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INTRODUCTION

Chronic rhinosinusitis (CRS) is a very common con-
dition and, although there are an abundant number 
of studies on this topic, there still are uncertainties 
when it comes to understanding its pathophysiology 
and the correct therapeutic attitudes. In fact, Ben-
ninger et al. suggested, in a recent article, that CRS is 
a medical disorder of mucosal inflammation which af-
fects the nose and sinuses, lasting at least three 
months, with numerous, disparate and frequently 
overlapping potential causes1-2. The role of infection is 
very controversial in rhinology, but with a recognized 
importance in recalcitrant chronic rhinosinusitis3-4. 
Recent studies argue the presence of the biofilm, espe-
cially in the case of pathogenesis of refractory CRS. 
Topical nasal steroids, saline lavage and antibiotics are 
the usual treatment in the management of CRS. Func-
tional endoscopic sinus surgery (FESS) represents the 
easiest surgical treatment method with many advan-
tages over more conventional techniques, like Cald-
well-Luc and others5. The purpose of this method is to 
reestablish the normal function of the sinus, normal 
ventilation, and ciliary clearance6. The outcomes after 

FESS depend on CRS pathogenesis and on the thera-
peutic route after surgical treatment. This is why it is 
essential to understand biofilm interactions, the mi-
crobial organism behaviour and the ability of microor-
ganism components to detach and disperse7,8. 

BIOFILM: STRUCTURE AND FUNCTION 

During the 18th century, Robert Koch was the au-
thor of an essential work that formed the source of 
modern microbiology, and that explained the rela-
tionship between bacterial microorganisms and dis-
eases.  For the first time, these sessile communities, 
bacterial aggregates that live on the human body, were 
described and named in 1978, while later direct ex-
amination demonstrated that the biofilm had a com-
plex and individual structure, different from their 
planktonic counterparts 9-12. 

Biofilm represents an organized community of bac-
teria, which live on both the mucosal surface and for-
eign body, and are resistant to difficult conditions of 
life, controlled by different genetic pathways depend-
ing on growth conditions and exposure to membrane-
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targeting antibiotics10,11. Their structural composition 
is characterized by a three-dimensional complex with 
a cell component (±15% of their volume), matrix ma-
terial (±85% of their volume) represented by polysac-
charides, nucleic acids, proteins and extracellular 
DNA and a rich network of ramifying water chan-
nels12,13. The structure of biofilms is sophisticated, the 
distribution of the cells in the matrix being remarka-
ble as well. It could be concluded that the matrix com-
ponents may dictate these cells’ precise location. The 
structure and the function of biofilms are coordinated 
through regulatory signals, like hormones or phero-
mones, identified for the first time in 199814. 

Stoodley et al. have demonstrated that these bacte-
rial aggregates have the possibility of moving, by creep-
ing properties, under the influence of regulatory sig-
nals, and enhance the biofilm’s survival and viru-
lence9-17.

A variety of bacteria, which are called fixed nasal 
floras, normally not pathogenic floras, can live in a 
normal nasal cavity. It can be formed of common aero-
bic bacteria like Staphylococcus, Enterobacter, 
Corynebacterium diphtheroids, Pseudomonas aerugi-
nosa. Anaerobic bacteria could also be found, like 
Peptostreptococcus, Prevotella melaninogenica and 
Propionibacterium. Corynebacterium diphtheroids 
and B catarrhalis are found, as normal bacterial flora, 
in the respiratory tract, with a non pathogenic charac-
ter.  Frequently, Staphylococcus aureus and Strepto-
coccus pneumonia are considered pathogens, and 
form nasal biofilms. Sanderson et al. show in a recent 
study that the Haemophilus influenzae is the most pre-
dominant species, in combination with biofilms of S. 
aureus and S. pneumonia, which are also present, but 
to a lesser degree. The balance between normal flora 
and pathogens creates a local resistance against the 
invasion of foreign pathogens and stimulates the 
body’s immune defense18-20. 

