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ABSTRACT

Chronic rhinosinusitis (CRS), fairly common disease in the field of otorhinolaryngology, is the focal point of thorough study
of the pathophysiology and treatment strategies for a favourable evolution of patients with this problem. Although there have
been important advances in the treatment of CRS, signs and symptoms still remain long after functional endoscopic sinus
surgery (FESS), indicating the persistence of the biofilm infection on the sinus mucosa. This review aims to highlight the rela-

tionship between bacterial biofilm and CRS, and also the available treatment strategies of the latter.
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INTRODUCTION

Chronic rhinosinusitis (CRS) is a very common con-
dition and, although there are an abundant number
of studies on this topic, there still are uncertainties
when it comes to understanding its pathophysiology
and the correct therapeutic attitudes. In fact, Ben-
ninger et al. suggested, in a recent article, that CRS is
a medical disorder of mucosal inflammation which af-
fects the nose and sinuses, lasting at least three
months, with numerous, disparate and frequently
overlapping potential causes'2. The role of infection is
very controversial in rhinology, but with a recognized
importance in recalcitrant chronic rhinosinusitis®>*.
Recent studies argue the presence of the biofilm, espe-
cially in the case of pathogenesis of refractory CRS.
Topical nasal steroids, saline lavage and antibiotics are
the usual treatment in the management of CRS. Func-
tional endoscopic sinus surgery (FESS) represents the
easiest surgical treatment method with many advan-
tages over more conventional techniques, like Cald-
well-Luc and others®. The purpose of this method is to
reestablish the normal function of the sinus, normal
ventilation, and ciliary clearance®. The outcomes after

FESS depend on CRS pathogenesis and on the thera-
peutic route after surgical treatment. This is why it is
essential to understand biofilm interactions, the mi-
crobial organism behaviour and the ability of microor-
ganism components to detach and disperse”®.

BIOFILM: STRUCTURE AND FUNCTION

During the 18th century, Robert Koch was the au-
thor of an essential work that formed the source of
modern microbiology, and that explained the rela-
tionship between bacterial microorganisms and dis-
eases. For the first time, these sessile communities,
bacterial aggregates that live on the human body, were
described and named in 1978, while later direct ex-
amination demonstrated that the biofilm had a com-
plex and individual structure, different from their
planktonic counterparts *'2,

Biofilm represents an organized community of bac-
teria, which live on both the mucosal surface and for-
eign body, and are resistant to difficult conditions of
life, controlled by different genetic pathways depend-
ing on growth conditions and exposure to membrane-
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targeting antibiotics!®!!. Their structural composition
is characterized by a three-dimensional complex with
a cell component (£15% of their volume), matrix ma-
terial (x85% of their volume) represented by polysac-
charides, nucleic acids, proteins and extracellular
DNA and a rich network of ramifying water chan-
nels'*!3. The structure of biofilms is sophisticated, the
distribution of the cells in the matrix being remarka-
ble as well. It could be concluded that the matrix com-
ponents may dictate these cells’ precise location. The
structure and the function of biofilms are coordinated
through regulatory signals, like hormones or phero-
mones, identified for the first time in 19984,

Stoodley et al. have demonstrated that these bacte-
rial aggregates have the possibility of moving, by creep-
ing properties, under the influence of regulatory sig-
nals, and enhance the biofilm’s survival and viru-
lence®!".

A variety of bacteria, which are called fixed nasal
floras, normally not pathogenic floras, can live in a
normal nasal cavity. It can be formed of common aero-
bic bacteria like Staphylococcus, Enterobacter,
Corynebacterium diphtheroids, Pseudomonas aerugi-
nosa. Anaerobic bacteria could also be found, like
Peptostreptococcus, Prevotella melaninogenica and
Propionibacterium. Corynebacterium diphtheroids
and B catarrhalis are found, as normal bacterial flora,
in the respiratory tract, with a non pathogenic charac-
ter. Frequently, Staphylococcus aureus and Strepto-
coccus pneumonia are considered pathogens, and
form nasal biofilms. Sanderson et al. show in a recent
study that the Haemophilus influenzae is the most pre-
dominant species, in combination with biofilms of S.
aureus and S. pneumonia, which are also present, but
to a lesser degree. The balance between normal flora
and pathogens creates a local resistance against the
invasion of foreign pathogens and stimulates the
body’s immune defense!'®%.

