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SUMMARY

A key role of bacterial biofilm in the pathogenesis of chronic rhinosinusitis (CRS)
with (CRSwNP) and without nasal polyps (CRSsNP) is commonly accepted. How-
ever, the impact of some bacterial species isolated from inflamed sinus mucosa on
biofilm formation is unclear. In particular, the role of Staphylococcus epidermidis as
aetiological agents of CRS is controversial. Moreover, the effect of biofilm formation
on neutrophil infiltration and activity in CRSwNP calls for explanation. In this
study, biofilms were found in three of 10 patients (mean age = 46 + 14) with CRS
undergoing endoscopic sinus surgery by means of scanning electron microscopy.
Unexpectedly, S. epidermidis was the primary isolated bacteria and was also found
to be present in all biofilm-positive mucosa specimens, indicating its pivotal role in
the pathogenesis of severe chronic infections associated with biofilm formation. We
have also measured the activity of myeloperoxidase (MPO), the most abundant neu-
trophil enzyme, to demonstrate the presence of neutrophils in the samples tested.
Our present results show that the level of MPO in CRS associated with biofilm is
lower than that without biofilm. It may suggest either a low number of neutrophils
or the presence of a type of neutrophils with compromised antimicrobial activity,
described as biofilm-associated neutrophils (BAN). Finally, we conclude that further
studies with a large number of CRS cases should be performed to establish the asso-
ciation between S. epidermidis and other frequently isolated bacterial species from
paranasal sinuses, with the severity of CRS, biofilm formation and the infiltration of

BAN.
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Chronic rhinosinusitis (CRS) is one of the most common
inflammatory diseases of the upper respiratory tract.
Chronic rhinosinusitis represents a persistent inflammation
of nasal and sinus mucosa with and without the presence of
nasal polyps. Some investigators suggest that CRS is associ-
ated with different systemic diseases such as bronchial
asthma, Non-steroidal anti-inflammatory drugs (NSAIDs)
allergy, cystic fibrosis, sarcoidosis and aspirin-induced
asthma (Fokkens et al. 2012). However, in the majority of
CRS, the aetiology, the pathogenesis and the role of bacte-
rial infections in the development of the disease are unclear

(Pandak et al. 2011). In addition, the association of neu-
trophil infiltration in CRS with and without nasal polyps is
not well documented (Hirotsu et al. 2011).

Since 2004, when the relationship between CRS and bio-
films was first described, a number of studies have been pub-
lished to demonstrate the role of bacterial biofilms in the
recalcitrant nature of the disease (Perloff & Palmer 2004;
Marcinkiewicz et al. 2013). However, due to the distinct
detection methodology, reported rates of biofilms in the
CRS population vary from 30% to 100% (Glowacki et al.
2008; Wang et al. 2014). Moreover, various bacterial spe-
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cies have been shown to be associated with CRS biofilms
including Staphylococcus aureus, Staphylococcus epider-
midis, Pseudomonas aeruginosa, Haemophilus influenza,
Streptococcus pnewmonia and Moraxella catarrbalis, out of
which the role of S. epidermidis is the most controversial
(O’Gara & Humphreys 2001; Ferguson & Stolz 20035). It is
commonly accepted that the presence of S. aureus biofilm is
associated with a poor prognosis of illness and with an
unfavourable clinical outcome such as persistent sinusitis
symptoms with ongoing mucosal inflammation and high risk
of recurrent infections (Glowacki et al. 2008; Giinther et al.
2009; Thurlow et al. 2011). In contrast, the pathologic role
of S. epidermidis in CRS has been documented by some
investigators in spite of the emergence of the coagulase-neg-
ative staphylococci (S. epidermidis) as major nosocomial
pathogens associated with infections of implanted medical
devices (Sachse et al. 2008; Pandak et al. 2011). Moreover,
coagulase-negative staphylococci (S. epidermidis) were the
most common bacteria found within ethmoid and maxillary
sinuses (31-51% of isolates) (Fokkens et al. 2012).
Nonetheless, the impact of some nasal microbiota in the
pathogenesis of CRS, as well as the role of neutrophil infil-
tration in CRS with (CRSwNP) and without polyps
(CRSsNP), is still unclear. The presence of neutrophils,
which are the major cells of inflammation, have been
demonstrated in both CRSwNP and CRSsNP. However,
some reports demonstrated comparable neutrophil infiltra-
tion in both CRSWNP and CRSsNP, whereas the eosino-
phylic infiltrate was significantly smaller in CRSsNP
(Fokkens et al. 2012; Tkeda et al. 2013). Furthermore, it has
been suggested that neutrophils may be the most important
pathologic agent of CRS (Fokkens et al. 2012).