For a better understanding of biofilm action, we 
need to know the formation and the maturation of 
these sessile communities. In the presence of a sup-
portive nutrient, that promotes the replication of bac-
teria, the trigger event is the adhesion of planktonic 
bacteria to a mucosal surface. This event is determined 
and supported by reversible physical forces. If the sta-
bility of the bacteria on this surface is not immediately 
stopped, or the antimicrobial defence of this surface 
is not strong enough, a phenotypic change that per-
mits powerful connections, by means of adhesins, will 
take place. After that, the adhesion of extra bacteria to 
the surface is facilitated, with the formation of bacte-
rial colonies. The attachment of bacteria itself initiates 
the synthesis of an extracellular matrix with protective 
properties. The continual adhesion of other bacteria 
and the cellular division ensure the continued growth 
and maturation of the biofilm, with a powerful archi-

tecture of microcolonies and channels21-23. Research 
on biofilm maturation emphasizes an important phe-
nomenon about the acyl-homoserine lactone signals, 
which are generated by individual bacterial cells, hav-
ing the potential to gather and determine the appear-
ance of explicit collections of genes8.

From an evolutionary approach, bacteria from bio-
films have a number of strong points to stay alive and 
prokaryotic continuation. Life in the form of bacterial 
aggregates is safer, and so is the opportunity to act and 
to collaborate together, and more than that, to use in 
common hereditary material with other cells. Also, 
biofilms are actually not so vulnerable to the influence 
of the environment, for example ultra-violet emission, 
dryness, fluctuation of pH and osmolarity24. In this 
context, it was in the 1970s that Characklis studied bio-
films in industrialized water facilities and highlighted 
their obstinacy and strength in front of disinfectants, 
for example chlorine25.

BIOFILM AND CHRONIC DISEASE 

The human body nestles from 10 to 100 trillion mi-
crobes which play a fundamental role in our well-be-
ing, so defining a healthy microbial state is a critical 
step for discovering how variations in the microbiome 
may contribute to or cause a wide range of diseases23. 
Following the latest developments in the field, scien-
tists began to understand and explain the influence of 
bacterial biofilms in case of persistent diseases. By con-
trast with acute infections, caused by bacteria pre-
sented exclusively in planktonic type, biofilms are ex-
tremely able of causing persistent feedbacks from the 
immune system, creating a persistent infection that 
might be better considered “tenacious survival” more 
willingly than hostile virulence2. Biofilms prefer inert 
surfaces, necrotic tissue or medical devices, grow 
slowly with silent symptoms and can live in one or 
more locations. The host’s reaction is prompt, stimu-
lating the production of antibodies, which cause com-
plex damage to surrounding tissue, and the cellular 
and humoral immune reactions can rarely eradicate 
the biofilm infection8. The structure of biofilm is fa-
vourable to a decline of the oxygen and nutrient gradi-
ent, from periphery to center, which determines the 
fall of the metabolic gradient in the same way; also, the 
resistance of antibiotics and the capacity of native and 
adaptive host defences are compromised. These char-
acteristics explain the implication of the biofilm in 
persistent and recurrent infectious diseases13,24. As 
such, biofilms play an important role in the pathogen-
esis of many human body infections like otitis media, 
chronic prostatitis, pneumonia, line sepsis, osteomy-
elitis, periodontal disease and recurrent recalcitrant 
or persistent CRS or just CRS8,26. 
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BIOFILMS AND CRS 

One of the most common chronic diseases in the 
field of rhinology, CRS affects 4 to 28% of the Euro-
pean and US populations and has many socio-eco-
nomic implications. The patient’s quality of life is al-
tered because of at least two symptoms: nasal conges-
tion or nasal discharge (anterior/posterior nasal drip) 
and nasal blockage, to which one can add facial pain, 
headache and decreased sense of smell27. 

CRS is one of the most frequent pathologies met at 
nasal and paranasal level, an important role being 
played by inflammatory changes occurring to the osti-
omeatal complex, composed by maxillary sinus ostia, 
anterior ethmoidal cells and their ostia, ethmoid in-
fundibulum, hiatus semilunaris and middle meatus. 
These changes affect the mucociliary clearance and 
patent ostia, causing hypoxia, mucosal congestion, 
ciliary epithelial damage, pH alteration, increased se-
cretions and bacterial proliferation28,29.

A variety of factors were found to be involved in 
CRS pathogenesis, such as histopathology, tissue re-
shaping, ciliary dysfunction and epithelial barrier mal-
function, inflammatory cell and T cell patterns 30-32.

The role of infection as a potential pathophysio-
logic mechanism in CRS has been a source of consid-
erable debate in rhinology33. Hochstim, Joung at al. 
demonstrated that bacterial biofilms are strongly as-
sociated with persistent mucosal inflammation, for a 
longer period of time34,35.

