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Abstract The pathomechanism of chronic rhinosinusitis

with nasal polyposis (CRS/NP) seems to be unclear. Bac-

terial-, fungal- and combined biofilms might play a

potential role in the pathogenesis of various inflammatory

diseases and recently in CRS/NP. A prospective, blinded

observational study was performed to confirm that the

combination of conventional hematoxylin–eosin (HE) and

Gram staining protocols could be used to detect bacterial

and fungal biofilms in patients with CRS/NP. A total of 50

patients with CRS/NP undergoing endoscopic sinus sur-

gery (ESS) were analyzed. The negative control group

consisted of 12 patients undergoing septoplasty for nasal

obstruction without CRS/NP. The nasal polyps and inferior

turbinate mucosa specimens applied as negative controls

were processed to HE and Gram staining. Biofilm was

detected in 44 of 50 patients with CRS/NP and in none of

12 negative controls. In our series, HE method showed an

obvious correlation with the results of Gram staining and

was allocated to be a good predictor of biofilm existence. It

was found that the microscopic structure and thickness of

biofilms were strongly associated with the integrity of nasal

mucosa and with the characteristics of subepithelial cel-

lular infiltration. This study confirmed the presence of

bacterial and fungal biofilms on the surface of NPs

obtained from patients with CRS. Since biofilms may affect

the severity and recurrence rate of CRS treated by ESS they

should be detected histologically. In conclusion, HE

staining combined with Gram protocol is a robust and

reliable method for the detection of bacterial and fungal

biofilms in CRS/NP.
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Introduction

Chronic rhinosinusitis (CRS) is a common inflammatory

disease in ENT practice that is responsible for a great

amount of medical visits and one of the main reasons for

antibiotic treatment and leave of work [1]. Diagnosis of CRS

is based on the duration of symptoms (nasal obstruction,

hyposmia, discharge and pain), which persist over 12 weeks

[1]. CRS can be classified into two main groups depending

on the presence or absence of nasal polyps (NP) [1]. CRS

with NP is a separate diagnostic entity, although the etio-

pathogenesis is still unclarified [1, 2]. Several hypotheses

have been raised in the explanation of the pathogenesis of

CRS, which is currently thought to be an immunological

disease affected by multiple factors [1]. These are immu-

nological disorders, allergic rhinitis, asthma, aspirin intol-

erance, Staphylococcus superantigens, fungal infections and

the presence of different biofilms [1, 2].

Bacterial and fungal biofilms have been implicated in

the pathogenesis of various chronic inflammatory diseases,

which affect mucosal surfaces [3–5]. This group of infec-

tious diseases includes chronic tonsillitis, adenoiditis, CRS,

chronic otitis media and periodontitis [3, 6]. Furthermore,

presence of bacterial biofilms has been reported on the

surface of different surgical implants [3, 7]. Being infec-

tious agents, bacterial and fungal colonies exist in two

main forms: as free planktonic prokaryote or eukaryote

cells or as complex biofilms [3–5, 8]. Biofilms are the
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primary structures of bacterial or fungal survival and pro-

liferation, which are characterized by a self-produced three-

dimensional extracellular matrix that consists of polysac-

charides, proteins and nucleic acids [3, 9]. Bacterial bio-

films are characterized by extremely high resistance against

antibiotics and host immune reactions [3]. This resistance

mechanism is associated with the physical barrier formed

by the polysaccharide matrix that blocks the diffusion of

antibiotics, superoxides, immunglobulins and opsonins

[2, 3]. Biofilms can be formed by individual or mixed

species of bacteria and fungi as well as Staphylococcus

aureus and epidermidis, Pseudomonas aeruginosa, Strep-

tococcus pneumoniae, Candida albicans, Candida crusei

and Aspergillus niger [3–5, 9]. Usually, they are cannot be

cultured and isolated by conventional microbiological

protocols; therefore diagnosis is often uncertain [10].

Biofilms can be detected by difficult, expensive and

time-consuming protocols of scanning electron microscopy

(SEM), transmission electron microscopy (TEM), confocal

laser scanning microscopy (CLSM) and recently by fluo-

rescent in situ hybridization (FISH) [11–13]. In 2010,

Hochstim et al. [13] have reported a reliable and robust

method for biofilm detection that was based on the con-

ventional HE staining of fresh surgical specimens obtained

from patients with CRS/NP13. These authors have com-

pared their results with FISH analysis and found a full

correspondence between the two protocols [13]. Since

biofilms are thought to play a crucial role in the patho-

genesis of CRS/NP, our aim was to provide a rapid, cheap,

roboust and reliable method for bacterial-, fungal or com-

bined biofilm detection.

