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The; impact of bacterial colonization on the severity and pattern of chronic inflammation in

rhinosinusitis is not clear. In this study, it was hypothesized that bacterial colonization of the sinus

mucosa would have a greater impact on inflammatory response modulation in asthmatic patients

than in non-asthmatic patients with chronic rhinosinusitis. In order to test this hypothesis,

granulocyte activation was measured and related to bacteria identified in the sinus lavage.

Lavages from the maxillary sinuses of 21 asthmatic and 19 non-asthmatic patients with chronic

rhinosinusitis (CRS) were microbiologically examined for aerobic and anaerobic growth.

Eosinophil cationic protein (ECP), an eosinophil activation marker, and myeloperoxidase (MPO), a

neutrophil activation marker, were measured in the sinus lavages. Bacteria were recovered in 20/

32 samples from the asthmatics and in 21/33 samples from the non-asthmatics. Gram-positive

aerobes and anaerobes were slightly more common than Gram-negative bacteria. A different

bacterial profile was found when comparing Gram-negatives between the groups. Concentrations

of MPO were significantly higher in samples with bacterial recovery from asthmatic patients,

compared to sterile samples of both groups. Concentrations of ECP in the samples from

asthmatic patients were significantly higher than in the controls, with no significant difference

related to bacterial colonization. Bacterial colonization in chronically inflamed sinuses may have an

impact on neutrophil granulocyte activation in patients with bronchial asthma, which was not

confirmed for patients with CRS without asthma.

INTRODUCTION

Chronic rhinosinusitis (CRS) has been defined as a
persistence of two or more sinusitis-related symptoms for
more than 12 weeks, confirmed by local objective signs
(Fokkens et al., 2007). As many host-related and envir-
onmental factors associated with CRS have been identified,
the aetiology of the disease remains unclear. Asthma and
eosinophilia have been recognized as predisposing factors
for extensive sinus disease based on computed tomography
(CT) scan severity scores (Newman et al., 1994). Although
bacteria are often detected in CRS, their role in the severity
and pattern of inflammation is not clear. In a study where
bacteria were cultivated in 88 % of the sinus samples from
patients operated upon for CRS, inflammation was
confirmed microscopically in only 11 % (Robinson et al.,

2005). The growth of middle meatal cultures collected at
sinus surgery was significantly related to the severity of
nasal obstruction and sinus CT scores in the asthmatics
with CRS, but not in the CRS patients with small airways
disease (Ragab et al., 2007), suggesting that asthma may
lead to a different response to bacteria colonizing the
sinuses. However, data from the lower airways suggest that
the pattern of bacterial colonization in the bronchi might
play a role in inflammatory cells activation in chronic
bronchitis and in chronic obstructive pulmonary disease
(COPD), not only in exacerbation, but also in the stable
phase (Sethi et al., 2006).

It has been suggested that the response to bacterial
products (DNA, toxins, antigens, superantigens) may
modify the inflammation pattern and severity in allergy
and asthma in two directions: protection or reduction
versus enhancement of the allergic inflammation (Renz &
Herz, 2002). This bidirectional impact of bacteria is
dependant on the timing of exposure and antigens
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involved, acting differently on the hypothesized T helper
(Th)1/Th2 cell balance. Recent evidence in vitro suggested
that the Th2-polarized response may have a negative
impact on the innate immune host response to bacteria
(Rate et al., 2009; Ramanathan et al., 2008). However, there
are no studies in vivo that have analysed inflammatory cells
activation related to bacterial colonization of the sinuses in
CRS. This study was conducted in order to identify the
pattern and intensity of the local granulocyte response to
bacterial colonization in CRS, comparing asthmatics and
non-asthmatics.

METHODS

Study population. The study was conducted with a group of 21

asthmatic (mean age< 37.21 years, range 18–63) and 19 non-asthmatic

(mean age 41.31 years – range 18–62) patients with CRS, who were

scheduled for endosinusal treatment for persisting symptoms

following unsuccessful long-term conservative treatment, and in 3

cases, surgical treatment. Medical treatment included topical nasal

steroids, nasal saline lavages and, in most of the patients, long-term

low dose macrolides, and, upon exacerbation, short-course anti-

biotics. The three cases were the only nasal polyp patients, with small

polyp recurrence within the middle meatus (two patients from the

asthma group and one from the non-asthma group).

Study design and inclusion/exclusion criteria. All patients gave

their informed consent and the study was approved by the ethics

committee of University Hospital ‘Sestre Milosrdnice’, Zagreb.