The microbiology of CRS is polymicrobial, and the 
predominant organisms reported include Staphylococ-
cus aureus, coagulase negative Staphylococcus, H. in-
fluenzae and various gram-negative organisms, such as 
Pseudomonas aeruginosa, Escherichia coli, and Steno-
trophomonas maltophilia20,36-39. Trifillis et al., in a 1998 
study, described different degrees of denudation for 

mucosal changes in CRS, which can cause favourable 
conditions for biofilm formation40. The surface rough-
ness and hydrophobicity are frequently met conditions 
in CRS; also, ample food supply and favourable tem-
perature are positive factors for biofilms development41.

The objective evidence of CRS is provided through 
anterior rhinoscopy, endoscopy or CT. Anterior rhinos-
copy can recognize polyps, purulent leakage or poly-
poid modifications, mucosal abnormalities, confirmed 
through nasal endoscopy. Mucosal malformations of 
the middle meatus are identified through nasal endos-
copy and CT (Figure 1). Imagistic investigations, like 
CT or MRI, offer more information about the osti-
omeatal complex or sinuses; MRI is moreover explicit 
and is not suggested for the diagnosis of regular CRS27.

To highlight the presence of biofilm in a wound, 
scientific evidence is needed, represented by micros-
copy visualization. A series of staining and molecular 
procedures include the staining for extracellular poly-
meric substances, like calcofluor white/ethidium bro-
mide, Congo red/Ziehl carbol fuchsin, safranine/
FITC-ConA, and DAPI/PAS. Peptide nucleic acid–flu-
orescence in situ hybridization is a molecular tech-
nique which can identify bacterial aggregates in host 
tissue42-44. Electron microscopy and confocal laser 
scanning microscopy represent the methods fre-
quently used in previous studies. James et al. found 
that electron microscopy of biopsies from chronic 
wounds is significantly populated by dense bacterial 
aggregates (60% of the specimens) by comparison to 
fewer bacteria (6%) in the case of biopsies from acute 
wounds45. Those interpretations could clarify the prog-
nosis for recalcitrant CRS or the different evolution in 
the case of chronic versus acute wound healing42,44. 
Hematoxylin and eosin staining is a cheap and handy 
method for detecting biofilms in CRS, that could pre-
dict the evolution after FESS (Figure 2).  
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Figure 1 CT scan of the paranasal sinuses Figure 2 Hematoxylin and eosin staining
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MANAGEMENT OF CRS WITH BIOFILM 
IMPLICATION

Systemic antibiotics
The occurrence of biofilms in CRS may have con-

siderable influence on therapy attitude, as it is known 
that bacteria that form biofilms are commonly re-
sistant to typical forms of antimicrobial therapy42. The 
mechanisms of antimicrobial resistance are not com-
pletely understood, but it is presently known that the 
biofilm matrix is resistant to usual antimicrobial 
agents. The main objectives for antimicrobial treat-
ment efficacy are to reestablish sinus ventilation and 
mucociliary clearance, to kill pathogenic bacteria. 
Thereby, we concentrate our attention on topical 
chemical and mechanical treatments. The goal of an-
tibiotics is to treat especially acute exacerbations of 
CRS. Antibiotics are usually prescribed for 2 – 4 weeks, 
and supply broad-spectrum coverage beside the patho-
gens described previously22,44. A number of studies un-
derline the resistance of antibiotic for isolates in bio-
films. The most common is methicillin-resistant S. 
aureus, also important is vancomycin-resistant Entero-
coccus, and rarely met multidrug-resistant Acinetobac-
ter baumannii. 

Macrolide therapy for CRS, in low doses, is consid-
ered unique for its anti-inflammatory properties. It 
has recently been demonstrated that Clarithromycin 
therapy alters the structure of biofilms22,35,45. Also, 
moxifloxacin administered at levels approaching min-
imal inhibitory concentration can determine a signifi-
cant reduction (99%) in the number of lively bacteria 
in a controlled in vitro mature Staphylococcus aureus 
biofilm. Ceri et al. demonstrated that Pseudomonas 
biofilms are susceptible to minimal inhibitory concen-
tration of gentamicin and very susceptible to ceftazi-
dime and piperacillin46. Recent studies show that 
mupirocin treatment can significantly reduce all S. 
aureus isolates22. It can be assumed that this treatment 
for Staphylococcus aureus biofilms could have an im-
portant role.