This study investigates the presence and microscopic

features of bacterial-, fungal- and combined biofilms on the

surface of NP obtained from patients with CRS. Biofilm

characteristics were compared with the subepithelial infil-

tration and inflammatory cell types. To our knowledge, this

is the first comprehensive study, which confirms the

availability of combined HE and Gram staining in the

histological diagnosis of biofilms.

Materials and methods

Patients and controls

We performed a prospective blinded observational study of

nasal polyps obtained from patients with CRS/NP who

underwent ESS at the Department of Otorhinolaryngology

and Head and Neck Surgery, University of Debrecen. Nasal

polyps were collected between February 2010 and January

2011. The group of patients consisted of 28 women and 22

men (n = 50, mean age = 49.4 years; range = 4–69

years) with the diagnosis of CRS/NP confirmed by nasal

endoscopy and computed tomography (CT) scan of para-

nasal sinuses. After the coronal plane reconstruction, CT

scans were examined and scored by the Lund-Mackay

staging protocol. The clinical history and findings of

physical examinations were obtained during confirmation

of the diagnosis of CRS/NP. Clinical information on

bronchial asthma, allergic rhinitis, aspirin intolerance,

previous ESS, topical steroid treatment and systemic anti-

microbial therapy was recorded before surgery. All the

nasal polyps collected during ESS were processed to his-

topathological analysis. Only large nasal polyps ([2 cm)

were analyzed, which could be removed by a cold device

(straight ESS forceps) without any surface injury or iatro-

genic disruption of biofilm layers. The removal was gently

performed at the root of the nasal polyps. Twelve patients

(n = 12; men = 8; women = 4; mean age = 37.2 years)

scheduled for septoplasty for nasal obstruction without a

medical history of CRS were recruited into the negative

control group. Tissue specimens of approximately 0.5 cm3

were obtained from the anterior mucosal surface of the

inferior turbinate. All of the patients gave their informed

consent before donating their tissue samples for the study.

We obtained Institutional Ethical Committee (DE OEC-EB/

2009/12) approvals. Patients gave their informed consents.

The study was carried out according to the Declaration of

Helsinki.

Histopathological analysis

A total of 62 nasal mucosa specimens were fixed in 10%

(w/v) formaldehyde. Specimens were embedded in 15%

(w/v) purified gelatin (24 h, 56�C) and refixed in 4% (w/v)

paraformaldehyde (24 h, 20�C). Blocks were cryoprotected

in 20% (w/v) saccharose solution (2 h, 4�C) and sectioned

into 10-lm slides at -25�C (MNT-200, Slee, Mainz,

Germany). Slides were stored in 0.1 M PBS containing

0.03% (w/v) sodium azide at 4�C. Two consecutive 5-lm

frozen cut sections were examined as follows: (1) con-

ventional staining with HE; and (2) conventional Gram

staining. Histological examinations were blinded for two

independent researchers: P.Cs. analyzed the sections

stained by HE, while T.K. examined the Gram staining

results. The criteria for the histopathological classification

of bacterial and also fungal or combined biofilms were the

presence of characteristic morphology and Gram positivity/

negativity and micro colonies for examination by optical

microscopy and the presence of the surrounding polysac-

charide layer. Biofilms were classified into three groups

based on their integrity and thickness: (1) fragmented

(0–10 lm); (2) complete (\10 lm); and (3) bulky

([10 lm). Structure and cellular infiltration of epithelial-

and also the stromal (subepithelial) layers were correlated

to the presence or absence of bacterial or fungal biofilms.
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Results

Altogether fifty patients with CRS/NP who underwent ESS

were included in this study. Eleven patients (22%) had

bronchial asthma, seven patients (14%) had allergic rhinitis

and three (6%) diagnosed with aspirin intolerance. In our

series, only one patient had ASA triad (a.k.a Samter’s triad:

nasal polyposis, bronchial asthma, and aspirin intolerance).

The Lund-Mackay scores of coronal reconstructed CT

scans varied between 7 and 24 with an average score of 19

Table 1 Clinical history of patients with CRS/NP

Number of

patients

Bronchial

asthma

Allergic

rhinitis

Aspirin

intolerance

Average Lund-

Mackay score

Previous

ESS

Topical steroid

treatment

Systemic antibiotic

treatment

50 11 (22%) 7 (14%) 3 (6%) 19 (7–24) 19 (38%) 50 (100%) 13 (26%)

Table 2 Presence and characteristics of biofilm layers on the surface of nasal polyps with chronic rhinosinusitis

Nasal polyps—CRS specimens (HE, n = 50)

Biofilm present (n = 44) Biofilm absent

(n = 6)Fragmented 0/\10 lm (n = 4) Complete \10 lm (n = 17) Bulky [10 lm (n = 23)

