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Bacterial biofilms in patients with chronic rhinosinusitis: 

a confocal scanning laser microscopy study* 

Abstract 

Background: Recent research into the pathophysiology of chronic rhinosinusitis suggests an important role for biofilms. They 

can be detected in both healthy and diseased nasal mucosa. Several different methods of detecting biofilms have been descri-

bed. This study investigates the presence of biofilm in a larger group of patients with chronic rhinosinusitis undergoing primary 

functional endoscopic surgery.

Methods: Sixty-one patients with chronic rhinosinusitis and 25 controls, with septal deviation, were included from 2010 to 2012. 

Endonasal biopsies were harvested during surgery, snap frozen in isopentane, cooled on dry ice and stored at -80oC. The samples 

were prepared with Invitrogens’ BacLight LiveDead kit, and investigaed with confocal scanning laser microscopy for the presence 

of biofilm.  

Results: In the chronic rhinosinusitis group 55/61 were biofilm positive as opposed to 14/25 in the control group. The difference 

was highly significant. The odds ratio was 7.2. 

Conclusion: Patients with chronic rhinosinusitis have a highly significant increased point prevalence of biofilms compared to 

controls.
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Introduction

Chronic rhinosinusitis (CRS) is increasingly viewed as an entity 

composed of several different subgroups of diseases. However, 

the pathogenesis of CRS is still poorly understood, resulting in a 

lack of targeted therapy for these patients (1-3).

Recently, several authors reported the presence of bacterial 

biofilm in the sinonasal mucosa in a high percentage of patients 

with CRS as opposed to healthy controls, implicating biofilms in 

the development of CRS (4-6). Biofilms in humans are recognized 

as the culprit behind a diverse array of chronic infectious disea-

ses, including infectious endocarditis, osteomyelitis and dental 

caries (7-11). 

Biofilms consists of bacterial colonies, often several species, but 

may also consist of fungi (12). The colonies are protected by an 

extracellular polymeric substance (EPS), consisting mainly of car-

bohydrates and proteins, which in large colonies are responsible 

for its slimy appearance (13). 

Bacteria within the biofilm establish gradients for nutrients and 

oxygen, and communicate by secreting peptides, a process 

called quorum sensing (14). Bacteria also exchange DNA, notably 

resistance factors to different antibiotics. These factors contri-

bute to the resilience of biofilms, making them hard to eradicate 
(15). 
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Despite the possible role of biofilms in CRS, some authors do 

not find significant differences between patients with CRS and 

controls. Indeed one group, Mladina et al. (16,17), concludes that 

the reported biofilms represent a mucociliary blanket.  

The question arises whether these reported differences could 

be caused by methodological differences amongst the groups 

investigating biofilms and CRS? Currently used methods to 

investigate biofilms in the sinonasal mucosa range from tradi-

tional light microscopy, electron microscopy to confocal laser 

microscopy (6,16-18). 

Ha et al. (19) showed that confocal microscopy is better suited 

for biofilm detection than the other available modalities, and is 

therefore the method we have chosen in this study. 

 

The primary goal of the present study was to determine the 

point prevalence of bacterial biofilms in our patients with CRS, 

after establishing a suitable methodology in a pilot study.  

Materials and methods

A cross-sectional study from 2010 to 2012 was performed in 

Akershus University Hospital, Norway. Eighty-six consecutive 

patients undergoing endonasal surgery were included. Sixty-

one patients with CRS undergoing functional endoscopic sinus 

surgery (FESS) as the experimental group, and 25 patients 

undergoing septoplasty without CRS as controls. The study was 

approved by the hospital science board and the Regional Ethics 

Committee (reference number 2009/1720b).

Inclusion and exclusion criteria are detailed in Table 1. Patients 

were diagnosed with CRS as defined by the EPOS group in 2007 

(20). Medical and surgical history, specifically regarding the use of 

nasal and systemic steroids, smoking, asthma and allergy were 

obtained. Written consent was obtained from all patients. The 

study was performed according to the Helsinki declaration. 

Tissue collection and preparation

In the CRS group, tissue samples were harvested from the 

anterior part of concha media, the uncinate process or the 

ethmoid bulla during primary sinus surgery. Mucosal samples 

in the control group were obtained from the anterior part of 

concha media. Tissue samples were immediately put on moist 

gauze and transported to the pathology department in clean 

plastic containers on ice separated by location. Bony tissue was 

removed and the sample was washed three times in millipore 

(MQ) water to remove any planktonic bacteria. Each sample was 

then snap frozen (isopentane cooled with dry ice) in a 1.8 ml 

cryotube and stored at -80oC).