For a better understanding of biofilm action, we
need to know the formation and the maturation of
these sessile communities. In the presence of a sup-
portive nutrient, that promotes the replication of bac-
teria, the trigger event is the adhesion of planktonic
bacteria to a mucosal surface. This event is determined
and supported by reversible physical forces. If the sta-
bility of the bacteria on this surface is not immediately
stopped, or the antimicrobial defence of this surface
is not strong enough, a phenotypic change that per-
mits powerful connections, by means of adhesins, will
take place. After that, the adhesion of extra bacteria to
the surface is facilitated, with the formation of bacte-
rial colonies. The attachment of bacteria itself initiates
the synthesis of an extracellular matrix with protective
properties. The continual adhesion of other bacteria
and the cellular division ensure the continued growth
and maturation of the biofilm, with a powerful archi-

tecture of microcolonies and channels®*?®. Research

on biofilm maturation emphasizes an important phe-
nomenon about the acyl-homoserine lactone signals,
which are generated by individual bacterial cells, hav-
ing the potential to gather and determine the appear-
ance of explicit collections of genes®.

From an evolutionary approach, bacteria from bio-
films have a number of strong points to stay alive and
prokaryotic continuation. Life in the form of bacterial
aggregates is safer, and so is the opportunity to act and
to collaborate together, and more than that, to use in
common hereditary material with other cells. Also,
biofilms are actually not so vulnerable to the influence
of the environment, for example ultra-violet emission,
dryness, fluctuation of pH and osmolarity*. In this
context, it was in the 1970s that Characklis studied bio-
films in industrialized water facilities and highlighted
their obstinacy and strength in front of disinfectants,
for example chlorine®.

BIOFILM AND CHRONIC DISEASE

The human body nestles from 10 to 100 trillion mi-
crobes which play a fundamental role in our well-be-
ing, so defining a healthy microbial state is a critical
step for discovering how variations in the microbiome
may contribute to or cause a wide range of diseases®.
Following the latest developments in the field, scien-
tists began to understand and explain the influence of
bacterial biofilms in case of persistent diseases. By con-
trast with acute infections, caused by bacteria pre-
sented exclusively in planktonic type, biofilms are ex-
tremely able of causing persistent feedbacks from the
immune system, creating a persistent infection that
might be better considered “tenacious survival” more
willingly than hostile virulence?®. Biofilms prefer inert
surfaces, necrotic tissue or medical devices, grow
slowly with silent symptoms and can live in one or
more locations. The host’s reaction is prompt, stimu-
lating the production of antibodies, which cause com-
plex damage to surrounding tissue, and the cellular
and humoral immune reactions can rarely eradicate
the biofilm infection®. The structure of biofilm is fa-
vourable to a decline of the oxygen and nutrient gradi-
ent, from periphery to center, which determines the
fall of the metabolic gradient in the same way; also, the
resistance of antibiotics and the capacity of native and
adaptive host defences are compromised. These char-
acteristics explain the implication of the biofilm in
persistent and recurrent infectious diseases'**. As
such, biofilms play an important role in the pathogen-
esis of many human body infections like otitis media,
chronic prostatitis, pneumonia, line sepsis, osteomy-
elitis, periodontal disease and recurrent recalcitrant
or persistent CRS or just CRS*#.
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BIOFILMS AND CRS

One of the most common chronic diseases in the
field of rhinology, CRS affects 4 to 28% of the Euro-
pean and US populations and has many socio-eco-
nomic implications. The patient’s quality of life is al-
tered because of at least two symptoms: nasal conges-
tion or nasal discharge (anterior/posterior nasal drip)
and nasal blockage, to which one can add facial pain,
headache and decreased sense of smell?’.

CRS is one of the most frequent pathologies met at
nasal and paranasal level, an important role being
played by inflammatory changes occurring to the osti-
omeatal complex, composed by maxillary sinus ostia,
anterior ethmoidal cells and their ostia, ethmoid in-
fundibulum, hiatus semilunaris and middle meatus.
These changes affect the mucociliary clearance and
patent ostia, causing hypoxia, mucosal congestion,
ciliary epithelial damage, pH alteration, increased se-
cretions and bacterial proliferation®*,

A variety of factors were found to be involved in
CRS pathogenesis, such as histopathology, tissue re-
shaping, ciliary dysfunction and epithelial barrier mal-
function, inflammatory cell and T cell patterns **2.