Gram staining

Bacterial

(n = 3)

Fungal

(n = 1)

Combined

(n = 0)

Bacterial

(n = 9)

Fungal

(n = 3)

Combined

(n = 5)

Bacterial

(n = 13)

Fungal

(n = 4)

Combined

(n = 6)

Fig. 1 Histopathological representation of a nasal polyp. a At low

magnification, regular columnar epithelium and foamy cells can be

detected (black arrow). Basal lamina is indicated by green arrow. The

green star shows the subepithelial layer. b The subepithelial layer is

infiltrated by plasmocytes and small lymphocytes (green arrows).

c Biofilm structures cannot be detected on the surface of nasal

epithelium (black arrow). Basal lamina is a well-identified structure

(green arrow). d Gram staining is negative for bacterial or fungal

elements; the polysaccharide matrix is absent (black arrow)
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indicating serious involvement of paranasal sinusis by

CRS. The score was higher than 19 in 60% of patients

(n = 30). Repeated ESS was performed in 38% (n = 19)

of patients, which is an important predictive factor of CRS

recurrence. In this group, number of previous surgeries

varied between 1 and 13 with an average number of 3

ESS. All patients were treated by topical steroid (mo-

methasone-furoate, beclomethason) therapy before surgery.

Preoperative, systemic antibiotic treatment was performed

in 13 (26%) patients. Table 1 summarizes the clinical

history of patients with CRS/NP.

Histopathological examination revealed inflammatory

nasal polyps with lymphocytic (LPC), eosinophilic and

polymorphonuclear (PMN) infiltration of the subepithelial

stroma in all cases. Bacterial-, fungal- or combined biof-

lims were detected in 44 (88%) of 50 patients with CRS/NP

Table 3 Features of epithel

layer and stroma of nasal polyps

depending on biofilm

detectability

LPC lympho-plasmocyter

infiltration

PMN polymorphonuclear

(neutrophil) infiltration

Nasal polyps—CRS specimens (HE, n = 50)

Biofilm present (n = 44) Biofilm absent (n = 6)

Epithel Fragmented—destroyed (n = 33) Ciliated columnar epithelium—regular

respiratory mucosa with foamy

cells (n = 6)
Squamous cell metaplasia (n = 8)

LPC infiltration (n = 3)

Stroma Eosinophil dominancy (n = 5) Eosinophil dominancy (n = 4)

Neutrophil (PMN) dominancy (n = 36) Neutrophil (PMN) dominancy (n = 1)

Mononuclear and plasmocytic

infiltration (n = 3)

Mononuclear and plasmocytic infiltration

(n = 1)

Fig. 2 Histopathological examination of a CRS/NP specimen. a The

nasal epithelium is destructed and massively infiltrated by inflamma-

tory cells. The stromal layer shows a gland-like structure. b The

subepithelial layer is infiltrated by eosinophils (green arrow) and

polymorphonuclear cells (white arrow). c The epithelial layer is

absolutely disintegrated and covered by a complete biofilm showing a

homogeneous basophilic staining (black arrow). d Gram staining

reveals a combined biofilm consisting of individual colonies of Gram-

negative fungi and Gram-positive cocci (small inserts)
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(Table 2). In the biofilm-negative cases (n = 6, 12%),

histopathological analysis revealed a regular respiratory

mucosa with predominantly eosinophil infiltration of the

subepithelial layer (Fig. 1, Table 2). All the six biofilm-

negative cases were originated from patients diagnosed

with allergic rhinitis (Table 1). In our series, HE staining

showed a strong correlation with the results of Gram

staining and was found to be a reliable predictor of the

presence or absence of biofilms. No discrepancies were

found between the two staining protocols (Table 2). In the

biofilm-positive specimens, the microscopic structure and

thickness of biofilms were strongly associated with the

histopathological characteristics of nasal mucosa and also

to the dominant inflammatory cell type of the subepithelial

layer (Tables 2, 3). It was found that normal respiratory

mucosa with columnar ciliated epithelium is not associated

with the presence of different types of biofilms (Fig. 1,

Table 3). Disintegration or squamous cell metaplasia of the

nasal mucosa due to the subepithelial inflammatory reac-

tions was strongly associated with the presence of bacterial

or fungal biofilms (Figs. 2, 3, 4, Table 3). It was found that

LPC or PMN infiltrations of the subepithelial (stromal)

layer are the most important predictors of biofilm presence

(Figs. 2, 3, 4, Table 3). In contrast, predominant eosinophil

infiltration decreased the chance of biofilm detection

(Figs. 2, 3, 4, Table 3). In the 44 CRS/NP specimens, 25

bacterial, 8 fungal and 11 combined biofilms were detec-

ted, obviously correlated to the thickness of the biofilm

itself (Figs. 2, 3, 4, Table 2). Combined fungal-bacterial

biofilms were predominantly detected in bulky layers

(Table 2). No biofilm-like structures were detected in

mucosal specimens obtained from the inferior turbinate of

patients (N = 12) applied as negative controls (Fig. 5).

