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Introduction
Historically, infections of the upper respiratory tract became of lesser 

significance with development of antibiotic treatments in the middle decades 
of the last century. However, the thought that these would eradicate many 
otolaryngologic infections forever did not eventuate. Chronic infections such as 
long standing otitis media with effusion (OME), chronic suppurative otitis media 
(CSOM), chronic sinusitis and chronic tonsillar infections are often recalcitrant to 
both systemic and topical antibiotic treatments. 

Despite the existence of excellent antibiotics for acute infections, challenges 
remain, these including management strategies for the above mentioned conditions. 
Studies have shown that bacterial biofilm and the presence of intracellular 
bacteria may represent a bacterial strategy for preservation to avoid eradication 
by antibiotics, either systemically or topically, or by the host immune system. 
It is this relationship between chronic infections of the upper respiratory tract, 
bacterial biofilms and intracellular bacteria which we will address in this chapter.
Bacterial biofilms

Bacterial biofilms are simply defined as clusters of bacteria embedded in 
a polymeric matrix with increased resistance to antibiotics and host defence 
mechanisms when compared to their “planktonic” or “free floating” counterparts 
1. Biofilms have been implicated in more than 80% of all human microbial 
infections 2 including those which are natural and device related. These include, 
but are not confined to, urinary tract infections, cystic fibrosis, periodontitis, and 
device related infections such as those of prosthetic heart valves, central venous 
catheters and contact lenses 3. Human tissues are attractive surfaces for biofilms 
due to their homeostatic nature and abundant simple nutrients 4. It is increasingly 
apparent that biofilm characteristics resemble many chronic and/or recurrent 
infections yet to have their pathogenesis satisfactorily defined 5. Biofilms on 
mucosal surfaces are physiologically distinct from those formed on inert surfaces 
and are modulated by host immune responses, with host cells and proteins 
contributing to the composition of the matrix 6.

Initial biofilm development may occur with no clinical signs of infection, due 
to the bacteria and associated toxins being retained within the matrix 7, this masks 
the bacterial antigens preventing a host inflammatory response 8, 9. Increased 
antibiotic resistance, decreased production of virulence factors and diminished 



257    X IAPO MANUAL OF PEDIATRIC OTORHINOLARYNGOLOGY

neutrophil activity, facilitate bacterial growth for extended periods 10. Bacteria 
forming biofilm are able to silently and persistently prolong infection acting as 
a reservoir so that when environment permits and host defence mechanisms fail 
to contain them, planktonic bacteria can be dispersed 7. It is these planktonic or 
aggregates of bacteria which cause acute clinical infections and against which 
the antibiotics may be effective until such time as emboli or planktonic bacteria 
are dispersed again 4, 6, 7, 11, 12. It is the eradication of the planktonic bacteria 
and subsequent lack of ability to culture bacteria which has led clinicians and 
microbiologists to assume the infection is cleared, however, through the use 
of PCR technology bacteria have been demonstrated indicating the underlying 
infection reservoir remains 4, 7. Acute clinical disease may recur weeks or months 
later making surgical removal of tissue or removal and replacement of medical 
device necessary if possible 4, 11, 12, or long term antibiotic treatment as seen in 
patients with cystic fibrosis 4.

Bacteria within biofilms are anywhere from 10 to 1000 times more resistant 
to antibiotics when compared to genetically identical planktonic bacteria 13, 14. This 
occurs	through	excretion	of	antimicrobial	substances	such	as	β-lactamases	into	the	
protective extracellular polymeric matrix or through the ready exchange of genetic 
material, including antibiotic resistance genes. When present intracellularly, 
bacteria are also largely protected from many of the antibiotics used to treat these 
disease processes. This likely occurs by two mechanisms, the first being that they 
are protected from antimicrobials with poor intracellular penetrating ability, and 
secondly, it is likely that they adopt the biofilm phenotype within these niches.