The role of infection as a potential pathophysio-
logic mechanism in CRS has been a source of consid-
erable debate in rhinology®. Hochstim, Joung at al.
demonstrated that bacterial biofilms are strongly as-
sociated with persistent mucosal inflammation, for a
longer period of time®*.

The microbiology of CRS is polymicrobial, and the
predominant organisms reported include Staphylococ-
cus aureus, coagulase negative Staphylococcus, H. in-
fluenzae and various gram-negative organisms, such as
Pseudomonas aeruginosa, Escherichia coli, and Steno-
trophomonas maltophilia®***%. Trifillis et al., in a 1998
study, described different degrees of denudation for

Figure 1 CT scan of the paranasal sinuses

mucosal changes in CRS, which can cause favourable
conditions for biofilm formation*’. The surface rough-
ness and hydrophobicity are frequently met conditions
in CRS; also, ample food supply and favourable tem-
perature are positive factors for biofilms development*'.

The objective evidence of CRS is provided through
anterior rhinoscopy, endoscopy or CT. Anterior rhinos-
copy can recognize polyps, purulent leakage or poly-
poid modifications, mucosal abnormalities, confirmed
through nasal endoscopy. Mucosal malformations of
the middle meatus are identified through nasal endos-
copy and CT (Figure 1). Imagistic investigations, like
CT or MRI, offer more information about the osti-
omeatal complex or sinuses; MRI is moreover explicit
and is not suggested for the diagnosis of regular CRS*".

To highlight the presence of biofilm in a wound,
scientific evidence is needed, represented by micros-
copy visualization. A series of staining and molecular
procedures include the staining for extracellular poly-
meric substances, like calcofluor white/ethidium bro-
mide, Congo red/Ziehl carbol fuchsin, safranine/
FITC-ConA, and DAPI/PAS. Peptide nucleic acid—flu-
orescence in situ hybridization is a molecular tech-
nique which can identify bacterial aggregates in host
tissue****. Electron microscopy and confocal laser
scanning microscopy represent the methods fre-
quently used in previous studies. James et al. found
that electron microscopy of biopsies from chronic
wounds is significantly populated by dense bacterial
aggregates (60% of the specimens) by comparison to
fewer bacteria (6%) in the case of biopsies from acute
wounds®. Those interpretations could clarify the prog-
nosis for recalcitrant CRS or the different evolution in
the case of chronic versus acute wound healing***.
Hematoxylin and eosin staining is a cheap and handy
method for detecting biofilms in CRS, that could pre-
dict the evolution after FESS (Figure 2).

Figure 2 Hematoxylin and eosin staining
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MANAGEMENT OF CRS WITH BIOFILM
IMPLICATION

Systemic antibiotics

The occurrence of biofilms in CRS may have con-
siderable influence on therapy attitude, as it is known
that bacteria that form biofilms are commonly re-
sistant to typical forms of antimicrobial therapy*. The
mechanisms of antimicrobial resistance are not com-
pletely understood, but it is presently known that the
biofilm matrix is resistant to usual antimicrobial
agents. The main objectives for antimicrobial treat-
ment efficacy are to reestablish sinus ventilation and
mucociliary clearance, to kill pathogenic bacteria.
Thereby, we concentrate our attention on topical
chemical and mechanical treatments. The goal of an-
tibiotics is to treat especially acute exacerbations of
CRS. Antibiotics are usually prescribed for 2 — 4 weeks,
and supply broad-spectrum coverage beside the patho-
gens described previously??*. A number of studies un-
derline the resistance of antibiotic for isolates in bio-
films. The most common is methicillin-resistant S.
aureus, also important is vancomycin-resistant Entero-
coccus, and rarely met multidrug-resistant Acinetobac-
ter baumannii.

