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Abstract
Objective: To study the presence of bacterial biofilm on the sinus mucosa of healthy individuals (controls) and
patients with chronic rhinosinusitis with or without nasal polyposis.

Methods: An analytical, prospective and observational study was conducted. Tissue samples were obtained from
the sinus mucosa. The bacteria were isolated and typified, and the material was examined for biofilm formation
using tissue culture plate, Congo red agar detection and tube methods.

Results: A total of 100 cases were analysed for the presence of biofilm. Bacterial biofilm was present in 26 of 50
disease group cases (52 per cent) and in 4 of 50 control group cases (8 per cent) (p< 0.01).

Conclusion: The presence of biofilm on the mucosa of chronic rhinosinusitis patients offers a possible cause for
the persistent inflammation, and for antibiotics resistance and antimicrobial therapy failure. These findings could
change the approach to treatment.
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Introduction
The Sinus and Allergy Health Partnership Task Force
has defined rhinosinusitis as ‘a group of disorders char-
acterised by inflammation of the mucosa of the nose
and the paranasal sinuses’.1 The International
Classification of Diseases divides rhinosinusitis into
acute and chronic forms, according to the duration of
the symptoms. Acute rhinosinusitis lasts up to 12
weeks with complete resolution of symptoms,
whereas the chronic form persists beyond 12 weeks.
Chronic rhinosinusitis is now considered a multifactor-
ial disease, associated with extrinsic or non host related
factors (e.g. allergy, asthma and aspirin intolerance;
microbial factors; osteitis; bacterial biofilm; and super
antigens), and intrinsic or host-related factors (e.g. ana-
tomical variations, immunodeficiency, ciliary dysfunc-
tion or Kartagener’s syndrome, and other associated
diseases such as cystic fibrosis).2

In the field of otolaryngology, biofilms have been
documented in cases of otitis media with effusion, cho-
lesteatoma, tonsillitis and rhinosinusitis, and on adenoids
removed from children with chronic rhinosinusitis. They
have also been isolated on some prosthetic devices, such
as tracheotomy and tympanostomy tubes, frontal recess
stents, and cochlear implants.3

Bacterial biofilm is a three-dimensional structure
composed of aggregates of bacterial cells (micro-
colonies) and the extracellular matrix released by
them, which adheres to an organic or inorganic
surface. Biofilms are defined as an organised commu-
nity of bacteria, adherent to a surface, that are contained
in an extracellular polymeric substance composed of
exopolysaccharides, nucleic acid and protein.4–7 It is
estimated that 99 per cent of all bacteria exists in
biofilm and only 1 per cent live in a free-floating
state (planktonic).8

Biofilms are highly resistant to host defence mechan-
isms, both innate and specific immunity mechanisms.
Because of their exopolysaccharide matrices and
reduced metabolic rate, they are less susceptible to
phagocytic macrophages and are resistant to antibiotics
that attack only dividing cells.9–11 The National
Institutes of Health has estimated that at least 65 per
cent of all bacterial infections in humans are related
to biofilm.9

Biofilm development is a cyclical process (Figure 1),
involving initial attachment and mature biofilm forma-
tion, followed by detachment and potential reseeding of
other parts of an implanted medical device, or perhaps
other organs and tissues in the human body.12
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Sanclement et al. demonstrated the presence of
biofilm in 24 out of 30 affected individuals and in
0 out of 4 control subjects.13 However, the authors
did not identify the organisms present within these bio-
films, nor did they establish whether the presence of
biofilm plays a role in the pathophysiology of chronic
rhinosinusitis. Mladina et al. stated that biofilm is
nothing other than a normal, otherwise abundantly
colonised, mucous blanket.14 Their study aimed to
establish whether bacterial biofilm exists exclusively
at the diseased mucosal surfaces or at the healthy
mucosa of paranasal sinuses too.
The current study was performed to determine the

presence of bacterial biofilm on the sinus mucosa
both of healthy subjects (control group) and of patients
with chronic rhinosinusitis with or without nasal polyp-
osis (disease group).