When present in biofilms bacteria are also more resistant to host defences, 
these cells are protected from phagocytosis, complement killing and opsonisation, 
antibody deposition and from immune cells 13, 14. In many cases it is thought that 
biofilms themselves are not highly pathogenic but that misdirected, ineffective 
immune responses can result in severe and sustained inflammation causing 
collateral damage to the sites 13.
Biofilm in OM

Initial imaging studies looking into biofilm involvement in OM were 
conducted in the chinchilla model of OM 15. More recent studies have demonstrated 
bacterial biofilm in children mainly through the use of non-specific imaging 
techniques including SEM and LIVE/DEAD staining combined with confocal 
laser scanning microscopy. We first demonstrated biofilm on the middle ear 
biopsy of a child suffering CSOM in 2004 16, more recently biofilm has been 
demonstrated on a group of children with rAOM and chronic OME by Hall-
Stoodley et al 17, S. aureus biofilm has been seen on the biopsies of 8 out of 10 
adults with CSOM 18 and 6 of 10 middle ear biopsies from adults with CSOM, 
using LIVE/DEAD staining and SEM 19. Another recent study conducted by 
Saunders et al, used SEM to demonstrate that a low proportion of patients with 
cholesteatoma (3 of 5) and only 1 of 7 patients with CSOM had any evidence of 
biofilm 20. These studies are all limited and bacterial species have been identified 
in only a subset of the children. One study in Greenland found evidence of biofilm 
in smears of the middle ear effusion from children with CSOM but no evidence 
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in children with chronic OME 18. To date most reports (except Hall-Stoodley et al 
17) have limited analysis to single organisms in biofilm in OM while multispecies 
biofilms are often observed in other disease processes. 

Biofilms have also been demonstrated on the adenoids of otitis prone children 
using SEM 21, using LIVE/DEAD viability staining 22, 23 and using species specific 
FISH 21. Children with rAOM are seen to have more extensive biofilm coverage 
than those with OME (97.6% versus 27.7%) 24. Using FISH it was shown that 
the biofilms present contain OM pathogens and are frequently polymicrobial 21. 
Bacterial clusters were seen to be evident within the host epithelial cells 21. It is 
thought that it is the removal of this reservoir that leads to the improved resolution 
and decrease in AOM recurrence following adenoidectomy 21.
Intracellular infection

An additional mechanism for persistent and recurrent bacterial infection may 
be the sequestration of pathogens intracellularly. When they become intracellular, 
microbes can evade both host immune responses and many antimicrobial 
therapies which do not penetrate the cell membrane well. Viruses, bacteria and 
parasites alike are all able to use intracellular infection to escape host immune 
responses and persist in the body. 
Intracellular infection in OM

Little evidence of intracellular bacterial persistence exists in chronic and 
recurrent mucosal diseases such as otitis media. However, in vivo and in vitro 
data suggests the otopathogens are capable of invading and surviving within cells, 
though mechanisms for this are not well characterised. The ability of bacteria 
to invade epithelial cells may be a useful strategy for bacteria to colonise the 
respiratory tract and avoid extracellular immune recognition 25. Using transmission 
electron microscopy, we have previously demonstrated intracellular infection by 
gram positive cocci in 36% of middle ear mucosal biopsies of children with 
chronic OME 26. This was the first study to demonstrate that intracellular infection 
of the middle ear mucosal epithelium may be associated with chronic OME. We 
believe that intracellular persistence contributes to middle ear inflammation, to 
excessive mucus production and provides a bacterial reservoir leading to recurrent 
infection.

Streptococcus pneumoniae, nontypeable Haemophilus influenzae (NTHi), 
Moraxella catarrhalis, Pseudomonas aeruginosa and Staphylococcus aureus 
are all well recognised pathogens associated with recurrent and persistent otitis 
media and they are all capable of invading and persisting within cells. Intracellular 
persistence not only allows immune evasion from sIgA, bactericidal IgG and 
defensins 27 but it also shields the bacteria from the action of antibiotics and 
provides a means by which clearance is avoided 28, 29. Once inside the epithelial 
cells, bacteria are also protected against certain classes of antibiotics including the 
β-lactam	antibiotics	29, 30 commonly used in the treatment of OM. 

Intracellular persistence of NTHi has been demonstrated in many chronic 
conditions such as chronic obstructive pulmonary disease 31, in adenoids in rAOM 
32-34 (Figure 1), chronic bronchitis and cystic fibrosis 35. NTHi is capable of 
invading and persisting within the macrophage-like cells of adenoids in children 
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with rAOM 32-34 and epithelial cell lines and leukocytes in vitro 29. Like nontypeable 
H. influenzae, M. catarrhalis can colonise and exist either intracellularly or 
extracellularly in the human respiratory tract 25. They have also been shown to 
be present in the crypts, intraepithelially, subepithelially and intracellularly in the 
adenoid, co-localising with macrophages and B cells in lympoid follicles 27. While 
this has previously been considered an extracellular pathogen, M. catarrhalis has 
been shown to invade respiratory epithelial cells in vitro and appears to actively 
induce this process 27 by a macropinocytosis like mechanism 25.