Topical treatment 
Saline lavage is a good option for topical treatment 

in CRS, while in CRS with bacterial biofilm it could 
also be maintained as a good treatment option, be-
cause the polymers that compose the extracellular 
polymeric substance have a good solubility in water. 
So, it is expected that the biofilm will disperse into the 
saline solution when we apply it to the nasal mucosa. 
But many biofilms are resistant to saline lavage, the 
best example is that of Pseudomonas aeruginosa bio-
films – due to the calcium-ion bridging that cross-links 
mannuronic/guluronic acids, the biofilm dispersion is 
prevented, this making saline irrigations inefficacious. 
However, theoretical advantages of saline lavage are 

the reestablishment of the mucociliary flow, the mu-
cosa hydration, and the mucosa cleaning from toxic 
and irritative substances22,47,48. 

Topical antibiotics therapy is an alternative to sys-
temic antibiotherapy, having the goal to deliver the 
antibiotics at the sinus mucosa surface. In this case, 
concentration may be adjusted. 

In vivo rabbit models of maxillary sinusitis, Ceri et 
al. attempted to eradicate Pseudomonas mucosal 
biofilms with high concentrations of topical tobramy-
cin, but the results underline a persistence of live 
bacteria at the sinus mucosa surface49,50. A recent 
study shows that topical irrigations with mupirocin 
can significantly reduce all S. aureus isolates. It can 
be assumed that this treatment for Staphylococcus 
aureus biofilms could have an important role22. Also, 
in a recent study, Ezzat et al. reported a significant 
improvement in patients after treatment with topical 
ofloxacin49. 

Topical corticosteroids are strongly recommended 
as well, but evidence is moderate. A real recommen-
dation of this treatment is justified in the case of CRS 
with polyps, which is associated with a great risk of 
biofilm formation, and for which the reduction of 
inflammation has been shown. Optimal action of 
corticosteroids is evident during the immediate post-
surgical period, when the opened sinuses are associ-
ated with an optimal penetration inside the sinus 
cavities, and the application is better to the sinus mu-
cosa. A diversity of corticosteroid delivery methods 
to the paranasal sinuses exists, such as steroid drops, 
and, with a high utilization, atomizers and steroid 
irrigations. With a highly efficient area of action (es-
pecially the middle meatus), a combination of bude-
sonide and saline is commonly used in the treatment 
of refractory disease49,50.

 
Surgical treatment 
For patients with refractory symptoms, which persist 

after appropriate medication has been administered, 
surgery represents the key in the management of CRS 
with bacterial biofilm. FESS has as goals to remove pol-
yps, pus or debris from the sinus, to reestablish good 
sinus ventilation, smooth drainage, and to promote its 
mucosal, morphologic and functional improvement 
and recovery12,50,51 (Figure 3).

It is important to have a proactive attitude during 
the immediate post-surgical period, because only rig-
orous post-surgery attention and hygiene, including 
crust debridement, removal of secretions, saline la-
vage and prolonged use of topical corticosteroid 
sprays can lead to a proper healing of the wound51. 

However, a serious challenge for clinicians remains 
the fact that biofilms persist after treatment, and may 
cause the unfavourable outcomes of CRS surgery. 
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CONCLUSIONS

Biofilm has an important role in persistent and re-
current symptoms after FESS, in the case of CRS that 
is unresponsive to intense medical management. Bac-
teria that compose biofilms are frequently met on the 
surface of wounds and are considered to have an im-
portant role in the incapacity of these wounds to heal. 
Further studies are needed to ascertain the clinical 
factors influenced by biofilms in CRS patients and to 
identify the factors that affect the formation and treat-
ment of biofilms.

Acknowledgements: This paper was published 
under the frame of the European Social Fund, Human 
Resources Development Operational Programme 
2007-2013, project no.POSDRU/159 /1.5 /S/ 138776.

Conflict of interest: The authors have no conflict of 
interest.

Contribution of authors: All authors have equally 
contributed to this work.

REFERENCES

1. Benninger M.S., Ferguson B.J., Hadley J.A., Hamilos D.L., Jacobs M., 

Kennedy D.W., Lanza D.C., Marple B.F., Osguthorpe J.D., Stankiewicz 

J.A., Anon J., Denneny J., Emanuel I., Levine H. - Adult chronic rhinosi-

nusitis: definitions, diagnosis, epidemiology, and pathophysiology. 