 

At the day of laboratory analysis, samples were thawed at room 

temperature and washed three times in 25 ml MQ water (0.22 

micrometre filter, EMD Millipore Corporation, Billerica, MA, USA) 

for 60 seconds. They were then transferred to Eppendorf tubes 

(Eppendorf AG, Hamburg, Germany) containing 1 ml MQ water.  

1,5 μl component A (1.67 mM SYTO 9 nucleic acid stain, 1.67 mM 

propidium iodide solution in DMSO) and  1,5 μl  component B 

(1.67 mM SYTO® 9 nucleic acid stain, 18.3 mM propidium iodide 

solution  (Invitrogen`s LIVE/DEAD® BacLight™ Bacterial Viability 

Kit, Invitrogen, Burlington, Canada) followed by  10 seconds of 

stirring (IKA MS3 Digital, VWR International, Radnor, PA, USA). 

The reagents were incubated for 15 minutes in darkness on a 

Table 1. Inclusion and exclusion criteria.

CRS group included CRS Group excluded Controls included Controls excluded

Primary FESS Pregnant Septal deviation and/or concha 

media bullosa requiring surgery

Same as CRS group plus 

septal perforation

Bilateral disease Immunodeficiency Above 18 years old

Above 18 years old Reduced mucociliary clearance (eg Kartagener) Lund-Mackay CT score of zero

Antibiotics within two weeks of operation

Non-invasive fungal balls or invasive fungal 

disease

Systemic vasculitis

Granulomatous disease

Cocaine abuse

Neoplasm

Aspirin exacerbated respiratory disease
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nutating mixer (VWR International).

 

After incubation the samples were washed three times in 25 ml 

MQ water. Prior to mounting the tissue biopsies were squeezed 

gently between two microscope slides (ELKA, Karl Hecht GmbH 

& Co KG „Assistent“, Sondheim / Rhön, Germany). They were then 

mounted on a microscope slide with a drop of mounting oil 

(component C, Invitrogen`s LIVE/DEAD® BacLight™ Bacterial Vi-

ability Kit) and fitted with a cover slip (20x20 mm, 12 mm thick, 

VWR International).

 

After two to three days, visible decomposition had started and 

after one week the samples were rendered unusable. The fluo-

rescent dyes where stable up to one week after staining, thus 

tissue decomposition was the limiting factor (unpublished data). 

We stored the samples in a dark room at -20oC. Microscopy was 

therefore performed on the same day, or the day after, the tissue 

samples were prepared. We would like to point out that any bac-

terial growth occurring after preparation of the tissue will not be 

visible in the confocal microscopy, as only fluorescently marked 

tissue will light up.  

Confocal Laser Microscopy

Confocal scanning laser microscopy was performed with an 

upright Leica TCS SP2 AOBS (Leica Microsystems, Wetzlar, 

Germany). Oil immersion lenses x40 and x63 were used. The exa-

miner was blinded to patient identity and disease status. First 

the samples were scanned in the fluorescence mode, and then 

switched to confocal mode. Z-stacks were obtained in areas 

with possible biofilm. For the confocal part, the Argon laser 488 

nm laser line was used. The strength was set to 15% and PMT1 

was set to 554, PMT2 was set to 517. The strength and reception 

settings depend on the age of the laser and the thickness of the 

biopsy. Biofilms were scored when clusters of bacteria with in-

tact membranes, green colour, were present in both the x-y and 

x-z axes. Typical size of a single bacterium is 0,2 to 2 microns in 

diameter for spherical species, and 1 to 10 microns in length for 

nonspherical species. Figure 1 shows a biofilm positive sample, 

while Figure 2 shows a biofilm negative sample. Z-stacks were 

useful to form an idea of the three dimensional properties of 

the biofilms (Figure 3). With samples that the first author found 

ambiguous regarding the presence of biofilm, the whole group 

was consulted.

Statistical analyses

The data obtained in this study were analysed with SPSS 19 (IBM 

Corp. SPSS, Armonk, NY, USA). Chi-square with continuity cor-

rection and odds ratio, when comparing dichotomous data, and 

student t-test for continuous data were used. For all results a 

two-sided significance level of 5% and 95% confidence interval 

were used. 

Results

The total number of patients in the CRS group was 61, 23 fema-

les and 38 males, and median age was 40 years. There were 25 

individuals in the control group, 8 females and 17 males with a 

Figure 1. Biofilm positive (x40 objective). Epithelial cells are the large red 

structures, and the bacteria are shown as the small green dots dominat-

ing the view. 

Figure 2. Biofilm negative (x40 objective). Only epithelial cells are seen 

with no signs of bacteria. 
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median age of 40 years.

Bacterial biofilms were detected in 90% of patients with CRS, 

significantly more prevalent than controls, in which 56% were 

biofilm positive (p < 0.001, chi-square score 13.1) (Table 2).  