Figure 1: Confocal laser scanning microscopy image from an adenoid of a child with recurrent AOM 
and chronic OME. Child was receiving bilateral ventilation tubes and adenotonsillectomy. Biopsy was 
hybridised with fluorescently labelled oligonucleotide probes specific for M. catarrhalis (green), S 
pneumoniae (grey) and a universal bacterial probe (EUB338 - red). Host cell nuclei were counterstained 
with Hoechst 33342 and can be seen as blue. This image demonstrates S. pneumoniae (pink in the overlay) 
both intracellularly (arrows) and interspersed throughout the tissue particularly closely located to a crypt. 

S. aureus has been seen to internalise into non-professional phagocytes 
in a few patients with rhinosinusitis and in the tonsillar cells of children with 
recurrent tonsillitis 36. Similarly P. aeruginosa has been shown to enter epithelial 
cells in vitro, developing pod-like clusters with biofilm characteristics 37. S. 
pneumoniae is seen to invade and persist intracellularly also, though variation is 
apparent between strains 38. It is clear that those strains which are isolated from 
the nasopharynx are seen to produce less capsule than those isolated from the 
bloodstream and are more prone to biofilm formation 38. S. pneumoniae in in vitro 
systems can penetrate and persist in respiratory cell lines, though this ability is 
reduced in the presence of the polysaccharide capsule 39 which is an important 
virulence factor in this bacteria protecting it from phagocytosis 40. 
Biofilm in chronic rhinosinusitis (CRS)

Many studies have demonstrated a high incidence of bacterial biofilm in 
CRS patients and are found in anywhere from 30-100% of patients studied 41. High 
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rates of biofilm have also been demonstrated on the adenoids of CRS patients 
when compard to obstructive sleep apnoea controls 42. While the role these play 
in disease pathophysiology remains to be fully elucidated it is suggested that 
biofilm plays an important role in this multifactorial condition 43. Though disease 
severity and surgical responsiveness do not appear to relate directly to the presence 
or absence of biofilm in patients with CRS, these are related to the microbiology 
and amount/morphology of biofilms present 43, 44. When studied by Li et al and 
assigned a bacterial biofilm score, patients whose sinus mucosal specimens received 
higher scores when considered using imaging were observed clinically to have 
significantly more severe CRS using: 1) the sino-nasal outcome test-20 (SNOT-20), 
2) endoscopy score and 3) symptom duration 43. These differences were not apparent 
when these were considered only with biofilm presence or absence 43. 

CRS disease patterns and the surgical responsiveness are also seen to relate 
to differences observed in the bacterial species that are present in the biofilms 
43. H. influenzae present in single organism biofilms tend to be found in patients 
with more mild disease which responds well to surgical treatment where normal 
mucosa is achieved a short time following surgery 45. However, P. aeruginosa and 
S. aureus are linked to more severe infections which are recalcitrant to surgery 
41, 43, 44. Furthermore, patients with S. aureus in their biofilms tend to progress 
poorly overall with symptom scores and quality of life outcomes as well as 
having significant differences in nasoendoscopy scores 44. Coagulase negative 
Staphylococci are often cultured from patients with CRS, however these have not 
been related with poor disease clinical evolution and are likely to represent more 
of a contaminant than a pathogen 41, 46. Polymicrobial biofilm presence are seen to 
have adverse affects on disease severity both preoperatively and postoperatively 
with patients requiring significantly more postoperative visits 44. There appears 
to be differences between CRS in adults and children both histologically 47 and 
microbiologically 47, 48. As most studies have been conducted in adults this may 
have an effect on the application of findings from one age group to the other and 
future studies should think about including paediatric cohorts. 
Chronic and recurrent tonsillitis

Acute tonsillitis appears to respond well to antibiotic therapy however 
the effect these have on the recurrent disease appears to be limited. Many of 
the treatments prescribed to children with tonsillitis fail to eradicate organisms 
fully and as such carriage of S. pyogenes persists 49. It has been shown that 
more than three quarters of tonsils removed for recurrent tonsillitis are seen to 
harbour	bacteria	which	produce	β-lactamase	capable	of	providing	resistance	from	
β-lactam	antibiotics	50-53 this has also been shown to be present free in the tonsillar 
tissue 54. The response to initial antibiotic treatment and the lack of an effect on 
disease recurrence may relate to the persistence of bacteria in biofilm form or 
intracellularly. As such, removal of chronic purulent foci and sequestered bacteria 
is still the major benefit of tonsillectomy 55.