Inclusion criteria were: more than 12 weeks of CRS symptoms/

endoscopy/radiology, criteria established in a European position

paper (EPOS) on rhinosinusitis and nasal polyps (Fokkens et al.,

2007) plus an additional .10 mm mucosal thickening in at least one

maxillary sinus on sinus CT, and, for the asthma group, mild to

moderately severe asthma. Patients with systemic steroid or antibiotic

treatment within the 4 weeks before enrolment, recent upper

respiratory infection, suspected sinusitis of dental origin, severe

asthma, increased C-reactive protein and those with nasal polyps out

of middle meatus at endoscopy were excluded. As all of the patients

had received long-term nasal steroids during the previous year, they

were asked to stop nasal topical steroid treatment 2 weeks before

antrostomy. Asthmatics were allowed to take their medication,

including inhaled steroids.

Procedures and assessment techniques. After disinfection of the

nasal vestibule and inferior meatus with ethanol, a sterile trocar was

introduced into the maxillary sinus by unilateral or bilateral inferior

maxillary antrostomy under local anaesthesia, and 30 s after injection

of 5 ml saline into the sinus, lavage was aspirated into a syringe, and

samples sent for bacteriological and cellular marker analysis. Samples

for cellular marker determination were stored at room temperature

for 2 h, centrifuged at 1000 g for 10 min and placed in a refrigerator

at –20 uC. Eosinophil cationic protein (ECP) was analysed by

fluoroenzyme immunoassay and myeloperoxidase (MPO) by radio-

immunoassay.

Bacteriological samples were transported to the Microbiology

Laboratory (Department of Clinical Microbiology, University

Hospital ‘Sestre Milosrdnice’) for routine cultivation of bacteria.

Samples were inoculated onto blood agar, chocolate agar, blood agar

containing nalidixic acid and MacConkey agar plates for growth of

aerobic and facultative organisms. They were incubated at 37 uC
aerobically (MacConkey agar) or under 5 % carbon dioxide (blood

agars) and examined at 24 and 48 h. For anaerobes, the sample was

plated onto Schaedler agar (vitamin K1-enriched blood agar) and

brain heart agar with nalidixic acid. After 48 h they were cultured in

thioglycollate broth and any growth in this broth was subcultured

into blood agar, and incubated both aerobically and anaerobically.

Aerobic and anaerobic bacteria were identified by techniques

described (Koneman et al., 1997). The lower limit of culture detection

was approximately 100 c.f.u. (ml sample)21.

Statistical analysis. The normality of distribution was tested using

the Smirnoff–Kolmgorov test. Student’s t-test was used to detect the

difference in levels of cellular activation markers between the groups

for parameters demonstrating normal distribution, or the Mann–

Whitney U test was used if the data did not show normal distribution.

Correlations were calculated with the paired-samples correlation test

and the Spearman rank correlation test. The statistical significance of

the difference in the prevalence of bacteria recovered between the

groups was calculated by the chi-square test using the Yates’s

correction. All conclusions were based on a significance level of

P,0.05.

RESULTS AND DISCUSSION

Bacteriology

Bacterial growth was present in 20 of the 32 (62.5 %) lavage
specimens from the asthmatic patients and in 21 of the 34
(61.7 %) from the non-asthmatic patients. Pathogens
isolated in both groups are presented in Table 1.
Polymicrobial growth was recorded in approximately
20 % of samples in both groups.

The recovery rate from the samples of chronic maxillary
sinusitis for both aerobic and anaerobic bacteria, varied in
different studies from 45 % (Paju et al., 2003) to 92 %
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Table 1. Bacterial strains detected in sinus lavages from
asthmatics and non-asthmatics

Data are presented as the total number of strains recovered.