Neutrophils, which are the major phagocytes of acute
inflammatory response, are the key effector cells of innate
immunity (Nathan 2006). These cells effectively kill the
planktonic form of various bacterial strains playing benefi-
cial role in host defence against microbial infections (Nau-
seef & Borregaard 2014). By contrast, the detrimental role
of neutrophils was reported in the pathogenesis of a number
of chronic inflammatory diseases such as arthritis, acne and
atherosclerosis (Klebanoff 2005). Importantly, the role of
neutrophils in chronic infections and their interactions with
biofilm are still not clear (Marcinkiewicz et al. 2013;
Hirschfeld 2014). We hypothesize that the biofilm environ-
ment, similar to the tumour environment (Fridlender et al.
2009; Galdiero et al. 2013), is able to drive neutrophils
towards distinct phenotypes, either N1 or N2 cells. Thus,
depending on the specificity of a bacterial strain, biofilm-as-
sociated neutrophils (BAN) will be polarized towards either
anti-biofilm N1-type or pro-biofilm N2-type cells. For exam-
ple, it has been reported that not only P. aeruginosa biofilm
was resistant to the immune attack but also the formation
of the biofilm was accelerated in the presence of neutrophils
(Jesaitis et al. 2003). The phenotype of these cells was not
estimated, but they behave as N2 pro-biofilm neutrophils.

In this study, we have examined the presence of biofilm in
mucosal specimens of patients undergoing endoscopic sinus
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surgery (ESS) for idiopathic CRS (see exclusions below).
Moreover, we have identified biofilm-forming bacterial spe-
cies isolated from the examined mucosal specimens. In addi-
tion, the enzymatic activity of myeloperoxidase (MPO), a
marker of tissue neutrophil content and an indicator of the
oxidative stress in inflammatory diseases, was compared
between mucosal samples with and without biofilm.

Materials and methods

Patients and study design

This was a prospective, double-blind study. Chronic rhinosi-
nusitis patients undergoing ESS in the Department of Oto-
laryngology, Jagiellonian University Medical College were
recruited for the study. Chronic rhinosinusitis was diagnosed
based on the definition from the EPOS 2012 position paper on
rhinosinusitis and nasal polyps (Fokkens et al. 2012). Study
exclusion criteria were unwillingness to take part in the study,
asthma, hypersensitivity to NSAIDs, cystic fibrosis, immuno-
suppressive disorders (e.g. AIDS, diabetes), hypothyroidism,
gastro-oesophageal reflux disease and ESS reoperation. Intra-
operative complications such as cerebrospinal fluid leakage
and postoperative, histopathologic diagnosis of a malignant
process or a foreign body in the sinus also excluded the patient
from the study. About 10 of 179 CRS patients who underwent
ESS in our clinic in 2013 were qualified for the study based on
the above-mentioned criteria. For each of those 10 patients
(from 1 to 10 — see Table 1, Figure 3), demographic, clinical
and laboratory characteristics were recorded.

