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ORIGINAL ARTICLE

ABSTRACT

Objective: To evaluate the effect of biofilm layer on polyp formation in nasal polyposis by 
comparing the amount of biofilm layer on polyp tissue and the normal mucosa. 
Materials and Methods: This study is a prospective study. 14 patients who underwent functional 
endoscopic sinus surgery (FESS) for nasal polyposis were evaluated. Patients were had no history 
of previous FESS. Tissue samples were obtained from lower turbinate (Group 1 n:14) and from nasal 
polyp (Group 2, n:14) of the same nasal cavity. Biofilm presence was identified using scanning 
electron microscopic (SEM) morphological findings. In biofilm positive samples, the presence of 
biofilm in less than 25% of the surface area was classified as (+), between 25-50% as (++) , and over 
50% as (+++).
Results: In Group 2, with SEM imaging, (+++) biofilm presence was detected in 9 patients and (++) 
biofilm was detected in 5 patients.  In Group 1, no biofilm was detected 8 patients, while; (+++), (++), 
and (+) biofilm presence was detected in 1, 2, and 3 patients respectively.  Significant difference 
was found between group 1 and group 2 with respect to the amount of biofilm according to SEM 
(p =0.000).
Conclusion: In samples, statistically significant difference was found between polyp tissue and 
normal mucosa in terms of the amount of biofilm. However, further studies with larger patient series 
are required in order to reach a definitive conclusion on the effect of biofilm on pathogenesis of 
polyp.
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ÖZ

Amaç: Polip dokusu ve normal mukoza üzerindeki biyofilm tabakası miktarını karşılaştırarak nazal 
polipoziste biyofilm tabakasının polip oluşumuna etkisini değerlendirmek amaçlanmaktadır.
Materyal ve Metod: Bu çalışma, prospektif bir çalışma olup nazal polipozis nedeniyle fonksiyonel 
endoskopik sinüs cerrahisi (FESS) uygulanan 14 hasta değerlendirildi. Hastalar, daha önce 
endoskopik sinüs cerrahisi geçirmemiş hastalardan oluşmaktaydı. Doku örnekleri, aynı nazal 
kaviteden alt konkadan (Grup 1, n:14) ve nazal polip dokusundan (Grup 2, n:14) alındı. Biyofilm 
varlığı, Scanning elektron mikroskobu (SEM) morfolojik bulgular kullanılarak tanımlandı. Biyofilm 
pozitif örneklerde, görüntülenen yüzey alanının %25’inden az sahada biyofilm varlığı (+), %25-50 
arası (++) ve %50’den fazla sahada biyofilm varlığı (+++) olarak sınıflandırıldı. 
Bulgular: Grup 2’de SEM görüntülemede 9 hastada (+++) biyofilm mevcudiyeti saptanırken 5 
hastada (++) biyofilm tespit edildi. Grup 1’de ise 8 hastada biyofilm saptanmazken 1 hastada (+++), 
2 hastada (++) ve 3 hastada (+) biyofilm varlığı saptandı. SEM bulgularına göre biyofilm miktarı 
açısından grup 1 ve grup 2 arasında anlamlı fark bulundu (p=0.000).
Sonuç: Örneklerde, polip dokusu ile normal mukoza arasında biyofilm miktarı açısından istatistiksel 
olarak anlamlı fark bulundu. Bununla birlikte, biyofilmin polip patogenezine etkisi konusunda kesin 
bir sonuca varmak için daha geniş hasta serileri ile yapılacak çalışmalara ihtiyaç vardır.