Strain No. of strains

Asthmatics Non-

asthmatics

Total

Staphylococcus aureus 7 5 12

Pseudomonas aeruginosa 4 0 4

Coagulase-negative

Staphylococcus

0 3 3

Klebsiella species 0 3 3

Haemophilus influenzae 0 2 2

Streptococcus pneumoniae 0 1 1

Serratia marcescens 2 0 2

Propionibacterium species 4 4 8

Peptostreptococcus species 3 2 5

Streptococcus agalactiae 1 0 1

Veillonella parvula 0 2 2

Proteus mirabilis 0 1 1

Commensals 4 3 7

Total 25 26 51
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(Brook, 1989), and is dependent on adequate sampling,
cultivating and detection techniques. Gram-positive aero-
bes and anaerobes are much more common than Gram-
negative bacteria, while previous surgery predisposes for an
increased rate (up to 25 %) of Gram-negative bacteria
(Brook & Frazier, 2001). The recovery rate for aerobic
bacteria in our study was similar to that found in the
literature. Anaerobes were isolated in approximately 1/3
colonized samples for both groups. The recovery rate for
anaerobes from the aspirates in CRS varied from 21
(Newman et al., 1994) to 88 % (Brook, 1989) in the
literature. Such variability in the recovery rates of anae-
robes is probably more related to the methodology of
sampling (Karma et al., 1979; Brook, 1989) than the
sensitivity of detection techniques, like PCR (Paju et al.,
2003). The high rate of Gram-negative bacteria in our
patients (in 12/41 colonized samples), may be attributed to
the long-term courses of antibiotics targeting Gram-
positive bacteria, and, in some patients, colonization from
the steroid spray nasal tips and nasal saline washings. The
previous surgery was the predisposing factor in 2/3 patients
in our study who had been operated upon. The difference
between the recovery rate, the rates of Gram-positive,
Gram-negative and anaerobic bacteria and polymicrobial
growth between the groups was not significant.

Interestingly, asthmatics and non-asthmatics had a com-
pletely different pattern of Gram-negative bacteria (100 %
dissimilarity). Strains from the asthmatics (Pseudomonas,
Serratia) resembled a nosocomial pattern, also in the
antimicrobial resistance, while in non-asthmatics, predo-
minantly Haemophilus and Klebsiella were found.
Pseudomonas was found in three samples from the two
patients who had been previously operated upon, inducing
marked granulocyte activation, which was not the case with
Serratia. We may speculate that the asthmatics had greater
exposure to the nosocomial bacteria found in their samples
(due to previous surgery and asthma control visits), as
courses of antibiotic treatment were not more common in
asthma group. The asthmatics were also on higher doses of
steroids, as they were treated both with nasal and inhaled

steroids, and were probably more compliant to nasal
steroid treatment; however, there is no evidence that
steroid treatment may lead to changes in bacterial pattern
in the sinuses. Haemophilus and Klebsiella, which were
found in samples from non-asthmatic patients, are more
common respiratory pathogens, and they did not induce
marked granulocyte activation in these samples. We may
speculate that those bacteria, more often found in acute
rhinosinusitis, remained in low numbers and were not
eradicated after acute exacerbations. Staphylococcus aureus
was the most common Gram-positive strain in both
groups, and the microbial pattern of anaerobes was similar
between the groups.

Granulocyte activation markers in the sinus
lavage

The data from the samples from the asthma group (but not
from non-asthma group) passed the Smirnoff–Kolmgorov
test for normal distribution; however, due to the skewed
distribution curve and small sample size, our biostatistician
suggested the use of non-parametric tests for all calcula-
tions, so the Mann–Whitney U test was used for all
comparisons between the groups. According to bacteri-
ology, lavages were divided according to sterile and
colonized (including commensals), and by asthmatics and
non-asthmatics groups, forming four subgroups. Table 2
summarizes granulocyte marker (ECP and MPO) concen-
trations in all four subgroups.

ECP levels in both asthmatic groups were significantly
higher than in the non-asthmatics group (Fig. 1). The
difference between colonized and sterile asthmatics was not
significant. MPO levels were significantly higher in the
colonized than in the sterile samples from asthmatics and
non-asthmatics (Fig. 2) (P50.004, Man–Whitney U test).
In non-asthmatics ECP and MPO were not significantly
different between colonized and sterile lavages. In most of
the cases of non-asthmatics with CRS, bacterial presence
did not activate leukocytes and the median values of not
only ECP, but also MPO, values were much lower than in
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Table 2. Concentration of ECP and MPO from lavages of asthmatic and non-asthmatic patients with CRS
presented as the median and 95 % confidence intervals (95 % CI) of median

The significance of the difference between colonized and sterile lavages is marked with S for significant and NS for

non-significant (Mann–Whitney U test); all conclusions were based on a significance level of P,0.05.

Sample Median 95 % CI of median P

ECP asthma (mg l21) Colonized 50.55 3.07–202.30 NS

Sterile 30.45 2.00–87.6

ECP non-asthma (mg l21) Colonized 2.6 2.00–28.6 NS

Sterile 2.00 2.00–37.2

MPO asthma (mg l21) Colonized 729.85 60.1–1200 S

Sterile 134.60 6.8–634

MPO non-asthma (mg l21) Colonized 27.00 9–1023 NS

Sterile 13.00 5.1–542

Bacteriology and inflammation in chronic sinusitis
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the asthmatics group. The median value of ECP in the
colonized and sterile lavages for the asthmatic patients was
almost the same (33.65 and 30.45 mg l21, respectively).
However, almost 30 % of samples from the asthmatic
patients with colonized sinuses had .150 mg l21, compared
to ,10 % of samples from those with sterile sinuses.
However, although the mean MPO level in samples from
non-asthmatic patients was much higher in the infected
sinuses, the median was almost the same in infected and
sterile samples, and 4/21 infected samples had ,506
median value and 3/13 sterile samples had ,206 median
value. The correlation between ECP and MPO was
significant only in the infected asthmatics subgroup
(P50.709, P,0.0001, Spearman rank correlation test).