Materials and methods
This prospective, randomised study was conducted on
100 patients (50 in the control group and 50 in the
disease group), who attended the Sawai ManSingh
Hospital in Jaipur (Rajasthan, India) between
September 2011 and October 2012. Informed consent
was obtained prior to enrolment for the study.
The data collected included demographic informa-

tion, symptoms, clinical examination findings, pre-
operative medical treatment, nasal endoscopy and
pre-operative computed tomography (CT) scan find-
ings, and any history of nasal surgery. The exclusion
criteria were fungal sinusitis and rhinological granu-
lomatous disease.
Specimens were obtained intra-operatively from

normal sinus mucosa (control group) and from the

mucosa of diseased sinuses as evidenced by pre-
operative CT scans and nasal endoscopy. The
samples were immediately transported to the hospital
microbiology laboratory.
The samples were grinded and then inoculated on a

fresh agar plate (Blood agar, MacConkey agar and thio-
glycollate broth), and incubated for 24 hours at 37°C.
After incubation, the culture plates were examined for
growth. Clinical specimens were identified after
Gram staining, and standard biochemical tests were
conducted on isolated colonies on nutrient agar.
Those colonies with positive test results were further
observed to assess their ability to form biofilm, using
tissue culture plate, Congo red agar detection and
tube methods.
The tissue culture plate assay described by

Christensen et al. is the most widely used method
and has been considered the standard test for the detec-
tion of biofilm formation.15 Isolates from fresh agar
plates were inoculated in brain-heart infusion broth
with 2 per cent sucrose dispensed in 2 ml amounts in
test tubes, and incubated for 18–24 hours at 37°C in
a stationary condition. The broth with growth (visible
turbidity) was diluted 1:100 with fresh medium. The
individual wells of sterile, polystyrene, 96-well, flat-
bottom tissue culture plates (HiMedia Laboratories,
Mumbai, India) were filled with 0.2 ml aliquots of
diluted cultures. Broth on its own served as a control
to check sterility and non-specific binding of media.
The tissue culture plates were inoculated for 24

hours at 37°C. After incubation, the contents of each
well were gently removed by tapping the plates. The
wells were washed four times with 0.2 ml of phosphate
buffer saline (pH 7.2) to remove free-floating

FIG. 1

Various stages of biofilm formation.
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‘planktonic’ bacteria. Biofilm formed by adherent
‘sessile’ organisms in plates were fixed with sodium
acetate (2 per cent) for 30 minutes and stained with
crystal violet (0.1 per cent weight/volume) for 30
minutes. Excess stain was rinsed off by thoroughly
washing with deionised water, and the plates were
kept for drying.
Adherent bacterial cells usually formed biofilm on

all side wells and were uniformly stained with crystal
violet. The optical density values of stained adherent
bacteria were determined with a micro enzyme-linked
immunosorbent assay auto reader at a wavelength of
570 nm (optical density of 570 nm). These optical
density values were considered as an index of bacteria
adhering to the surface and forming biofilm.

Results
In the present study, 100 cases (50 control group and 50
disease group cases) were analysed for the presence of
biofilm. Bacterial biofilm was present in 26 out of 50
cases (52 per cent) in the disease group and in 4 of
50 cases (8 per cent) in the control group (p< 0.01)
(Table I).
Among the disease group (n= 50), 20 patients (40

per cent) had chronic rhinosinusitis, 18 (36 per cent)
had ethmoidal polyps and 12 (24 per cent) had antro-
choanal polyps. Bacterial biofilm was detected most
commonly in those with ethmoidal polyps (12 out of
18 patients; 67 per cent).
Common isolated bacteria are coagulase-positive

staphylococcus (with a previously reported rate of 24
per cent), coagulase-negative staphylococcus (20 per
cent), pseudomonas (16 per cent), Enterobacter aero-
genes (16 per cent) and Enterobacter cloacae (16 per
cent).16 In our study, coagulase-positive staphylococ-
cus was the most common bacteria (Table II).