Otolaryngol Head Neck Surg., 2003;129(3 Suppl):S1-32.

2. Foreman A., Boase S., Psaltis A., Wormald P.J. - Role of bacterial and 

fungal biofilms in chronic rhinosinusitis. Curr Allergy Asthma Rep., 

2012;12(2):127-35. 

3. Thanasumpun T., Batra P.S. - Endoscopically-derived bacterial cultures in 

chronic rhinosinusitis: A systematic review. Am J Otolaryngol., 2015. pii: 

S0196-0709(15)00096-4. doi: 10.1016/j.amjoto.2015.04.010.

4. Ren F., Niu Y., Wang Y. - Refractory chronic rhinosinusitis and bacterial 

biofilm. Lin Chung Er Bi Yan Hou Tou Jing Wai Ke Za Zhi., 

2013;27(20):1160-1162.

5. Chopra H., Khurana A.S., Munjal M., Due K. – Role of F.E.S.S. in chronic 

sinusitis. Indian J Otolaryngol Head Neck Surg., 2006;58(2):137-140.

6. Khalil H.S., Nunez D.A. - Functional endoscopic sinus surgery for chronic 

rhinosinusitis. Cochrane Database Syst Rev., 2006 Jul 19;(3):CD004458.

7. Al-Mutairi D., Kilty S.J. - Bacterial biofilms and the pathophysiology of 

chronic rhinosinusitis. Curr Opin Allergy Clin Immunol., 2011;11(1):18-

23. doi: 10.1097/ACI.0b013e3283423376.

8. Costerton J.W., Stewart P.S., Greenberg E.P. - Bacterial biofilms: a com-

mon cause of persistent infections. Science., 1999;284(5418):1318-1322.

9. Costerton W., Veeh R., Shirtliff M., Pasmore M., Post C., Ehrlich G. - The 

application of biofilm science to the study and control of chronic bacte-

rial infections. J Clin Invest., 2003;112(10):1466-1477.

10. Donlan R.M., Costerton J.W. - Biofilms: survival mechanisms of clinically 

relevant microorganisms. Clin Microbiol Rev., 2002;15(2):167–193.

11. Hamilos D.L. - Host-microbial interactions in patients with chronic rhi-

nosinusitis. J Allergy Clin Immunol., 2014;133(3):640-653.e4. doi: 

10.1016/j.jaci.2013.06.049. Epub 2013 Nov 28. 

12. You H., Zhuge P., Li D., Shao L., Shi H., Du H. - Factors affecting bacte-

rial biofilm expression in chronic rhinosinusitis and the influences on 

prognosis. Am J Otolaryngol., 2011;32(6):583-590. doi: 10.1016/j.am-

joto.2010.11.017 Epub 2011 Feb 11.

13. Tamashiro E., Antunes M.B., Palmer J.N., Cohen N.A., Anselmo-Lima 

W.T. - Implications of bacterial biofilms in chronic rhinosinusitis. Braz J 

Infect Dis., 2009;13(3):232-235.

14. Davies D.G., Parsek M.R., Pearson J.P., et al. - The involvement of cell-to-

cell signals in the development of a bacterial biofilm. Science., 

1998;280(5361):295–298.

15. Rupp C.J., Fux C.A., Stoodley P. - Viscoelasticity of Staphylococcus aureus 

biofilms in response to fluid shear allows resistance to detachment and 

facilitates rolling migration. Appl Environ Microbiol., 2005;71(4):2175-

2178. doi: 10.1128/AEM.71.4.2175-2178.2005.

16. Stoodley P., Wilson S., Hall-Stoodley L., Boyle J.D., Lappin-Scott H.M., 

Costerton J.W. - Growth and detachment of cell clusters from mature 

mixed-species biofilms. Appl Environ Microbiol., 2001;67(12):5608-5613.

17. de Beer D., Stoodley P., Roe F., Lewandowski Z. - Effects of biofilm struc-

tures on oxygen distribution and mass transport. Biotechnol Bioeng., 

1994;43(11):1131–1138.

18. Kirtsreesakul V., Tuntaraworasin J., Thamjarungwong B. - Microbiology 

and antimicrobial susceptibility patterns of commensal flora in the mid-

dle nasal meatus. Ann Otol Rhinol Laryngol., 2008;117(12):914-918.