Ethics

All patients gave their written and informed consent prior to
inclusion into the study. The research protocol was approved
by the Jagiellonian University Ethics Committee (registry
number KBET/229/B/2011). The study has been performed
in accordance with the ethical standards laid down in the
1964 Declaration of Helsinki and its later amendments.

Pre-operative and follow-up assessment

Each patient, pre-operatively and during both follow-up vis-
its, filled out a questionnaire assessing the presence of con-
comitant diseases (asthma, hypersensitivity to NSAIDs,
allergic rhinitis) and the intensity of subjective CRS symp-
toms. The intensity of subjective CRS symptoms was
assessed using a 0-10 point visual analogue scale (VAS) —
the patients assessed the amount of discharge on the phar-
ynx posterior wall, the degree of smell impairment, facial
pain and progressive nasal congestion. Pre-operative radio-
logic assessment included computed tomography (CT) of
paranasal sinuses (bone window, a minimum of two projec-
tions). Each CT was assessed by the operator and an experi-
enced radiologist for any anatomic or pathologic changes.
Sinuses assessed included the maxillary, anterior and poste-
rior ethmoid, and sphenoidal and frontal sinuses, as well as
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Table 1 Patient’s characteristics

J. Marcinkiewicz et al.

Patient Age Clinical Biofilm Origin of mucosa
number Gender (years) diagnosis VAS* [M/S] presence Bacterial identification specimen
1 Female 58 CRSwNP 9 [S] No Staphylococcus aureus Maxilliary sinus
Pseudomonas aeruginosa
2 Female 60 A-CRSwNP 10 [S] No Staphylococcus epidermidis Ethmoid sinus
3 Male 58 CRSwNP 7 [M] No Staphylococcus epidermidis Sphenoid sinus
Clostridium perfringens
Veilonella parvula
Streptococcus agalactiae
Streptococcus mitis
4 Female 54 CRSwNP 9 [S] Yes Staphylococcus epidermidis Sphenoid sinus
5 Male 40 A-CRSsNP 9 [S] No Staphylococcus epidermidis Sphenoid sinus
Propionibacterium acnes
6 Male 28 CRSwNP 9 1S] Yes Staphylococcus epidermidis Sphenoid sinus
Propionibacterium acnes
Prevotella intermedia
7 Male 61 A-CRSwNP 10 [S] No Staphylococcus epidermidis Ethmoid sinus
Streptococcus mitis
8 Male 32 CRSwNP 10 [S] Yes Staphylococcus epidermidis Ethmoid sinus
Klebsiella pneumonia
9 Female 29 CRSwNP 7 [M] No Moraxella catarrbalis Maxilliary sinus
Peptostreptococcus
Lactococcus lactis subsp. cremoris
10 Female 39 CRSsNP 8 [M] No Aerococcus uranie Maxilliary sinus

*The intensity of subjective CRS symptoms was assessed using a 010 point visual analogue scale. M, moderate; S, severe; CRSwNP, chronic
rhinosinusitis with nasal polyps; A-CRS, allergic chronic rhinosinusitis; CRSsNP, chronic rhinosinusitis without nasal polyps.

the ostiomeatal complex. Post-ESS, each patient was treated
according to the EPOS 2012 guidelines (Fokkens et al.
2012).

Intra-operative procedures

Each patient underwent ESS in general anaesthesia. During
surgery, at least five mucosa specimens were taken from
each patient qualified for the study. These specimens (ap-
proximately 10 x 10 mm) were acquired from the frontal,
maxillary, sphenoid, anterior and posterior ethmoid, sinuses,
frontal recess, middle nasal concha and the middle nasal
meatus. Only ciliated epithelium was sampled. Directly after
excision, the mucosa fragments were rinsed in saline and
submerged in a fixative solution. The specimens were taken
for analysis through scanning electron microscopy (SEM).
Some specimens were transported to the immuno-microbio-
logical laboratory for bacteriological analyses and MPO
assessment.