Discussion
Chronic rhinosinusitis with or without nasal polyposis
is a multifactorial disease, but the associated persistent
inflammation is a major component of the disease. This
study demonstrates the presence of another chronic
factor, bacterial biofilm, which might contribute to
nasal mucosa damage, increase numbers of inflamma-
tory cells in the tissue, and lead to recurrent or chronic
infections, including those which are not responsive to
culture-appropriate antibiotic therapy.
Bacterial biofilm is a three-dimensional structure

made of aggregates of bacterial cells (micro-colonies)

and the extracellular matrix released by them, which
adheres to an organic or inorganic surface. It is esti-
mated that 99 per cent of all bacteria exist in biofilm
and only 1 per cent live in a free-floating state
(planktonic).8

Biofilms are highly resistant to host defence mechan-
isms, both innate and specific immunity mechanisms.
Because of their exopolysaccharides matrices and
reduced metabolic rate, they are less susceptible to
phagocytic macrophages and are resistant to antibiotics
that attack only dividing cells.9–11

Sanclement et al. demonstrated the presence of
biofilm in 24 out of 30 affected individuals and in
0 out of 4 control subjects.13 Galli et al. demonstrated
the presence of biofilm in 10 of 24 affected individuals
(42 per cent); there was no evidence of biofilm in the
control group (n= 20).17

In the present study, 100 cases were analysed for the
presence of biofilm. Bacterial biofilm was present in 26
out of 50 disease group cases (52 per cent) and in 4 out
of 50 control group cases (8 per cent).

• This study aimed to determine the presence of
bacterial biofilm on the sinus mucosa of
healthy individuals and chronic rhinosinusitis
patients

• Bacterial biofilm was present in 26 out of 50
disease group cases and in 4 out of 50 control
group cases (p< 0.01)

• The most common organism found was
coagulase-positive staphylococcus (14 per
cent)

In our study, the common organisms (based on the total
number of disease group isolates, n= 50) were coagu-
lase-positive staphylococcus (14 per cent) and entero-
bacteriacae (14 per cent), followed by pseudomonas
(10 per cent), coagulase-negative staphylococcus (10
per cent) and hafnia (4 per cent).
This study shows that biofilm is not only present in

chronic rhinosinusitis patients but may also exist in
patients who are free of sinus diseases. However, the

TABLE I

PRESENCE OF BIOFILM IN CONTROL AND DISEASE
GROUPS

Group Positive biofilms (n (%))

Control∗ 4 (8)
Disease∗ 26 (52)

∗Total n=50

TABLE II

BIOFILM PRODUCTION OF ISOLATED BACTERIA

Organism Isolates
(n)∗

Positive on biofilm
(n (%†))

Coagulase-negative
staphylococcus

10 5 (10)

Coagulase-positive
staphylococcus

12 7 (14)

Pseudomonas 8 5 (10)
Enterobacter aerogenes 8 4 (8)
Enterobacter cloacae 6 3 (6)
Proteus mirabilis 2 0 (0)
Hafnia 2 2 (4)
Acinetobacter 2 0 (0)

∗Total n=50. †Percentages based on total number of isolates
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presence of biofilm on healthy control samples may
simply reflect colonies of bacteria.

Conclusion
The presence of biofilm on the mucosa of patients with
chronic rhinosinusitis offers a possible cause for the
persistent inflammation, and for antibiotics resistance
and antimicrobial therapy failure. These findings
could change the approach to treatment.
Our study demonstrated the presence of biofilm on

the mucosa of healthy sinuses. However, the presence
of biofilm on healthy control samples implies that the
biofilm may simply be colonies of bacteria.

Acknowledgements
The authors wish to thank Dr Rajani Sharma (Professor in
the Department of Microbiology, Sawai ManSingh
Medical College, Jaipur, India) and Dr Vijay Laxmi Meena
(resident at the same institution) for their excellent technical
assistance in completing the work.

References
1 Lanza DC, Kennedy DW. Adult rhinosinusitis defined.

