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Introduction
Numerous otorhinolaryngologic infections have 
been found to be associated with biofilm formation 
[Macassey and Dawes, 2008]. Chronic tonsillitis is 
a serious health problem affecting both the pediat-
ric population and adults [Wagner et  al. 1993]. 
Many theories have been proposed to explain the 
chronicity of tonsillitis and its association with bio-
film formation has been demonstrated [Conley 
et al. 2003; Chole and Faddis, 2003].

Microbial biofilms have been implicated as the 
major cause of many human infections and are 
estimated to be present in more than 65% of all 
human bacterial infections [Costerton et al. 1999; 
Potera, 1999]. Biofilm is formed by a cluster of 
microorganisms, firmly attached to a surface and 
embedded in a self-produced matrix. The unique 

organization between the biofilm community and 
inherent properties of the biofilm matrix make 
the biofilm layer impenetrable and highly resist-
ant to host defense mechanisms and antibiotics 
[Sutherland, 2001].

The first study indicating a role for biofilm forma-
tion in chronic tonsillitis was reported by Chole and 
Faddis using transmission electron microscopy 
(TEM) and hematoxylin and eosin staining [Chole 
and Faddis, 2003]. The presence of biofilm was also 
shown in the tonsils and adenoids using scanning 
electron microscopy (SEM) and confocal scanning 
laser microscopy [Al-Mazrou and Al-Khattaf, 2008; 
Galli et al. 2007; Kania et al. 2007].

Antibiotic or antimicrobial therapy does not typi-
cally remove the biofilm. The biofilm can, 
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Abstract
Objective: To demonstrate the efficacy of tonsil brushing in patients with chronic tonsillitis to 
remove the microbial biofilm on the tonsil surface using an in vitro model.
Design: Specimens from patients undergoing tonsillectomy were evaluated prior to and 
following surface cleaning methods, including rinsing and brushing, using scanning electron 
microscopy (SEM).
Patients: The study population consisted of 25 randomly selected patients with chronic tonsillitis.
Interventions: Specimens were collected and divided into four portions. Each portion received 
distinct surface cleaning methods and was immediately fixed for SEM examination.
Outcome measures: The biofilm layer on the surface of the tonsils was examined using SEM. 
The density of the biofilm layer and the degree of persistence of the biofilm after rinsing and 
brushing were measured.
Results: The surface biofilm of the tonsils in the first group, which were neither brushed nor 
rinsed, revealed a thick layer of biofilm on the mucosal surface. The second group of tonsils, 
which were only rinsed, also showed a thick layer of biofilm. The third group of tonsils, which 
were rinsed following gentle brushing using a soft toothbrush, showed a reduction in the 
thickness of the biofilm layer. The fourth group of tonsils, which were brushed with a hard 
brush, was almost devoid of a biofilm layer.
Conclusion: Our results demonstrate that rinsing does not effectively remove the biofilm layer 
on the tonsil surface. The use of a harder brush was identified as a more powerful means of 
removing biofilm compared with a soft brush.
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however, be destroyed through wiping and the 
disruption of surface attachment. Due to the 
structure of biofilms, physical removal of the bac-
terial plaque biofilms is the most effective means 
of control [Parini and Pitt, 2005].

In this study we assessed the physical removal of 
biofilms method in the treatment of chronic ton-
sillitis. We used SEM to show the effectiveness of 
rinsing and brushing to remove the biofilm layer 
on the mucosal surface of the tonsils in vitro.

Materials and methods
Patients with chronic tonsillitis who attended the 
Taksim Training and Research Hospital were 
enrolled in this study. The decision to perform a 
tonsillectomy was based on the Paradise criteria 
[Paradise et al. 1984] (seven or more episodes in 
past year, five or more episodes in the past 2 years, 
three or more episodes in the past 3 years). 
Approval by the Committee of the Medical Ethics 
of Taksim Training and the Research Hospital  
was not required because we used anonymized 
tissue samples remaining following surgical 
procedures.

Twenty-five patients [16 men (64%) and nine women 
(36%)] were randomly selected to achieve an unbi-
ased sample group in which the selection was made 
in a blinded manner to frequency of tonsillitis epi-
sodes. We excluded patients with a history of acute 
tonsillitis or antibiotic use within the past month.

The tonsillectomy specimens taken from each 
patient were divided into four portions using a no. 
15 scalpel under sterile conditions. Care was 
taken to equally divide the pharyngeal surfaces. 
Each of the four portions was treated with four 
distinct procedures.