Patients within the CRS group had significantly higher occur-

rences of allergy (50,9% vs. 17,4%, p = 0.006) and asthma (34.0% 

vs. 8.7%, p = 0.022) than the controls. In our material, there was 

a higher rate of current smokers in the control group (34,0% vs. 

8.7%, p = 0.014) (Table 2).

Discussion

In this study a high point prevalence of biofilms in patients with 

CRS (90.2%) was found. This is higher than previously reported, 

but in line with other studies (4,18,21). A relatively high point preva-

lence of biofilms was also found in controls (56.0%), which is hi-

gher than most other studies but on level with Bezerra et al. (21). 

A possible explanation is that patients undergoing septoplasty 

were used as controls in both this and Bezerra’s study. Several 

other studies reporting low prevalence of biofilms in controls 

used subjects completely free of nasal complaints undergoing 

Figure 3. Individual slides in a z-stack, providing a 3-dimensional overview of the sample. 
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skull base surgery (4,6). This may point to a role for biofilms in the 

pathogenesis of patients with nasal obstruction without CRS. 

Further studies are needed.

In the current study, we have harvested biopsies from the 

structures surrounding the middle meatus as not all patients un-

derwent surgery of the frontal recess, posterior ethmoid cells or 

sphenoid sinus. In a later study, we plan to investigate whether 

there is an unequal distribution of biofilms in the different com-

partments of the sinonasal cavity.

We chose to follow the protocol for biofilm detection with 

confocal microscopy outlined by Psaltis et al. (6) with cryopreser-

vation instead of direct microscopy for convenience. In a later 

article, Foreman et al. (4) reported that cryopreservation gave 

results similar to direct microscopy. 

 

Research into the pathophysiology of CRS increasingly points 

out the need to differentiate several distinct subgroups; e.g. 

Samters triad, ciliary dysfunction, eosinophilia and immunode-

ficiency (1). In this study, we wanted to examine the association 

with biofilm infection in patients with CRS without these un-

derlying conditions at the time of primary rhinological surgery. 

In our opinion, a biofilm point prevalence of above 90% in this 

group strongly suggests such a connection. 

To date three main modalities are used to investigate CRS and 

biofilms: Confocal, electron and light microscopy (4,6,16-18). Light 

microscopy, which is cheap and readily accessible, has the draw-

backs of low resolution and inability to visualize the individual 

bacteria, making it hard to differentiate between biofilms and 

planktonic bacteria. Scanning electron microscopy offers great 

resolution, but is expensive and labour intensive. It is also diffi-

cult to distinguish dead bacteria in the mucociliary blanket from 

Controls CRS Group p-value Chi-square and odds ratio

No. of patients 25 61

Age; Median 40 40

Male 17 38

Female 8 23

Smokers 34.8 % 11.1 % (p = 0.014) Chi Square 6.1, OR 0.23 (0.07-0.78)

Allergy 17.4% 50.9 % (p = 0.006) Chi Square 7.5, OR 4.9 (1.5-16.5)

Asthma 8.7% 34.0% (p = 0.022) Chi Square 5.3, OR 5.4 (1.1-25.6)

Biofilm positive 56.0% 90.2% (p < 0.001) Chi Square 13.1, OR 7.2 (2.3-22.9)

Table 2. Results.

actual biofilms, which are bound irreversibly to the epithelial 

cells. We therefore speculates that this is the reason why Mladina 

et al. (16,17) found biofilms in almost all subjects, both patients and 

controls. 

Ha et al. (19) concludes that confocal microscopy is best suited for 

detection of biofilms in the sinonasal mucosa. Confocal micro-

scopy features the ability to distinguish between bacteria with 

intact cell membranes at the time of preparation, indicating vital 

bacteria, and dead bacteria with compromised cell membranes. 

Additionally, it provides the opportunity to scroll into the depth 

of the tissue sample, the z-axis, and allows an insight into the 

three dimensional properties of a suspected biofilm. On the 

downside, confocal scanning laser microscopy is expensive and 

labour intensive, and also not widely available. 

 

In conclusion, this study strengthens the mounting evidence 

of the role of biofilms in patients with CRS. The control group 

with nasal congestion without CRS had 56% biofilm positivity, 

indicating a role for biofilms in this group as well. Furthermore, 

the methodology of biofilm research in CRS should become 

more standardized in the future, and we suggests the merits of 

confocal microscopy. 

 

Further studies are needed in this area, and we plan to investi-

gate the role of biofilms in the setting of nasal polyps, inflamma-

tion associated with biofilm colonies and postoperative results 

between biofilm positive and negative subjects.
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