Otolaryngol Head Neck Surg 1997;117:S1–7
2 Benninger MS, Ferguson BJ, Hadley JA. Adult chronic rhinosi-

nusitis: definitions, diagnosis, epidemiology, and pathophysi-
ology. Otolaryngol Head Neck Surg 2003;129(3 suppl):S1–32

3 Manning SC. Basics of biofilm in clinical otolaryngology. Ear
Nose Throat J 2003;82(suppl 2):18–20

4 Chole RA, Faddis BT. Anatomical evidence of microbial bio-
films in tonsillar tissues: a possible mechanism to explain chron-
icity. Arch Otolaryngol Head Neck Surg 2003;129:634–6

5 Chole RA, Faddis BT. Evidence for microbial biofilms in cho-
lesteatomas. Arch Otolaryngol Head Neck Surg 2002;128:
1129–33

6 Palmer JN. Bacterial biofilms: do they play a role in chronic
sinusitis? Otolaryngol Clin North Am 2005;38:1193–201

7 Post JC, Stoodley P, Hall-Stoodley L, Ehrlich GD. The role of
biofilms in otolaryngologic infections. Curr Opin Otolaryngol
Head Neck Surg 2004;12:185–90

8 Zernotti ME, Angel Villegas N, Roques Revol M, Baena-
Cagnani CE, Arce Miranda JE, Paredes ME et al. Evidence of
bacterial biofilms in nasal polyposis. J Investig Allergol Clin
Immunol 2010;20:380–5

9 Potera C. Forging a link between biofilms and disease. Science
1999;283:1837–9

10 Amorena B, Gracia E, Monzón M, Leiva J, Oteiza C, Pérez M
et al. Antibiotic susceptibility assay for Staphylococcus aureus
in biofilms developed in vitro. J Antimicrob Chemother 1999;
44:43–55

11 Monzón M, Oteiza C, Leiva J, Lamata M, Amorena B. Biofilm
testing of Staphylococcus epidermidis clinical isolates: low per-
formance of vancomycin in relation to other antibiotics. Diagn
Microbiol Infect Dis 2002;44:319–24

12 Costerton JW, Montanaro L, Arciola CR. Biofilm in implant
infections: its production and regulation. Int J Artif Organs
2004;28:1062–8

13 Sanclement JA, Webster P, Thomas J. Bacterial biofilm in sur-
gical specimens of patients with chronic rhinosinusitis.
Laryngoscope 2005;115:578–82

14 Mladina R, Poje G, Vukovi K, Risti M, Musi S. Biofilm in nasal
polyps. Rhinology 2008;46:302–7

15 Christensen GD, Simpson WA, Younger JA, Baddour LM,
Barrett FF, Melton DM et al. Adherence of coagulase-negative
staphylococci to plastic tissue: a quantitative model for the
adherence of staphylococci to medical devices. J Clin
Microbiol 1985;22:996–1006

16 Bhattacharyya N, Kepnes LJ. The microbiology of recurrent rhi-
nosinusitis after endoscopic sinus surgery. Arch Otolaryngol
Head Neck Surg 1999;125:1117–20

17 Galli J, Calo L, Ardito F. Damage to ciliated epithelium in
chronic rhinosinusitis: what is the role of bacterial biofilms?
Ann Otol Rhinol Laryngol 2008;117:902–8

Address for correspondence:
Dr S Agarwal,
3/1 Heera Bagh Flats,
Sawai Ram Singh Road,
Jaipur,
Rajasthan 302004, India

E-mail: drsunitaagarwal@yahoo.co.in

Dr S Agarwal takes responsibility for the integrity of the
content of the paper
Competing interests: None declared

BACTERIAL BIOFILM ON SINUS MUCOSA 49

https://doi.org/10.1017/S002221511400303X Published online by Cambridge University Press

mailto:drsunitaagarwal@yahoo.co.in
https://doi.org/10.1017/S002221511400303X

	Bacterial biofilm on the sinus mucosa of healthy subjects and patients with chronic rhinosinusitis (with or without nasal polyposis)
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	References