Specimens in the first group were treated directly 
for SEM. This group served to evaluate pretreat-
ment biofilm density. In order to avoid interven-
tional artifacts on the tonsil surface, pretreatment 
biofilm density was not assessed in other groups. 
Specimens in the second group were rinsed thor-
oughly for 10 s in sterile saline. The rinsing proce-
dures were applied three times to all specimens. 
The third group underwent the same procedure 
but prior to rinsing a soft brush was used to brush 
the surface of the tonsils for 30 s. The specimens 
in the fourth group were brushed using a hard 
brush prior to the rinsing procedure. Following 
these procedures, all specimens were immediately 

treated for SEM. For SEM, tissue samples were 
prefixed for 2 h in 2% phosphate-buffered glutar-
aldehyde solution (0.1 M, pH 7.2) and post fixed 
for 1 h in 1% phosphate-buffered osmium tetrox-
ide solution and passed through an alcohol and 
amyl acetate series. The tissue samples were then 
dried with a Bio-Rad Critical Point Dryer and 
gold-coated with a Bio-Rad Sputter Coater (SC 
502; Bio-Rad, Hercules, California, USA). Tissue 
samples were examined under a JEOL 5200 JSM 
scanning electron microscope (Jeol, Tokyo, Japan). 
Chole and Faddis’ definition of biofilm was used 
to define biofilm in SEM imaging [Chole and 
Faddis, 2003]. The ratio of surface covered with 
biofilm on each specimen was calculated. The bio-
film layer was classified as being bulky, partially 
broken or completely broken into little fragments.

Results
Examination of the first group of tonsils, which 
were neither brushed nor rinsed, revealed a thick 
layer of biofilm on the mucosal surface. This group 
served as the control group. The epithelial lining 
of the tonsils could not be visualized. Additionally, 
in some areas, numerous erythrocytes and fibrin 
residues were evident. All specimens in this group 
showed a layer of biofilm and 80% of the samples 
(n = 20) were observed to possess erythrocyte and 
fibrin residues (Figures 1 and 2). The second 
group of tonsils, which were only rinsed, showed a 
more homogenous surface appearance, devoid of 
any blood cells or fibrin residues. The integrity of 
the biofilm layer was still not breached. In 23 of 25 
specimens, it was not possible to visualize any 
structural components associated with the surface 
epithelium (Figure 3). SEM of the third group of 
tonsils, which were rinsed following gentle brush-
ing by a soft toothbrush, showed that the thickness 
of the biofilm layer was reduced. In some sections, 
the continuous biofilm layer was broken into 
pieces and some portions of epithelial cells could 
be observed. However, in 20% of the samples (n = 
5), a continuous biofilm layer was evident and the 
tonsil epithelium could not be observed (Figure 
4). The fourth group of tonsils was almost devoid 
of a biofilm layer, except for scattered small bio-
film fragments, and the entire epithelium could be 
observed readily in 24 of 25 (96%) specimens 
(Figures 5 and 6). All the samples of this group 
showed fragmentation of the biofilm layer.

Discussion
Acute or chronic infections are common causes of 
morbidity and mortality in the pediatric 
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population. Infections of the palatine tonsils are 
among the most common diseases affecting both 
children and adults. Chronic tonsillitis is an impor-
tant public health issue that requires attention 
[Wagner et  al. 1993; Birnbaum et  al. 2002]. The 

underlying mechanisms of chronic bacterial human 
infections have long been a focus of interest.

It has long been known that, even following 
appropriate antibiotherapy, the causative agents 

Figure 1.  A thick layer of biofilm with erythrocyte and 
fibrin residues.

Figure 2.  The tonsil surface is totally covered with a 
biofilm layer.

Figure 3.  Intact biofilm layer with a more 
homogenous surface appearance.

Figure 4.  Portions of epithelial cells can be seen 
under the disrupted biofilm layer.

Figure 5.  Scattered biofilm fragments.

Figure 6.  Entire epithelium can be readily observed.
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of acute bacterial tonsillitis cannot be eradicated 
totally. The mechanisms of this bacterial persis-
tence have been thoroughly investigated and sev-
eral theories have been proposed [Conley et  al. 
2003]. These include the presence of viral patho-
gens, the elimination of coliving organisms, the 
internalization of streptococci into epithelial cells, 
the presence of various bacterial pathogens, and 
the presence of biofilm. Recent studies have 
shown that bacterial biofilm formation is an 
important factor in the chronicity of infections. 
According to this biofilm theory, the underlying 
pathology of chronic tonsillitis involves the pres-
ence of biofilm bound to the surface of the pala-
tine tonsils [Chole and Faddis, 2003].