Bacterial biofilms containing both Gram-negative and Gram-positive 
organisms were first demonstrated in the tonsillar crypts of patients with both 
recurrent tonsillitis and obstructive sleep apnea by Chole and Faddis in 2003 56. 
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These were further demonstrated on the tonsils of 70.8% of children with chronic 
or recurrent tonsillitis using scanning electron microscopy 23, 57, and confocal laser 
scanning microscopy combined with LIVE/DEAD staining and Concanavalin A 
staining to demonstrated the biofilm matrix 23. Even when patients with chronic 
and recurrent tonsillitis do not show clinical symptoms of infection, most adenoids 
and tonsils had evidence of ongoing purulent infections or diffusely infiltrating 
bacteria 55 (Figure 2). 

Figure 2: Tonsil from a child having an adenotonsillectomy for recurrent acute tonsillitis and obstructive 
sleep apnoea. The section of tonsil was hybridised with a universal bacterial probe (green) and 
counterstained with Hoechst 33342 (blue) before imaging with confocal laser scanning microscopy. This 
image shows evidence of bacterial biofilms (arrows) in the tonsillar crypt.

Infection patterns appear to differ with age with diffuse bacterial infiltration 
being observed more in infants and decreasing after about 4 years of age after 
which point an increase is observed in fissures and crypts 55. These fissures and 
diffusely infiltrating bacteria were no longer present in patients older than 25yrs 
where only small patches of adherence and crypt communities were evident 55. In 
one study, H. influenzae were shown to be present at the highest rates in infants 
and were located diffusely throughout the tissue, these bacteria were not present 
in adults where Streptococci sp. were predominant 55. In an older group of patients 
S. aureus was demonstrated to be the predominant specie in recurrent tonsillitis 
patients, while S. pyogenes was most prevalent in patients with peritonsillar 
abscess 36. Importantly though, almost all S. aureus were demonstrated to be 
located intracellularly within tonsillar cells and 80% of patients demonstrated 
polymicrobial infections 36. When tested in vitro, each recurrent tonsillitis S. 
aureus isolate was susceptible to clindamycin, which has in the past been used 
successfully to eradicate of S. pyogenes strains involved in recurrent infections 36. 
In chronic tonsillitis with chronic sore throat, halitosis and coughing up of cryptic 
debris, the debris is a combination of undigested food and bacteria including 
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Actinomyces. If gentle massage of the tonsils is not successful at resolving this, 
treatment is surgical removal of the tonsils.
What are the implications for biofilm and intracellular persistence on clinical 
practice?

It is likely that a balance of intracellular infection and biofilm formation are 
responsible for the persistence and recurrence of disease in a susceptible group 
of children. Whilst efforts are being exerted into the treatment of biofilm in these 
diseases, intracellular persistence should also be considered. 

Current	 treatment	 regimens	 for	 treating	 AOM	 with	 β-lactam	 antibiotics	
(including amoxicillin-clavulanate and cephalosporins) may be less effective 
in eradicating bacterial persistence and treating the underlying cause of these 
conditions as they do not penetrate intracellularly. Antibiotics such as the 
macrolides, ketolides and fluoroquinolones which penetrate and concentrate 
intracellularly may be more useful. A study conducted by Courter et al however 
has indicated that more clinical failures are observed when children with AOM 
are treated with macrolides compared to those treated with amoxicillin and 
amoxicillin-clavulanate 58. This difference may reflect the increased bacterial 
resistance	 to	 the	macrolides	when	 compared	 to	 the	 β-lactams	 58. This has also 
been observed in the Israeli studies where amoxicillin-clavulanate demonstrated 
a superior ability to eradicate bacterial pathogens from the middle ear fluid when 
compared to azithromycin 59. These findings may reflect the differences in the 
target	pathogens,	 the	β-lactam	antibiotics	may	still	be	more	effective	at	 treating	
the acute planktonic phase bacteria, while the macrolides may have a more 
important role in targeting underlying intracellular bacterial sequestration. This 
needs to be considered further though as some evidence from in vitro studies 
into P. aeruginosa infection of an epithelial cell line suggests that bacteria within 
the cell adopt a biofilm phenotype and consequently are insensitive to antibiotic 
killing 37. It may be important to consider using a combination of these to improve 
treatment efficacy, though this would require clinical trials to determine. 