Anahtar kelimeler: Biyofilm; Nazal Polip; Scanning-Electron Mikroskopi

Introduction
Biofilm, is the structure produced by micororganisms 
which attach to a surface and form a polymeric 
gelatinous layer (1). Biofilm may develop in vivo 
or in vitro on inorganic surfaces and can protect 
micrororganism from osmotic stress, phage remnants, 
toxic components and antibiotics.  Cells with this 
structure are more resistant to antimicrobial agents 
than planktonic cells and have barriers preventing 
contact with antimicrobial agents or decreasing 
susceptibility to them (2). Nasal polyps are benign 
mucosal protrusions with multifactorial causes 

and characterized by mucosal inflammation and 
enlarge towards lumen in nasal cavity. They have 
a pedunculated, gelatinous structure with smooth 
surface.  The etiology of nasal polyps are multifactorial 
and although various factors such as infection, allergy, 
immunological factors, metabolic and hereditary 
diseases and autonomic dysfunction has been reported, 
etiology is still controversial.

There are many studies in the literature establishing 
that there is biofilm layer on nasal polyp tissue, which 
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regresses with treatment (3-5). Although these studies 
indicate that biofilm layer influences nasal polyposis 
treatment, the role of biofilm in the etiopathogenesis 
of nasal polyps still remains to be elucidated.

Therefore the aim of the present study was to evaluate 
the effect of biofilm layer on the development of polyp 
in patients with nasal polyposis by comparing the 
amount of biofim on polyp tissue with that on adjacent 
normal mucosal tissue in the same nasal cavity and 
hence excluding other additional factors which may 
lead to biofilm formation.

Materials and Methods
The present study is a prospective study carried out 
with the approval of local ethics committee (13.11. 
2019, No.111) and informed consent of patients. 

Subjects
14 patients (4F,10M) who underwent endocopic sinus 
surgery between 2019-2020 for nasal polyposis were 
evaluated. Detailed history was elicited and physical 
examination and radiological investigation was carried 
out.  All patients had history of nasal steroid agent and 
antibiotherapy use. None had undergone endoscopic 
sinus surgery previously. Tissue samples at the size of 
3x3mm were obtained during operation from nasal 
polyp tissue (group 2,study group) and normal inferior 
turbinate (group 1, control grup) of the same nasal 
cavity. Patients with immune supression, fungal sinusitis, 
and ciliary disorders such as granulomatous disease 
and cystic fibrosis were excluded from the study.  

In Group 1 and Group 2 patients, biofilm was identified 
by using SEM morphological findings. The presence 
and amount of biofilm was compared between two 
groups. 

Scanning Electron Microscopic (SEM) evaluation 
For scanning electron microscopy, tissue samples 
were fixed with 2.5% glutaraldehyde (pH 7.2, sodium 
phosphate buffer) after they were rinsed three times 
in sodium phosphate buffer, dehydrated with from 
50 to 100% alcohol series. After the dehydration, the 
samples were dried with hexamethyldisilazane (HMDS). 
Finally, they were mounted on aluminium SEM stubs. 
The stubs were covered with gold by using a sputter 
coater (Polaron SC 502) and samples were examined 
and photographed with a JEOL JSM 6060 LV SEM to 
determine biofilm presence in 10 kV.

Biofilm presence was identified using SEM morphological 
findings such as 3-dimensional structure, variation in 
the dimension of microorganisms embedded in polyp 
matrix, and residue of multiple layers of tissue and 
microorganism.  3x3mm size samples from nasal cavity 
were examined. With this examination, the presence of 
biofilm was evaluated and in biofilm positive samples, 
similar to previous studies, (6,7) the presence of biofilm 
in less than 25% of surface area was classified as (+), 
between  %25-50 as  (++)  and over  %50 as (+++). 

Statistical Evaluation
The statistical analysis of the data obtained was 
carried out with SPSS Statistics program. As categorical 
variables were used, descriptive statistics were 
expressed with frequancy and percentage and in two 
by two comparisons chi-square test was used. p<0.05 
value was considered significant for all results.  