Biofilm is required to allow bacteria to coalesce 
and survive. Biofilm has a complex organization, 
which is formed by bacteria reversibly adhering to 
a surface, which can be ended by the bacteria if 
unfavorable conditions occur. Under certain cir-
cumstances, bacteria adhering to a surface pro-
mote quorum sensing, leading to the attachment 
of further bacteria. In time, the numbers of 
attached bacteria increase. In the later stages, the 
bacteria produce an extracellular polymeric sub-
stance composed of exo-polysaccharides, nucleic 
acids, and proteins [Post et al. 2004].

Studies have shown that biofilm is not a homoge-
neous layer of a matrix in which multiple bacteria 
attached to a surface are enclosed. Rather, com-
plex biological systems in which the bacteria form 
functional communities exist. These functional 
communities have a distinct architectural struc-
ture and the ability to perform coordinated actions 
[Davey and O’Toole, 2000]. Biofilm consists of a 
multilayered heterogeneous structure with multi-
ple water channels. These channels provide the 
necessary oxygen and nutrients for the inhabit-
ants, and allow the removal of waste products 
[Bothwell et  al. 2003]. The main extracellular 
component of the biofilm is formed by polysac-
charides, secreted by the bacteria. According to 
the predominant bacteria in the biofilm, the bio-
film matrix may display differing characteristics 
[Oliveira et al. 2007]. Bacteria produce and release 
chemical signals, search for similar cells in their 
immediate surroundings, and release autoinduc-
ers. One-cell organisms become multicellular 
organisms that act together to increase virulence 
and resistance [Cloak et al. 2002]. These changes 
alter the susceptibility of bacteria to the changing 
environmental conditions and to the effects of 
antibiotherapy [Fricks-Lima et al. 2011].

Although biofilm-associated infections have been 
known for some time, it has recently been discov-
ered that otorhinolaryngologic infections may also 
be related to biofilms. An association between otitis 
media and biofilm formation has been demon-
strated. The presence of biofilm has also been 
observed on endotracheal tubes, voice prostheses, 
and pressure-equalizing tubes [Bothwell et al. 2003; 
Post, 2001; Zur et al. 2004; Everaert et al. 1999]. 
The association between chronic tonsillitis and bio-
film formation has been studied [Kania et al. 2007].

To date, the most common and investigated 
model of biofilm formation is dental plaque for-
mation. The resistance of dental plaque to antimi-
crobials in the unstable milieu of the mouth is 
remarkable. The use of conventional or powered 
dental brushes, air or water bubbles or ultrasonic 
waves were found to be effective in dealing with 
plaque-associated problems [Deacon et al. 2010; 
Roberts et al. 2010]. Thus, as the intraoral milieu 
of the tonsils is similar to the teeth; cleansing the 
surface of the tonsils may be an effective method 
to remove the biofilm layer.

SEM is an effective method to show the density of 
the biofilm layer on both smooth and irregular 
surfaces. The combination of higher magnifica-
tion, a larger depth of field, a greater resolution 
and compositional and crystallographic informa-
tion makes SEM one of the most heavily used 
instruments in academic/national lab research 
and industry. The resolution of TEM is higher 
than SEM. However, SEM has some compensat-
ing advantages, including the ability to image a 
comparatively large area of the specimen (large 
spot size) and the ability to image bulk materials 
(not just thin films or foils) [Surman et al. 1996]. 
Thus, SEM was used to visualize the entire epi-
thelial surface of tonsillectomy specimens in an 
attempt to visualize the three-dimensional struc-
ture of the biofilm layer.

The bulky appearance of biofilm layers has led 
investigators to try to decrease the thickness or 
totally destroy this layer in an attempt to combat 
biofilm-associated infections using ultrasound, 
chemicals and lasers [Qian et  al. 1996; Sharma 
et  al. 2008; Krespi et  al. 2008]. In this study, we 
rinsed the tonsils and used soft or hard brushing to 
destroy the biofilm over the mucosa, demonstrating 
that hard brushing efficiently removed the biofilm.