Material preparation for SEM — biofilm identification

Acquired tissue samples were prepared for SEM assessment
within 30 min after excision. Mucosa fragments were fixed
using a solution of 2.5% glutaraldehyde in 0.2 M cacody-
late buffer (pH 7.4). Each fragment was immersed in this
solution for 24 h in 4°C. Next, after thorough rinsing in
0.2 M cacodylate buffer, which was exchanged several
times, the samples were fixed again, this time in 2% osmium
tetroxide, for 3 h. Next, the tissues were dehydrated in ris-

ing concentrations of ethyl alcohol and absolute acetone and
dried in CO,. The dried specimens were mounted on plates
using silver glue and sputter-coated with gold using a JFC-
1100 sputter (Jeol, Tokyo, Japan). The casts were examined
in a JSM 35-CF scanning electron microscope (Jeol) at
25 kV. Each biofilm was assessed independently by three
examiners, who had no contact with the patients and who
were blind to the result of the clinical assessment. The basic
criterion for diagnosing a biofilm was the presence of spheri-
cal and rod-shaped structures, surrounded by a matrix and
situated on the epithelium.

Bacterial identification

The collected mucosa samples were suspended in Schaedler
broth (SAB; Difco, Detroit, MI, USA) with 10% glycerol and
stored at —20°C for up to 1 week. The samples were then
transported to the microbiology laboratory in dry ice. In the
laboratory, the samples were thawed, weighed and homoge-
nized in 1 ml of SAB. The procedure for crushing samples
was carried out within the anaerobic chamber (N, — 85%, H,
—10% and CO; — 5%, MACS-MG 500 Work Station, DW
Scientific, Shipley, West Yorkshire, UK) using a glass homog-
enizer. Homogenized samples were then serially diluted with
SAB, and 100 pl aliquots of serial dilutions were placed on
the following media: Columbia blood agar (Difco) with 5%
sheep blood for streptococci and staphylococci (incubation
for 24 h at 37°C in aerobic conditions), chocolate agar (BD,
San Diego, CA, USA) for Haemophilus spp., Neisseria spp.
and Moraxella spp. (incubation for 48 h at 37°C in microaer-
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ophilic conditions) and Schaedler agar (Difco) for anaerobic
bacteria (incubation for 48 h at 37°C in anaerobic condi-
tions). Strict anaerobic and microaerophilic atmosphere was
maintained using GENbox anaerobic and microaer system
(bioMerieux, Marcy I’Etoile, France). Moreover, to detect
yeast-like fungi, Sabouraud agar (Difco) was used at 37°C for
24 h in aerobic conditions. Cultured bacteria were counted to
determine the bacterial cell count (CFU/g of tissue), and then,
all morphologically different colonies were further identified
to genus and species using the following API sets (bioMer-
ieux): API Staph (staphylococci), API Strep (streptococci and
enterococci), API 20A (anaerobic bacteria) and API NH
(Haemophilus spp., Neisseria spp. and Moraxella spp.).

Myeloperoxidase activity measurement

Myeloperoxidase activity was measured in mucosa speci-
mens as described before (Marcinkiewicz et al. 2004).
Briefly, mucosa specimens were homogenized in ice-cold
0.5% hexadecyltrimethylammonium (Sigma—Aldrich, Stein-
heim, Germany) in 50 mM potassium phosphate buffer, pH
6.0. The tissue was freeze-thawed three times and dispersed
by vortex. Suspensions were centrifuged at 4000 g for
15 min at 4°C. Aliquots (0.01 ml) of the supernatant were
mixed with 0.29 ml of 50 mM phosphate buffer, pH 6.0,
containing 0.167 mg/ml  o-dianisidine  dihydrochloride
(Sigma-Aldrich, Germany) and 0.0005% hydrogen peroxide.
About 200 pl sample of the mixture was placed in a 96-well
flat-bottom plate and incubated for 20 min at room temper-
ature. The absorbance was measured at 460 nm using a
Sumal-PE2 spectrophotometer. The activity of MPO was
calculated from MPO (Sigma-Aldrich, St. Louis, MO, USA)
standard curve and expressed in units (U). One unit of
MPO activity was defined as the degradation of 1 umol of
hydrogen peroxide per minute at room temperature. Each
sample was tested in duplicate. The total protein concentra-
tion in the mucosa specimens was measured by the use of
the bicinchoninic acid protein test (BCA; Sigma—Aldrich).

