50% in the CRS population studied and suggested, that biofilm 
presence may predispose to adverse post-operative outcomes following sinus surgery.  
 
Chapter 5 and 6 describe experiments examining the level of the innate immune system’s 
anti-biofilm peptide lactoferrin, in patients with CRS. Lactoferrin was found to be down-
regulated at both an mRNA and protein level in the majority of CRS patients, with biofilm 
positive patients demonstrating the most significant reduction. 
 
In summary, this thesis provides further evidence that bacterial biofilms play a major role in 
the pathogenesis and disease persistence in a subset of CRS patients. Deficiencies in 
components of the innate immune system, such as lactoferrin, may play an important role in 
the predisposition of certain individuals to the initial development of bacterial biofilms. 
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CRS   - Chronic Rhinosinusitis 

EM  -Electron Microscopy 

CSLM  -Confocal Scanning Laser  

                               Microscopy 

mRNA  -Messenger Ribosomal Nucleic Acid 

GP  -General Practionner 

RCT  -Randomized Control Trial 

FESS    -Functional Endoscopic Sinus  

                              Surgery 

ESS  -Endoscopic Sinus Surgery 

NA  -Not available   

CNS  -Coagulase Negative Staphylococci 

SA   -Staphylococcus aureus  

SP   -Streptococcus pneumoniae  

GNR   -Gram Negative Rods  

SV   -Streptococcus viridans  

PA   -Pseudomonas aeruginosa  

H inf  -Haemophilus influenza. 

DIC   -Differential Interference Contrast  

PCR  -Polymerase Chain Reaction 

MHC  -Major Histocompatability Complex 

Th1  -T Helper Cell 1 

Th2  -T Helper Cell 2 

SEA  -Staphylococcal Enterotoxin A 

SEB  -Staphylococcal Enterotoxin B 

IgG  -Immunoglobulin G  

CRS/NP               -Chronic Rhinosinusitis with Nasal   

                              Polyposis 

TSST-1               -Toxic Shock Syndrome Toxin 1 

EPS  -Exopolysaccaride matrix 

Bap  -Biofilm associated proteins 

PIA  -Polysaccharide Intercellular  

                              Adhesin  

MDR  -Multidrug efflux pumps   

CAM  -Cationic Antimicrobial Peptides 

OME  -Otitis Media with Effusion 

ELISA  -Enzyme linked immunosorbent  

                              assay  

HPRT  -Hypoxanthine-guanine  

                               phosphoribosyltransferase 

Ct  -Cycle threshold 

 

FISH  -Fluorescent In Situ Hybridization 

OSA  -Obstructive Sleep Apnoea 

TEM  -Transmission Electron Microscopy 

SEM  -Scanning Electron Microscopy 

PMN  -Polymorphonuclearcytes 

HSV  -Herpes Simplex Virus 

CMV  -Cytomegalovirus 

HIV  -Human Immunodeficiency Virus 

 HBV  -Hepatitis B Virus 

HCV  -Hepatitis C Virus 

RSV  -Respiratory Synctial Virus 

LPS  -Lipopolysaccharide 

NO  -Nitric Oxide 

TNFa  -Tumour Necrosis Factor alpha 

IL8  -Interleukin 8  

NK  -Natural Killer Cells 

cDNA   -Complementary  strand DNA 

CF   -Cystic Fibrosis 

ATCC  -American Type Culture Collection 

MQ  -Milli-Q 

PBS  -Phosphate buffered solution 

RAST  -Radioallergosorbent testing 

CT  -Computerized tomography 

ICC  -Interobserver correlation coefficient 

AFS  -Allergic Fungal Sinusitis  

NAFES                -Non Allergic Fungal Eosinophilic       

                              sinusitis 

NANFES  -Non allergic, Non Fungal            

                              Eosinophilic sinusitis  

OR  -Odds Ratio 

C.I.  -Confidence Interval 

VAS  -Visual Analogue Scale 

CSS  -Chronic sinusitis survey 

qRT-PCR  -Quantitative real-time reverse- 

                              transcriptase polymerase chain            

                              reaction   

LF  -Lactoferrin 
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