Results
14 patients who have undergone endoscopic sinus 
surgery were evaluated in the present study. There 
were 4 female and 10 male patients. Mean age of 
the patients was 46,62 (34-66). In SEM examination; in 
Grup 2, biofilm presence was detected at the degree 
of (+++) (Figure 1a-d) in 9 patients and at the degree 
of (++) in 5 patients (Table 1). In Group 1, no biofilm 
was detected in 8 patients, (figure 2a-d), 1 patient 
had (+++), 2 patients had (++), and 3 patients had 
(+) biofilm presence (Table 1). Significant difference 
was found between Group 1 and Group 2 in terms of 
amount of biofilm detected with SEM (p =0.000) (Table 
1).

Table 1: Biofilms levels detected in nasal polyps and inferior turbinates

Tissue sample

SEM grading of biofilm formation

P*None + ++ +++

Polyp

(n=14)
0 0 5 9

0,000
Turbinate

(n=14)
8 3 2 1

*p value shows the results of Chi square test

Figure 1. A- D: (+++) biofilm formation in nasal polyps on SEM;

Figure 2. A-D: Absence of biofilm on SEM in the mucosa of the inferior 
turbinate.
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Discussion

Biofilm may protect microorganisms from osteomic 
stress, phage residues, toxic compounds and 
antibiotics. They hence defend bacteria as well as 
leading to the enhancement of damage in host by 
producing endotoxins and other virulance factors.  
Many studies have demonstrated the presence of 
biofilm in at least %65 of human bacterial infections 
(8-11).

Biofilms can be detected in the majority of patients 
with chronic rhinosinusitis (12,13). Sanclement et al. 
(12) determined the presence of bi ofilm in 24 out 
of 30 affected individuals and in 0 out of 4 controls 
subjects. Galli et al. (13) have reported that there may 
be marked destruction of the ciliated epithelium in 
the biofilm development. The presence of biofilm on 
the mucosa of chronic rhinosinusitis patients can be a 
cause for the persistent tissue inflammation as well as 
antibiotic resistance and antimicrobial therapy failures 
(14). Recent research has revealed that the presence 
of the bacterial biofilms may predispose patients to 
worse outcomes after sinus surgery (15).

In addition, chronic sinusitis is most likely a manifestation 
of the interaction of several host and environmental 
factors with various microorganisms. Some studies 
have demonstrated that epigenetic influences could 
induce a disease’s development (16).

The presence of biofilm on nasal polyp tissue was 
demonstrated in many studies (3-5) nevertheless, 
etiology of nasal polyposis and the role of biofilm 
tissue still remains to be elucidated. Zernotti et al. (3) 
determined the presence of biofilm in 9 of 12 patients 
who underwent operation for nasal polyposis and 
established that biofilms give rise to tissue hyperplasia 
by increasing nasal mucosa damage and the number 
of inflammatory cells. In many studies, it has been 
proposed that biofilm tissue may set the stage for 
development of nasal polyps (9-11).

Likewise, our findings also support the aforementioned 
suggestions as regards the association of biofilms 
with nasal polyps. In the present study, nasal polyp 
tissue and adjacent normal nasal mucosa tissue were 
obtained from the same nasal cavity for evaluation, 
which eliminated other factors which may lead to 
biofilm formation. This aspect of the study helped to 
support the role of biofilm in the etiopathogenesis of 
nasal polyposis from a different perspective compared 
to other studies on etiopathogenesis. In addition, in 
view of this association, it would be reasonable to 
state that we may be in need of modifications in the 
management strategies of nasal polyps.

Contrary to these studies, there are studies reporting 
that biofilm tissue has no effect on polyp etiology 
(17). Berezza et al. (17) reported that biofilms were 
be present in patients undergoing sinus surgery for 
chronic rhinosinusitis with nasal polyps and also in 
healthy controls.

Conclusion 

According to our findings nasal polyps are associated 
with bacterial biofilm formations. However, the role 
of biofilms in the etiology of nasal polyps is unclear. 
Further studies with larger patient series rare required 
in order to reach a definitive conclusion on the impact 
of biofilm on the etiopathogenesis of polyp.
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