The macrolide antibiotics may also affect nasopharyngeal carriage as was seen 
in a recent study by Morris et al, where treatment of Indigenous children with AOM 
with a single dose of azithromycin reduced nasal carriage of both S. pneumoniae 
and nontypeable H. influenzae when compared to children treated with amoxicillin 
for seven days 60. It is known that in the nasopharynx of the Indigenous children 
that 36% of organisms exist in a non-cultureable state, detectable by PCR 61, it is 
unclear if these are present in biofilm formation or intracellularly. It may be that 
these pathogens can persist in the nasopharynx intracellularly and that changing 
antibiotics may decrease pathogen carriage in the nasopharyngeal space and 
possibly those sequestered similarly in the middle ear. Given results demonstrating 
pathogens are present both intracellularly and in biofilm it is likely that to effectively 
treat this condition, combinations of antibiotics will need to be used in conjunction 
with other treatments to target both mechanisms of persistence.

Future treatments will need to involve combination treatments. These will 
likely include the use of antimicrobials capable of targeting both intracellular and 
extracellular pathogens, mechanisms to interfere with bacterial communication 
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necessary for biofilm formation and maintenance 41, 62 and novel therapies 
nontoxic to the mucosa that disrupt the biofilms directly 41. Macrolides or 
quinolones may be useful as part of these combinations and warrant further 
investigations as they target not only intracellular pathogens but are demonstrated 
to inhibit quorum sensing and reduce the host inflammatory response 63. However, 
changing any treatments to target these persistence mechanisms will need to be 
closely monitored as less than complete biofilm eradication may stimulate the 
proliferation of the biofilm acting to increase mucosal inflammation and clinical 
disease severity 41. 
Ventilation tube insertion with or without adenoidectomy?

Most cases of OME resolve spontaneously and antibiotic therapy is seen to 
have limited efficacy 64. When OME persists for four months or more ventilation 
tubes may be inserted depending on hearing status, a child’s developmental risk, 
and/or structural damage to tympanic membrane or middle ear 64. For children 
older than one year who have had previous ventilation tube insertion, adjunct 
adenoidectomy may be appropriate 64. If rAOM is superimposed on non-resolving 
OME the suggested management involves ventilation tube insertion as primary 
treatment 65. While this is seen to be effective short term, almost one third of 
children will require reinsertion of ventilation tubes for the recurrence of OME 
and subsequent hearing loss or for rAOM 66.

Debate exists as to whether adenoidectomy in addition to insertion of 
ventilation tubes should be used as a primary treatment in children with rAOM 
and/or chronic OME. It is unclear if adenoidectomy works due to removal of 
a mechanical obstruction of the Eustachian tube or the removal of a reservoir 
of pathogenic organisms 67, 68. Only one study has considered the change in 
nasopharyngeal carriage following adenoidectomy with ventilation tube insertion, 
this showed carriage of H. influenzae or M. catarrhalis was not affected however 
S. pneumoniae carriage was increased 69. It is known that adenoids can harbour 
many of the known otopathogens and adenoidectomy often improves disease 
resolution and decreases AOM recurrence 21. In the literature, one study saw no 
difference in time spent with effusion or OM, when comparing children with 
chronic OME who had undergone ventilation tube insertion alone with those 
who had undergone adenoidectomy and ventilation tube insertion during the 36 
months of follow up 67. Other randomised controlled trials have indicated that 
adenoidectomy is more efficacious for chronic OME treatment in older children, 
while ventilation tube insertion is best advised for younger children 67. A large 
population based study was conducted in Western Australia including 51 373 
children under 10 years of age undergoing ventilation tube insertion between 
1981 and 2004 68. Having an adenoidectomy or adenotonsillectomy at the time of 
first or subsequent ventilation tube insertion was associated with a 57% and 28% 
(respectively) reduced risk of further ventilation tube insertion surgery compared 
to ventilation tube insertion alone 68. As approximately one third of children will 
have more than one ventilation tube insertion procedure, the low complications 
rates from adenoidectomy and the short hospital stay may indicate this as an 
adjunct with ventilation tube insertion, could represent a potentially cost effective 
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first line management option for chronic OME 68. Contradicatory to the high rates 
of rAOM and OME in Indigenous children, there appears to be a reluctance to 
perform additional pharyngeal surgery at time of ventilation tube insertion, it 
is unclear if this is due to difference in disease pathogenesis or if this is a result 
of access issues 68. In the population based study in Western Australia, many 
children had their adenoids or tonsils out in conjunction with the first or second 
insertion of ventilation tubes with chronic OME as the sole indication; this may 
reflect the growing awareness in targeting the underlying aetiology 68. Alternative 
management strategies for decreasing the need for reinsertion of ventilation tubes 
in children with rAOM and chronic OME are needed
Treating chronic suppurative OM - Why wash ears instead of using tissue 
spears?