19. Gordts F., Halewyck S., Pierard D., et al. - Microbiology of the middle 

meatus: a comparison between normal adults and children. J Laryngol 

Otol., 2000;114(3):184-188.

20. Sanderson A.R., Leid J.G., Hunsaker D. - Bacterial biofilms on the sinus 

mucosa of human subjects with chronic rhinosinusitis. Laryngoscope., 

2006;116(7):1121-1126.

21. Costerton J.W., Geesey G.G., Cheng G.K. - How bacteria stick. Sci Am., 

1978;238(1):86–95.

22. Kilty S.J., Desrosiers M.Y. - The role of bacterial biofilms and the patho-

physiology of chronic rhinosinusitis. Curr Allergy Asthma Rep., 

2008;8(3):227-233.

23. Ursell L.K., Clemente J.C., Rideout J.R., Gevers D., Caporaso J.G., Knight 

R. - The interpersonal and intrapersonal diversity of human-associated 

microbiota in key body sites. J Allergy Clin Immunol., 2012;129(5):1204-

1208. doi: 10.1016/j.jaci.2012.03.010.

24. Hall-Stoodley L., Costerton J.W., Stoodley P. - Bacterial biofilms: from the 

natural environment to infectious diseases. Nat Rev Microbiol., 

2004;2(2):95-108. doi: 10.1038/nrmicro821.

Figure 3 Surgical treatment - FESS



208 Romanian Journal of Rhinology, Vol. 5, No. 20, October - December 2015

25. Characklis W.G. - Attached microbial growths-II. Frictional resistance to 

microbial slimes. Water Res., 1973;7(9):1249-1258.

26. Ramadan H.H., Sanclement J.A., Thomas J.G. - Chronic rhinosinusitis 

and biofilms. Otolaryngol Head Neck Surg., 2005;132(3):414-417.

27. Dlugaszewska J., Leszczynska M., Lenkowski M., Tatarska A., Pastusiak T., 

Szyfter W. - The pathophysiological role of bacterial biofilms in chronic 

sinusitis. Eur Arch Otorhinolaryngol., 2015 May 30. [Epub ahead of 

print]

28. Fokkens W.J., Lund V.J., Mullol J., Bachert C., et al. – EPOS 2012: 

European position paper on nasal polyps 2012. A summary for otorhi-

nolaryngologists. Rhinology., 2012;50(1):1-12. doi: 10.4193/Rhno50E2.

29. Galli J., Calo L., Ardito F., Imperiali M., Bassotti E., Passali G.C., La Torre 

G., Paludetti G., Fadda G. - Damage to ciliated epithelium in chronic 

rhinosinusitis: what is the role of bacterial biofilms? Ann Otol Rhinol 

Laryngol., 2008;117(12):902–908.

30. Van Crombruggen K., Zhang N., Gevaert P., Tomassen P., Bachert C. - 

Pathogenesis of chronic rhinosinusitis: inflammation. J Allergy Clin 

Immunol., 2011;128(4):728-732. doi: 10.1016/j.jaci.2011.07.049. Epub 

2011 Aug 24.

31. Wang X., Du J., Zhao C. - Bacterial biofilms are associated with inflamma-

tory cells infiltration and the innate immunity in chronic rhinosinusitis 

with or without nasal polyps. Inflammation., 2014;37(3):871-879. doi: 

10.1007/s10753-013-9807-8.

32. Thomas M., Yawn B.P., Price D., Lund V., Mullol J., Fokkens W; European 

Position Paper on Rhinosinusitis and Nasal Polyps Group. - EPOS 

Primary Care Guidelines: European Position Paper on the Primary Care 

Diagnosis and Management of Rhinosinusitis and Nasal Polyps 2007 — a 

summary. Prim Care Respir J., 2008;17(2):79–89. doi: 10.3132/

pcrj.2008.00029.

33. Klossek J.M., Dubreuil L., Richet H., Beutter P. - Bacteriology of chronic 

purulent secretions in chronic rhinosinusitis. J Laryngol Otol., 

1998;112(12):1162–1166.

34. Hochstim C.J., Masood R., Rice D.H. - Biofilm and persistent inflamma-

tion in endoscopic sinus surgery. Otolaryngol Head Neck Surg., 

2010;143(5):697–698. doi: 10.1016/j.otohns.2010.07.017.