The aim of this study was to assess the effect of 
rinsing and brushing on the biofilm layer of the 
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palatine tonsils. To our knowledge, this is the 
first reported study to investigate the behavior of 
tonsil biofilms under the shear forces of rinsing 
and brushing in vitro. The presence of biofilm 
has been suggested as the underlying mechanism 
of chronic tonsillitis and this hypothesis was sup-
ported by the microscopic evidence of biofilm in 
the crypts of tonsils using TEM. To our knowl-
edge, no study has been reported showing the 
presence of biofilm on the surface of the tonsils 
using SEM in conjunction with rinsing and 
brushing. Interestingly, rinsing and mild brush-
ing could not remove the biofilm layer on the 
tonsillectomy specimens, while using a harder 
brush resulted in disintegration and removal of 
the biofilm layer from the tonsil surface.

These findings may alter our approach in the 
treatment of chronic tonsillitis. Special brushes 
tailored to reach palatine tonsils and tongue base 
may be used alone or in combination with solu-
tions for further dissolution of the biofilm matrix. 
Future studies are now required to assess the 
effects of tonsil brushing in vivo.

Conclusion
Although numerous studies have investigated the 
efficacy of toothbrushes, dental floss, and oral 
rinses in the control of dental plaque biofilm, to our 
knowledge, no reported study has proposed the 
physical removal of biofilm as part of the therapy in 
the management of chronic tonsillitis. Our results 
show that rinsing alone did not remove the biofilm 
layer on the tonsil surface in vitro, while using a 
harder brush removed biofilm compared with a soft 
brush. Methods of physically removing the biofilm 
on the tonsil surface in vivo may increase the suc-
cess rate of topical antimicrobials and lower the 
necessary doses of systemically administered drugs. 
As an alternative to brushing, ultrasound-activated 
bubbles may also be used for removal of the tonsil 
biofilm. However, further studies must be per-
formed to assess the efficacy of these methods.

Acknowledgements
The authors would like to acknowledge Marmara 
University School of Medicine Department of 
Histology and Embryology for the technical sup-
port to carry out SEM investigations.

Funding
This research received no specific grant from any 
funding agency in the public, commercial, or not-
for-profit sectors.

Conflict of interest statement
The authors declare no conflicts of interest in 
preparing this article.

References
Al-Mazrou, K. and Al-Khattaf, A. (2008) Adherent 
biofilms in adenotonsillar diseases in children. Arch 
Otolaryngol Head Neck Surg 134: 20-23.

Birnbaum, H., Morley, M., Greenberg, P. and Colice, 
G. (2002) Economic burden of respiratory infections 
in an employed population. Chest 122: 603-611.

Bothwell, M., Smith, A. and Phillips, T. (2003) 
Recalcitrant otorrhea due to Pseudomonas biofilm. 
Otolaryngol Head Neck Surg 129: 599-560.

Chole, R. and Faddis, B. (2003) Anatomical evidence 
of microbial biofilms in tonsillar tissues: a possible 
mechanism to explain chronicity. Arch Otolaryngol 
Head Neck Surg 129: 634-636.

Cloak, O., Solow, B., Briggs, C., Chen, C. and 
Fratamico, P. (2002) Quorum sensing and production 
of autoinducer-2 in Campylobacter spp., Escherichia 
coli O157:H7, and Salmonella enterica serovar 
Typhimurium in foods. Appl Environ Microbiol 68: 
4666-4671.

Conley, J., Olson, M., Cook, L., Ceri, H., Phan, V. 
and Davies, H. (2003) Biofilm formation by group 
a streptococci: is there a relationship with treatment 
failure? J Clin Microbiol 41: 4043-4048.

Costerton, J., Stewart, P. and Greenberg, E. (1999) 
Bacterial biofilms: a common cause of persistent 
infections. Science 284: 1318-1322.

Davey, M. and O’Toole, G. (2000) Microbial 
biofilms: from ecology to molecular genetics. Microbiol 
Mol Biol Rev 64: 847-867.

Deacon, S., Glenny, A., Deery, C., Robinson, P.,  
Heanue, M., Walmsley, A. et al. (2010) Different 
powered toothbrushes for plaque control and gingival 
health. Cochrane Database Syst Rev (12): CD004971.

Everaert, E., Mahieu, H., van de Belt-Gritter, B., 
Peeters, A., Verkerke, G., van der Mei, H. et al. 
(1999) Biofilm formation in vivo on perfluoro-
alkylsiloxane-modified voice prostheses. Arch 
Otolaryngol Head Neck Surg 125: 1329-1332.