CSOM in the Australian Aboriginal population remains a big problem 
with rates between 15-24% 70, 71, well above the WHO level of 4% indicating 
a massive public health problem 72. Treatment of CSOM in Australia differs 
between states, particularly between Western Australia and the Northern Territory. 
Recommended treatment includes management with aural toileting, ototopical 
medications and possibly systemic antibiotics 73. In Western Australian Aboriginal 
children experiencing CSOM, gentle syringing with a 0.5% povidone-iodine 
solution, followed by topical ciprofloxacin has proven effective at community 
level for achieving up to 64% cure rate for CSOM 74, these rates are up to 3 fold 
that observed in children treated with previously recommended aminoglycoside 
treatments 75. Rates are similar to those observed when treating CSOM with aural 
cleansing and irrigation in a Korean population 76.

Comparisons of topical Ciprofloxacin and Sofradex (framycetin-gramicidin-
dexamethasone) in Indigenous children in the Northern Territory, showed low rates 
of improvement or cure of persistent CSOM regardless of choice of therapy 77. Ear 
discharge failed to resolve in 70% of children and the severity of discharge failed 
to improve in more than 50% of children 77. Of the one third of children achieving 
dry ears by the end of intervention period, many relapsed before the end of the 
school year demonstrating the low cure rate in this population 77. Rates are very 
different between states despite the use of the same topical Ciprofloxacin. The 
major difference between states is the ear cleaning prior to instilling the topical 
ear drops, in the Northern Territory dry mopping with tissue spears is practised 
77 as opposed to ear toileting in Western Australia. This may account for some 
differences in success rates between the children if the perforation is blocked and 
topical antibiotics are unable to reach the infection site 78. Alternatively, it may be 
that as is observed in orthopaedic biofilm infections, irrigation with any solution 
is better than no irrigation to reduce microbial numbers; however irrigation with 
a surfactant is superior to saline or antibiotics alone 79. 

Biofilm presence and intracellular infection with known otopathogens on the 
middle ear mucosa of indigenous children with CSOM may help to explain different 
treatment efficacies between Ciprofloxacin (a fluoroquinolone) and Framycetin-
gramicidin- dexamethasone (Sofradex - an aminoglycoside). A study by Couzos et 
al demonstrated ciprofloxacin to be more effective at achieving a community level 
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cure for CSOM than the topical aminoglycoside 74. These differences may be due to 
the ability of the fluoroquinolones to penetrate into the cells and target sequestered 
pathogens. The comparative ineffectiveness of the topical aminoglycoside may 
be related to the associated induction of biofilm formation in bacteria 80. While 
the induction of biofilm formation by aminoglycosides has been demonstrated in 
P. aeruginosa this effect has not considered in other otopathogens. The ability of 
antibiotics to induce biofilm formation in bacterial targets should be considered 
when treating chronic or recurrent disease processes. While these differences 
between treatments with ciprofloxacin and Sofradex were not observed in a study 
conducted by Leach et al 77 this may reflect the differences in ear cleaning prior to 
topical treatments. Studies in the chinchilla OM model have indicated that lavage 
of the middle ear space results in the removal of biofilm from the mucosal surface 
81. It is possible that the aural toileting of the children’s ears prior to treatment in 
the Couzos study 74 reduced the biofilm load and allowed optimal penetration and 
action of the antibiotics. Topical aminoglycoside ear drops are no longer advised 
for use where there is a perforation of the tympanic membrane due to ototoxicity 
issues 82. Studies comparing aural toileting plus ciprofloxacin with dry mopping 
and ciprofloxacin should be conducted.
Conclusion

Bacterial biofilms and intracellular infections play a large role in the 
chronicity of many upper respiratory tract chronic infections. Currently, mechanical 
removal of the biofilm, removal of the organ (in the case of chronic tonsillitis) or 
targeted antibiotic therapy are the best options for management. Future treatments 
incorporating agents targeting intracellular pathogens in combination with novel 
biofilm dispersing agents may provide more specific therapy for eradicating 
bacteria both within biofilms and intracellularly.
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