Macrolide therapy for CRS, in low doses, is consid-
ered unique for its anti-inflammatory properties. It
has recently been demonstrated that Clarithromycin
therapy alters the structure of biofilms***. Also,
moxifloxacin administered at levels approaching min-
imal inhibitory concentration can determine a signifi-
cant reduction (99%) in the number of lively bacteria
in a controlled in vitro mature Staphylococcus aureus
biofilm. Ceri et al. demonstrated that Pseudomonas
biofilms are susceptible to minimal inhibitory concen-
tration of gentamicin and very susceptible to ceftazi-
dime and piperacillin*. Recent studies show that
mupirocin treatment can significantly reduce all S.
aureus isolates®. It can be assumed that this treatment
for Staphylococcus aureus biofilms could have an im-
portant role.

Topical treatment

Saline lavage is a good option for topical treatment
in CRS, while in CRS with bacterial biofilm it could
also be maintained as a good treatment option, be-
cause the polymers that compose the extracellular
polymeric substance have a good solubility in water.
So, itis expected that the biofilm will disperse into the
saline solution when we apply it to the nasal mucosa.
But many biofilms are resistant to saline lavage, the
best example is that of Pseudomonas aeruginosa bio-
films — due to the calcium-ion bridging that cross-links
mannuronic/guluronic acids, the biofilm dispersion is
prevented, this making saline irrigations inefficacious.
However, theoretical advantages of saline lavage are

the reestablishment of the mucociliary flow, the mu-
cosa hydration, and the mucosa cleaning from toxic
and irritative substances**"4,

Topical antibiotics therapy is an alternative to sys-
temic antibiotherapy, having the goal to deliver the
antibiotics at the sinus mucosa surface. In this case,
concentration may be adjusted.

In vivo rabbit models of maxillary sinusitis, Ceri et
al. attempted to eradicate Pseudomonas mucosal
biofilms with high concentrations of topical tobramy-
cin, but the results underline a persistence of live
bacteria at the sinus mucosa surface**. A recent
study shows that topical irrigations with mupirocin
can significantly reduce all S. aureus isolates. It can
be assumed that this treatment for Staphylococcus
aureus biofilms could have an important role®. Also,
in a recent study, Ezzat et al. reported a significant
improvement in patients after treatment with topical
ofloxacin®.

Topical corticosteroids are strongly recommended
as well, but evidence is moderate. A real recommen-
dation of this treatment is justified in the case of CRS
with polyps, which is associated with a great risk of
biofilm formation, and for which the reduction of
inflammation has been shown. Optimal action of
corticosteroids is evident during the immediate post-
surgical period, when the opened sinuses are associ-
ated with an optimal penetration inside the sinus
cavities, and the application is better to the sinus mu-
cosa. A diversity of corticosteroid delivery methods
to the paranasal sinuses exists, such as steroid drops,
and, with a high utilization, atomizers and steroid
irrigations. With a highly efficient area of action (es-
pecially the middle meatus), a combination of bude-
sonide and saline is commonly used in the treatment
of refractory disease**.

Surgical treatment

For patients with refractory symptoms, which persist
after appropriate medication has been administered,
surgery represents the key in the management of CRS
with bacterial biofilm. FESS has as goals to remove pol-
yps, pus or debris from the sinus, to reestablish good
sinus ventilation, smooth drainage, and to promote its
mucosal, morphologic and functional improvement
and recovery'??*5! (Figure 3).

It is important to have a proactive attitude during
the immediate post-surgical period, because only rig-
orous post-surgery attention and hygiene, including
crust debridement, removal of secretions, saline la-
vage and prolonged use of topical corticosteroid
sprays can lead to a proper healing of the wound®'.

However, a serious challenge for clinicians remains
the fact that biofilms persist after treatment, and may
cause the unfavourable outcomes of CRS surgery.
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Figure 3 Surgical treatment - FESS

CONCLUSIONS

Biofilm has an important role in persistent and re-
current symptoms after FESS, in the case of CRS that
is unresponsive to intense medical management. Bac-
teria that compose biofilms are frequently met on the
surface of wounds and are considered to have an im-
portant role in the incapacity of these wounds to heal.
Further studies are needed to ascertain the clinical
factors influenced by biofilms in CRS patients and to
identify the factors that affect the formation and treat-
ment of biofilms.
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