Statistical analysis

Statistical significance of differences between groups was anal-
ysed using unpaired t-test with Welch’s correction. Results are
presented as mean + SD values. A P-value <0.05 was consid-
ered statistically significant. Analysis was performed using
GraphPad Prism v. 5.01 (GraphPad Software, Inc., La Jolla,
CA,USA).

Results

Patient’s basic characteristics

Of 10 selected patients, five were males and five were
females. Their ages ranged from 29 to 61. Seven patients
rated their symptoms as severe (VAS score 9-10) and three
as moderate (VAS score 7-8) (Table 1). All allergic patients
(A-CRSwWNP) reported a very high VAS score (9-10). Inter-
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estingly, a higher mean VAS score of 9.33 + 0.33 was
shown in CRS patients with a biofilm than in non-biofilm
CRS patients (the mean VAS score = 7.75 + 0.36).

Demonstration of bacterial biofilms in the mucosa
specimens — SEM analysis

To detect biofilms in the collected mucosa fragments, we
have used SEM imaging. Biofilms were found in three of 10
patients (30%). In these SEM images, the presence of spheri-
cal structures, surrounded by a matrix and situated on the
epithelium, and water channels were visualized (Figure 1).
We did not find any rod-shaped structures. Importantly,
S. epidermidis, the spherical-shaped bacteria, was isolated in
all mucosa fragments covered with biofilms (Table 1). On
the other hand, undamaged cilia were demonstrated in two
non-biofilm samples, both with moderate CRS (VAS score-
7) (Figure 2a,b). The epithelium of the remaining CRS
patients without biofilm was at least partially devoid of cilia
(Figure 2¢). This observation has important clinical rele-
vance, as healthy cilia are vital for the proper mucous pas-
sages in paranasal sinuses. Mucus that remains in sinuses
for extended periods of time becomes infected with bacteria
present in the nasal cavity (Fokkens et al. 2012).

Identification of bacteria strains isolated from mucosa
specimens

Microbiological analysis of mucosal specimens taken from
10 patients with CRS showed a high diversity of bacterial
flora (Table 2). The most commonly isolated species of bac-
teria was S. epidermidis. Its presence was found in seven
patients, in two of which S. epidermidis appeared in a
monoculture, while in five patients, it was isolated with
other bacteria. S. aureus and other species of bacteria were
isolated from individual patients (incidence 10%). The den-
sity of bacteria in mucosa fragments varied from 10* to
10° CFU per gram tissue tested. There were no significant
differences between bacteria species in numbers of isolated
bacterial cells.

Demonstration of neutrophil infiltration in mucosa
fragments based on the measurement of MPO activity

To detect the tissue content of neutrophils in mucosa sam-
ples, the activity of MPO was measured. As shown in
Figure 3, MPO activity ranged from 0.1 to 26 units per mil-
ligram of total protein extracted from the tissue, in all sam-
ples tested. The low level of MPO (<3 U/mg), similar to the
background level of MPO within un-inflamed mucosa or
non-neutrophil inflammation (Bradley et al. 1982; Nowak
et al. 2010), was demonstrated in six of 10 (60%) patients.
The high, inflammatory-like level of MPO (>9 U/mg), sug-
gesting neutrophil infiltration, was shown in 30% samples.
Importantly, the mucosa specimens with bacterial biofilms
contained MPO of low activity (0.1-0.5 U/mg) (No. 4, 6, 8
— see patient’s characteristic in Table 1).
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Figure 1 Scanning electron microscopy image. Biofilm structure.
(a) Patient no. 8, black arrow — cilia, white arrow — biofilm
matrix with multiple bacterial cells; (b) patient no. 4, white
arrow — biofilm matrix with multiple bacterial cells; (c) patient
no. 6, long white arrow — biofilm matrix with multiple bacterial
cells, short white arrows — water channels. Magnification
2000x.