Similarly to our findings, a significant correlation between
ECP and MPO, but not related to bacterial growth, has
been found in the bronchoalveolar lavage of the allergic
and non-allergic asthmatics (Frangova et al., 1996) and
chronic bronchitis patients (White et al., 2003).

The data from the lower airways indicate that inflam-
mation in the stable phase of COPD is influenced by
bacterial colonization (Sethi et al., 2006), as well as
exacerbation rate (Patel et al., 2004). Some earlier studies
of COPD and chronic bronchitis have shown that bacterial
presence, especially Streptococcus pneumoniae, significantly
increased ECP and MPO in bronchial lavage even in the
stable phase (Riise et al., 1995). Lower inflammatory cell
activity and proinflammatory cytokines in the sputum were
found in exacerbated COPD in those patients where
bacteria were eradicated (White et al., 2003). The highest
values of both granulocyte markers in our study were
found in samples where Pseudomonas aeruginosa was
cultivated (10–506 median), followed by Staphyloccocus
aureus (data not shown). Concentrations of MPO in the
lavages where Streptococcus pneumoniae and Haemophilus
influenzae (strains typical for exacerbations of CRS) were
cultivated, were close to mean values (data not shown).
Most of the studies on inflammation in CRS from the
literature have focused on host-related factors, like
differences between allergic and non-allergic states
(Suzuki et al., 1999). Environmental or microbial impacts
on the severity of CRS were not considered so important,
as the disease is perceived more like a chronic an
inflammation than infection. During the past decade
attention has been drawn to the impact of bacterial
superantigens, presumably Staphylococcus aureus entero-
toxins, on the severity of allergic inflammation, first in the
skin (Bunikowski et al., 1999) and then in the airways
(Conley et al., 2004). It was shown that the proportion of
patients with specific IgE antibodies to Staphylococcus
aureus enterotoxins increased with the severity of airway
inflammation, and was much higher in patients with severe
asthma and nasal polyps than in patients with the ‘plain’
CRS (Gevaert et al., 2005).

The results of our study confirmed the hypothesis that
bacterial colonization may have an impact on local
neutrophil activation in chronic maxillary sinusitis in
asthmatic patients, as a specific subgroup among patients
with CRS. The small number of patients, and the broad
inclusion criteria, prevented us from proving a significant
impact of certain bacterial antigens on eosinophil activa-
tion in the asthmatics, although the mean ECP level was
much higher in the colonized samples. However, results
indicate that eosinophilic inflammation is not down-
regulated by bacterial colonization (acting on hypothesized
Th1/Th2 balance), on the contrary, significant correlation
between ECP and MPO in samples with bacterial growth,
suggest a trend towards simultaneous activation of
neutrophilic and eosinophilic granulocytes influenced by
certain bacterial antigens and toxins. Colonization with
Staphylococcus aureus and P. aeruginosa resulted in high
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Fig. 1. Concentration of ECP (mg l”1) in colonized (ECPAP) and
sterile (ECPAN) sinus lavages from asthmatics, and colonized
(ECPSP) and sterile (ECPSN) sinus lavages from non-asthmatics.
Data are presented as boxplots showing medians and interquartile
ranges.

Fig. 2. Concentration of MPO (mg l”1) in colonized (MPOAP) and
sterile (MPOAN) sinus lavages from asthmatics, and colonized
(MPOSP) and sterile (MPOSN) sinus lavages from non-asth-
matics. Data are presented as boxplots showing medians and
interquartile ranges.
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granulocyte activation in our patients. Interestingly, these
bacteria are also the main biofilm producers in the airways
(Ramadan et al., 2005).

An impact of bacteria on leukocyte activation in non-
asthmatics was not proven to be significant, but the sample
size was too small to draw final conclusions. The results, so
far, indicate that the impact of bacterial colonization on
granulocyte activation in chronic inflammation is depend-
ing on specific interaction of host and bacterial antigens,
where asthma is one of the predisposing host-related
factors leading to a stronger response of sinus mucosa to
bacterial antigens and toxins.
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Karma, P., Jokipii, L., Sipilä, P., Luotonen, J. & Jokipii, A. M. (1979).
Bacteria in chronic maxillary sinusitis. Arch Otolaryngol 105, 386–390.