Fricks-Lima, J., Hendrickson, C., Allgaier, M., 
Zhuo, H., Wiener-Kronish, J., Lynch, S. et al. (2011) 
Differences in biofilm formation and antimicrobial 
resistance of Pseudomonas aeruginosa isolated from 
airways of mechanically ventilated patients and cystic 
fibrosis patients. Int J Antimicrob Agents 37: 309-315.

Galli, J., Calò, L., Ardito, F., Imperiali, M., Bassotti, 
E., Fadda, G. et al. (2007) Biofilm formation by 



Z Ciftci, O Develioglu et al.

http://tar.sagepub.com	 83

Haemophilus influenzae isolated from adeno-
tonsil tissue samples, and its role in recurrent 
adenotonsillitis. Acta Otorhinolaryngol Ital 27: 134-138.

Kania, R., Lamers, G., Vonk, M., Huy, P., Hiemstra, 
P., Bloemberg, G. et al. (2007) Demonstration of 
bacterial cells and glycocalyx in biofilms on human 
tonsils. Arch Otolaryngol Head Neck Surg 133:  
115-121.

Krespi, Y., Stoodley, P. and Hall-Stoodley, L. (2008) 
Laser disruption of biofilm Laryngoscope 118: 1168-
1173.

Macassey, E. and Dawes, P. (2008) Biofilms and their 
role in otorhinolaryngological disease. J Laryngol Otol 
122: 1273-1278.

Oliveira, M., Nunes, S., Carneiro, C., Bexiga, R., 
Bernardo, F. and Vilela, C. (2007) Time course of 
biofilm formation by Staphylococcus aureus and 
Staphylococcus epidermidis mastitis isolates. Vet 
Microbiol 124: 187-191.

Paradise, J., Bluestone, C., Bachman, R., Colborn, 
D., Bernard, B., Taylor, F. et al. (1984) Efficacy of 
tonsillectomy for recurrent throat infection in severely 
affected children. Results of parallel randomized and 
nonrandomized clinical trials. N Engl J Med 310: 674-683.

Parini, M. and Pitt, W. (2005) Removal of oral biofilms 
by bubbles: the effect of bubble impingement angle and 
sonic waves. J Am Dent Assoc 136: 1688-1693.

Post, J. (2001) Direct evidence of bacterial biofilms in 
otitis media. Laryngoscope 111: 2083-2094.

Post, J., Stoodley, P., Hall-Stoodley, L. and Ehrlich, 
G. (2004) The role of biofilms in otolaryngologic 

infections. Curr Opin Otolaryngol Head Neck Surg 12: 
185-190.

Potera, C. (1999) Forging a link between biofilms and 
disease. Science 283: 1837-1839.

Qian, Z., Stoodley, P. and Pitt, W. (1996) Effect 
of low-intensity ultrasound upon biofilm structure 
from confocal scanning laser microscopy observation. 
Biomaterials 17: 1975-1980.

Roberts, F., Hacker, B., Oswald, T., Mourad, P. 
and McInnes, C. (2010) Evaluation of the use of 
ultrasound within a power toothbrush to dislodge 
oral bacteria using an in vitro Streptococcus mutans 
biofilm model. Am J Dent 23: 65-69.

Sharma, M., Visai, L., Bragheri, F., Cristiani, I., 
Gupta, P. and Speziale, P. (2008) Toluidine blue-
mediated photodynamic effects on staphylococcal 
biofilms. Antimicrob Agents Chemother 52: 299-305.

Surman, S.B., Walker, J.T., Goddard, D.T., Morton, 
L.H.G., Keevil, C.W., Weaver, W. et al. (1996) 
Comparison of microscope techniques for the 
examination of biofilms. J Microbiol Meth 25: 57-70.

Sutherland, I. (2001) Biofilm exopolysaccharides: a 
strong and sticky framework. Microbiology 147: 3-9.

Wagner, S., Jung, H., Nau, F. and Schmitt, H. (1993) 
Relevance of infectious diseases in a pediatric practice. 
Klin Padiatr 205: 14-17

Zur, K., Mandell, D., Gordon, R., Holzman, I. and 
Rothschild, M. (2004) Electron microscopic analysis 
of biofilm on endotracheal tubes removed from 
intubated neonates. Otolaryngol Head Neck Surg 130: 
407-414.

Visit SAGE journals online 
http://tar.sagepub.com

SAGE journals