Discussion

CRS/NP is a disease of multifactorial agents involving

disturbed local immune response and chronic inflamma-

tion; however, bacterial or fungal biofilms might contribute

to the damage of respiratory epithelium and subsequent

hyperplasia of the subepithelial layer infiltrated by

inflammatory cells [14, 15]. Local steroids and systemic

antibiotic treatment might have severe influence on the

Fig. 3 Histopathological examination of a nasal polyp. a The nasal

epithelium is destroyed and infiltrated by lymphocytes; however, it

shows some columnar structure (black arrow). A fragmented biofilm

layer is indicated by green arrow. b The subepithelial layer is

seriously infiltrated by lymphocytes. c The black arrow indicates the

incomplete biofilm layer. d Gram staining reveals a combined

bacterial biofilm consisting of individual colonies of Gram-positive

cocci and Gram-negative bacilli (small inserts)
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flora of nasal cavity and paranasal sinuses, and in fact these

medications might affect the structure and thickness of

biofilms. Since our patients were all treated by local ste-

roids (momethasone-furoate, beclomethasone), this asso-

ciation seems to be very strong. In contrast, biofilm-

negative specimens were obtained from patients with

allergic rhinitis who were regular local steroid users. Fur-

thermore, alergic rhinitis is not a real risk factor for CRS/

NP by the current rhinologic consensus [1, 2]. In the future,

placebo-controlled, double blinded, dynamic studies will

be neccessary to prove this causative relation and to dis-

solve this conflict.

In the present study, we demonstrated the presence of

bacterial-, fungal- or co-existing biofilms in 44 patients

with CRS/NP by the combined application of HE and

Gram staining. Results of HE staining showed a full cor-

respondence to Gram staining in detection of different

biofilms. Furthermore, the failure to detect biofilms was not

associated with the single application of HE staining. In the

light of these results, we do think that combination of HE

and Gram staining protocols should be emphasized, since

HE staining is for the investigation of tissue layers and

their microscopic architecture while Gram protocol stains

bacilli, cocci and fungal elements.

We did not intend to make a precise identification of bac-

terial or fungal species, because the presence of biofilm itself

is thought to be the most important factor in the pathogenesis

of CRS/NP [2, 14, 15]. Furthermore, persisting biofilms in

CRS/NP cases may be responsible for surgical failures and

high recurrence rate of disease [1, 2]. Microbiological iden-

tification of distinct infectious agents involved in biofilm

formation still requires culturing or FISH analysis with spe-

cies-specific oligonucleotide probes [11–13].

There is increasing evidence that biofilms play a crucial

role in several chronic inflammatory diseases [3, 6, 7, 10].

Therefore, it is plausible to introduce an easy, reliable and

cheap method to identify biofilms in CRS/NP specimens.

In concurrence with Hochstim et al. [13], we confirmed

Fig. 4 Histopathological analysis of a nasal polyp. a The nasal

epithelium shows a squamous cell metaplasia (black arrow). A bulky

and continuous biofilm layer can be identified on the surface of the

epithelial layer (green arrow). b The subepithelial layer is predom-

inantly infiltrated by eosinophil granulocytes (green arrow). c At

higher magnification of the previous slides, the thickened biofilm

layer can be identified as a homogeneous structure showing intense

basophilic staining by H&E (green arrow). The nasal epithelium

shows a total squamous cell metaplasia with increased numbers of

choilocytes (white arrow). d Gram staining indicates a bacterial

biofilm consisting of confluent colonies of Gram-positive cocci (small

insert)
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that the wide availability of HE and Gram staining of

surgical specimens through clinical histopathology labo-

ratories makes this a reliable method for detection of bio-

films in the clinical practice [13]. Although specific

treatments are not available to target biofilms, it is very

important to be detected, since it is strongly associated with

treatment failure and persisting symptoms [1, 2, 14, 16]. In

general, therapeutic considerations can be divided into two

main groups: blockade of biofilm formation and eradica-

tion of biofilms that have already formed [1, 2, 16].

In conclusion, further examinations are required to

clarify the etiologic role of biofilms in the pathogenesis

of CRS/NP. Finally, introduction of reliable and robust

methods for biofilm detection may contribute to new

therapeutic options in the treatment of patients with

CRS/NP.
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