Figure 2 Scanning electron microscopy image. No biofilm
structure can be seen. (a) Patient no. 9 with normal epithelium
and cilia, black arrow — cilia; (b) patient no. 3 with normal
epithelium and cilia, black arrow — cilia; (c) patient no. 2, non-
ciliated cylindrical epithelium with few spots of cilia, white
arrow head - cilia spots. Magnification 2000 x.
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Table 2 Bacterial species isolated from
mucosa  specimens of 10  patients The number of
participating in the study isolates among
Groups of bacteria  Species 10 patients CFU/g
Staphylococci Staphylococcus aureus 1 3.7 x 10*
Staphylococcus epidermidis 7 1.8 x 10*>-2.3 x 10*
Streptococci Streptococcus agalactiae 1 6.5 x 10?
Streptococcus mitis 2 6.4 x 10>-2.0 x 10*
Anaerobic bacteria  Clostridium perfringens 1 1.3 x 10°
Veilonella parvula 1 1.0 x 10*
Propionibacterium acnes 2 8.1 x 10*-5.3 x 10°
Prevotella intermedia 1 1.7 x 10*
Peptostreptococcus 1 2.3 x 10°
Other Pseudomonas aeruginosa 1 1.5 x 10°
Klebsiella pneumoniae 1 4.1 x 10°
Moraxella catarrbalis 1 2.6 x 10°
Aerococcus uranie 1 3.0 x 10?
Lactococcus lactis cremoris 1 4.9 x 10°
30 1 A With biofilm immune attack has been commonly accepted (Prince et al.
25 O Without biofi 2008; Psaltis et al. 2008; Danielsen et al.2014).
T 90 @) tthout biotim The aim of this study was to identify biofilm-forming bac-
% 15 - terial species in mucosa specimens taken from patients with
s 1 O idiopathic CRS and to answer the question of whether neu-
S I trophils are present in the tested inflamed tissue samples.
E’ 10 - 0O Moreover, we compared the activity of neutrophil MPO in
§, O the mucosal samples with and without biofilm. For this pre-
8 liminary pilot study, we have qualified 10 patients who
s ST~ ittt C')_ =" underwent ESS and fulfilled all the above-mentioned criteria
@) of exclusion.
0.1 4 @) A A All the selected patients showed clinical symptoms of

1 2 3 4 5 6 7 8 9 10
Patient number

Figure 3 Comparison of MPO activity in mucosa specimens
with and without biofilm. MPO activity: A (7 = 3)
—21+251vs.0(n=7)-84 + 7.02 Umg, P =0.077
(unpaired #-test with Welch’s correction).

Discussion

For years, bacterial infections have been considered to have
an established primary role in the pathogenesis of acute rhi-
nosinusitis (ARS), while their role in CRS remains unclear.
Such opinion was supported by a non-effective antibiotic
therapy in a majority of cases of CRS in contrast to ARS
(Fokkens ez al. 2012). Moreover, it has been postulated that
bacteria found in chronically inflamed sinuses are associated
with colonization but not infection of a sinus mucosa (Pan-
dak et al. 2011). Our understanding of the role of bacteria
in CRS has changed over the last decade when a number of
papers demonstrated the presence of bacterial biofilm in
mucosa specimens taken from patients with both CRSsNP
and CRSwNP. Presently, a key role of biofilms in the patho-
genesis of CRS with high resistance to antibiotics and to
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moderate and severe chronic rhinosinusitis (CRS with the
VAS score ranged from 7 to 10) confirmed by CT. Three of
them have been diagnosed as allergic CRS (A-CRS). Analysis
of SEM images showed the presence of biofilm in three of
10 patients (incidence 30%). All of them were diagnosed as
having non-allergic CRS with nasal polyps
(CRSwNP). Recently, we have reported the presence of bio-
film in 33 of 80 patients with CRS, which demonstrated the
incidence of 41%, corresponding to other data (Ferguson &
Stolz 2005; Glowacki et al. 2013).