35. Jung J.H., Cha H.E., Kang I.G., Kim S.T. - Clinical characteristics of bio-

films in patients with chronic rhinosinusitis: a prospective case-control 

study. Indian J Otolaryngol Head Neck Surg., 2015;67(1):1-6. doi: 

10.1007/s12070-014-0707-5. Epub 2014 Feb 9.

36. Grindler D., Thomas C., Hall G.S., Batra P.S. - The role of 

Stenotrophomonas maltophilia in refractory chronic rhinosinusitis. Am 

J Rhinol Allergy., 2010;24(3):200–204. doi: 10.2500/ajra.2010.24.3466.

37. Sanclement J.A., Webster P., Thomas J., Ramadan H.H. - Bacterial bio-

films in surgical specimens of patients with chronic rhinosinusitis. 

Laryngoscope., 2005;115(4):578–582.

38. Ferguson B.J., Stolz D.B. - Demonstration of biofilm in human bacterial 

chronic rhinosinusitis. Am J Rhinol., 2005;19(5):452–457.

39. Bendouah Z., Barbeau J., Hamad W.A., Desrosiers M. - Use of an in vitro 

assay for determination of biofilm-forming capacity of bacteria in chronic 

rhinosinusitis. Am J Rhinol., 2006;20(5):434–438.

40. Biedlingmaier J.F., Trifillis A. - Comparison of CT scan and electron mi-

croscopic findings on endoscopically harvested middle turbinates. 

Otolaryngol Head Neck Surg., 1998;118(2):165–173.

41. Donlan R. - Biofilms: microbial life on surfaces. Emerg Infect Dis., 

2002;8(9):881–890.

42. Percival S.L., Hill K.E., Williams D.W., Hooper S.J., Thomas D.W., 

Costerton J.W. - A review of the scientific evidence for biofilms in wounds. 

Wound Repair  Regen. ,  2012;20(5) :647-657.  doi : 

10.1111/j.1524-457X.2012.00836.x.

43. James G.A., Swogger E., Wolcott R., Pulcini E., Secor P., Sestrich J., 

Costerton J.W., Stewart P.S. - Biofilms in chronic wounds. Wounds Repair 

Regen., 2008;16(1):37–44. Epub 2007 Dec 13.

44. Rajiv S., Drilling A., Bassiouni A., James C., Vreugde S., Wormald P.J. - 

Topical colloidal silver as an anti-biofilm agent in a Staphylococcus au-

reus chronic rhinosinusitis sheep model. Int Forum Allergy Rhinol., 

2015;5(4):283-288. doi: 10.1002/alr.21459. Epub 2015 Jan 30.

45. Wozniak D.J., Keyser R. - Effects of subinhibitory concentrations of mac-

rolide antibiotics on Pseudomonas aeruginosa. Chest., 2004;125(2 

Suppl):62S–69S; quiz 69S.

46. Ceri H., Olson M.E., Stremick C., Read R.R., Morck D., Buret A. - The 

Calgary Biofilm Device: new technology for rapid determination of anti-

biotic susceptibilities of bacterial biofilms. J Clin Microbiol., 

1999;37(6):1771–1776.

47. Desrosiers M., Myntti M., James G. - Methods for removing bacterial bio-

films: in vitro study using clinical chronic rhinosinusitis specimens. Am J 

Rhinol., 2007;21(5):527–532.

48. Desrosiers M.Y., Kilty S.J. - Treatment alternatives for chronic rhinosi-

nusitis persisting after ESS: what to do when antibiotics, steroids and 

surgery fail. Rhinology., 2008;46(1):3-14.

49. Ezzat W.F., Fawaz S.A., Rabie H., Hamdy T.A., Shokry Y.A. - Effect of 

topical ofloxacin on bacterial biofilms in refractory post-sinus surgery 

rhino-sinusitis. Eur Arch Otorhinolaryngol., 2014 Oct 29. [Epub ahead 

of print]

50. Manes R.P., Batra P.S. - Etiology, diagnosis and management of chronic 

rhinosinusitis. Expert Rev Anti Infect Ther., 2013;11(1):25-35. doi: 

10.1586/eri.12.151.

51. Wood A.J., Douglas R.G. - Pathogenesis and treatment of chronic rhi-

nosinusitis. Postgrad Med J., 2010;86(1016):359-364. doi: 10.1136/

pgmj.2009.094813.