Unexpectedly, in the present study, S. epidermidis has
been identified in all biofilm-positive samples. On the other
hand, in non-biofilm mucosa samples, various pathogenic
(S. aureus, P. aeruginosa) and habitant bacteria of the upper
respiratory tract (S. epidermidis, S. mitis) have been found.
Interestingly, S. epidermidis was isolated from 7 of 10 cases
(incidence 70%), while S. aureus, a major cause of infec-
tious diseases in humans, was found only in one patient (in-
cidence 10%). The low frequency of S. aureus in our study,
isolated only in one case, may be explained by the observed
inverse correlation between S. epidermidis and S. aureus
(Iwase et al. 2010). Recently, it has been demonstrated that
serine protease especially secreted by S. epidermidis inhibits
S. aureus colonization and the formation of S. aureus bio-
film (Sugimoto et al. 2013; Vandecandelaere er al. 2014).

severe



384  |. Marcinkiewicz et al.

Moreover, it was shown that S. aureus biofilms were more
sensitive towards the neutrophil attack than S. epidermidis
biofilms (Guenther et al. 2009). Interestingly, in our study,
S. aureus was isolated from maxillary sinus, while S. epider-
midis, in all positive cases, was isolated from ethmoidal or
sphenoidal sinuses. This observation may be explained by
the fact that sphenoethmoid recess serves as a common drai-
nage pathway for ethmoid and sphenoid sinuses, but also
may serve as a gateway to infections. It also confirms the
idea that the ethmoid sinus area is a major focus for the ini-
tiation of CRS (Kennedy 2004). Therefore, our results con-
firmed data from other studies showing that S. epidermidis,
the most prevalent bacteria of the skin and mucosa micro-
flora, is not only a major nosocomial pathogen associated
with infections of implanted medical devices but is also the
most frequently isolated bacteria in CRS patients (O’Gara
& Humphreys 2001). The high prevalence of S. epidermidis
in CRS with biofilm formation may be explained by its per-
manent colonization of nasal cavity (Ramakrishnan er al.
2013) and massive production of slime, an exopolysaccha-
ride essential for the irreversible adherence of S. epidermidis
to mucosa in chronic infections (Nayak ez al. 2011). How-
ever, in our study, S. epidermidis was mainly isolated along
with other bacterial species. It suggests that multispecies bio-
films exist in these patients. The occurrence of mixed bio-
films has an important clinical implication as interactions
among species within a biofilm lead to increased resistance
to antibiotics and host defence compared to the mono-spe-
cies biofilms (Elias & Banin 2012; Burmelle et al. 2014).
Therefore, it may correspond with the severity of CRS and
therapeutic difficulties.

The next task of this study was to demonstrate the pres-
ence of neutrophils in inflamed mucosa of CRS patients with
and without biofilm in mucosa specimens taken during ESS.
Neutrophils, as first-line defence cells in acute inflammation,
kill planktonic bacteria either during phagocytosis or
through a formation of neutrophil extracellular trap (Nau-
seef & Borregaard 2014). The effectiveness of a bactericidal
activity of neutrophils depends on a cooperation of a num-
ber of proteolytic enzymes and reactive oxygen species (Kle-
banoff 2005). However, biofilm environment may polarize
infiltrating neutrophils into functionally new subtypes of
cells, namely into BAN. These cells have limited bactericidal
capacity and, under some circumstances, can be even killed
by biofilm-derived toxins (Drenkard 2003; Jensen et al.
2007; Alhede et al. 2009). Some reports have demonstrated
neutrophilic infiltration in CRS (Rowe-Jones ef al. 1997;
Hirotsu ef al. 2011). However, the presence and the role of
BAN subtypes (N1 vs. N2 neutrophils) in chronic inflamma-
tions associated with biofilm, including CRS, need to be
explained.

In this study, we have tried to estimate the presence of
neutrophils in inflamed mucosa in CRS patients by measur-
ing the enzymatic activity of MPO, a marker for tissue neu-
trophil content (Bradley ef al. 1982). Myeloperoxidase, the
most abundant neutrophil enzyme, is a key enzyme catalys-
ing the production of bactericidal and highly reactive agents

such as hypochlorous acid and tyrosyl radicals (Klebanoff
et al. 2013). Therefore, an activity of MPO at a site of
inflammation should be closely related to the microbicidal
capability of neutrophils and to their contribution to the
inflamed tissue damage (Schneider & Issekutz 1996). We
have found such an association in the experimental model
of collagen-induced arthritis in mice. The level of MPO
activity in joint tissue correlated with the neutrophil infiltra-
tion and with the severity of arthritis (Kwasny-Krochin
et al. 2002; Marcinkiewicz et al. 2007). Herein, in our
mucosa samples, the levels of MPO activity ranged from the
low background level to the high level of MPO related to
the inflamed tissue associated with neutrophil infiltration.
Analysis of these preliminary results showed the lower level
of MPO in the mucosa specimens with biofilm than that
observed in the samples without biofilm (Figure 3). On the
other hand, the level of MPO was not correlated with the
type of identified bacterial species. However, the highest
activity of MPO, indicating the presence of neutrophil infil-
tration, was demonstrated in mucosa specimens infected
with S. aureus. Nevertheless, we detected the low level of
MPO (<5 U/mg protein) in a majority of our patients
(60%), all with CRSwNP. These preliminary results are in
agreement with the recent data of Wang er al. (2014). They
noticed that neutrophils were expressed poorly in CRSwNP.
However, we did not demonstrate statistically significant
differences in the degree of MPO activity due to high varia-
tions between individual specimens tested. It may be
explained by the fact that the enzymatic activity of MPO,
the assay widely used by researches, can vary considerably
between individuals even if the amount of MPO protein is
similar (Prokopowicz et al. 2012; Pulli et al. 2013). Such sit-
uation has to be taken into account especially in chronic
inflammatory diseases associated with biofilm, as a number
of antioxidants and agents neutralizing bactericidal mole-
cules associated with biofilm environment have been
described (Jesaitis et al. 2003; Hirschfeld 2014). Therefore,
the number of biofilms associated neutrophils may not cor-
respond to the MPO activity measured. Instead, it is closely
correlated with the amount of intracellular MPO protein
(Pulli et al. 2013). Importantly, in the case of measurement
of neutrophil infiltration in biological samples using the
enzymatic activity of MPO assay, the results should be com-
plemented with MPO expression or protein-level measure-
ments which would provide more precise information
regarding the abundance of the MPO molecule and the con-
tent of neutrophils (Pulli et al. 2013).

In conclusion, further studies with a larger number of
CRS patients should be performed to estimate the associa-
tion between the severity of CRS and the presence of differ-
ent bacterial species, including S. epidermidis, and their
ability to form biofilm. Additional experiments may also
identify distinct subsets of neutrophils and/or macrophages
polarized by the biofilm environment, as have been
described in the tumour microenvironment (Fridlender et al.
2009; Galdiero et al. 2013). Finally, in the light of the
important roles of different neutrophil subsets in chronic
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and recurrent infections, the identification of mechanisms
and conditions required for polarization of BAN in CRS
may provide a basis for new diagnostic and therapeutic
strategies.
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