Koneman, E. W., Allen, S. D., Janda, W. M., Schreckenberger, P. C. &
Winn, W. C., Jr (1997). Color Atlas and Textbook of Diagnostic
Microbiology, 5th edn. Philadelphia, PA: Lippincott.

Newman, L. J., Platts-Mills, T. A., Phillips, C. D., Hazen, K. C. & Gross,
C. W. (1994). Chronic sinusitis. Relationship of computed tomo-
graphic findings to allergy, asthma, and eosinophilia. JAMA 271,
363–367.

Paju, S., Bernstein, J. M., Haase, E. M. & Scannapieco, F. A. (2003).
Molecular analysis of bacterial flora associated with chronically
inflamed maxillary sinuses. J Med Microbiol 52, 591–597.

Patel, I. S., Vlahos, I., Wilkinson, T. M., Lloyd-Owen, S. J., Donaldson,
G. C., Wilks, M., Reznek, R. H. & Wedzicha, J. A. (2004).
Bronchiectasis, exacerbation indices, and inflammation in chronic
obstructive pulmonary disease. Am J Respir Crit Care Med 170,
400–407.

Ragab, A., Clement, P. & Vincken, W. (2007). Bacterial cultures of the
middle meatus and bronchoalveolar lavage in chronic rhinosinusitis.
ORL J Otorhinolaryngol Relat Spec 69, 85–91.

Ramadan, H. H., Sanclement, J. A. & Thomas, J. G. (2005).
Chronic rhinosinusitis and biofilms. Otolaryngol Head Neck Surg
132, 414–417.

Ramanathan, M., Jr, Lee, W. K., Spannhake, E. W. & Lane, A. P.
(2008). Th2 cytokines associated with chronic rhinosinusitis with
polyps down-regulate the antimicrobial immune function of human
sinonasal epithelial cells. Am J Rhinol 22, 115–121.

Rate, A., Upham, J. W., Bosco, A., McKenna, K. L. & Holt, P. G. (2009).
Airway epithelial cells regulate the functional phenotype of locally
differentiating dendritic cells: implications for the pathogenesis of
infectious and allergic airway disease. J Immunol 182, 72–83.

Renz, H. & Herz, U. (2002). The bidirectional capacity of bacterial
antigens to modulate allergy and asthma. Eur Respir J 19, 158–171.

Riise, G. C., Ahlstedt, S., Larsson, S., Enander, I., Jones, I.,
Larsson, P. & Andersson, B. (1995). Bronchial inflammation in
chronic bronchitis assessed by measurement of cell products in
bronchial lavage fluid. Thorax 50, 360–365.

Robinson, S., Der-Haroutian, V., Grove, D., Rees, G. & Wormald, P. J.
(2005). Prevalence of pus in radiologically diseased sinuses in patients
undergoing surgery for chronic rhinosinusitis. Otolaryngol Head Neck
Surg 133, 181–184.

Sethi, S., Maloney, J., Grove, L., Wrona, C. & Berenson, C. S. (2006).
Airway inflammation and bronchial bacterial colonization in chronic
obstructive pulmonary disease. Am J Respir Crit Care Med 173,
991–998.

Suzuki, M., Watanabe, T., Suko, T. & Mogi, G. (1999). Comparison of
sinusitis with and without allergic rhinitis: characteristics of paranasal
sinus effusion and mucosa. Am J Otolaryngol 20, 143–150.

White, A. J., Gompertz, S., Bayley, D. L., Hill, S. L., O’Brien, C.,
Unsal, I. & Stockley, R. A. (2003). Resolution of bronchial
inflammation is related to bacterial eradication following treatment
of exacerbations of chronic bronchitis. Thorax 58, 680–685.

%paper no. jmm010579 charlesworth ref: jmm010579&

Bacteriology and inflammation in chronic sinusitis

http://jmm.sgmjournals.org 5



Dear Authors,

Please find enclosed a proof of your article for checking.

When reading through your proof, please check carefully authors’ names, scientific data, data in tables, any mathematics and
the accuracy of references. Please do not make any unnecessary changes at this stage. All necessary corrections should be
marked on the proof at the place where the correction is to be made; please write the correction clearly in the margin (if in the
text they may be overlooked).

Any queries that have arisen during preparation of your paper for publication are listed below and indicated on the proof.
Please provide your answers when returning your proof.

Please return your proof by Fax (+44 (0)118 988 1834) within 2 days of receipt.

Query no. Query

1 The second address has been changed from ’Department of Microbiology’ to ’Department of
Clinical Microbiology’ to be consistent with address mentioned in your reply to our editorial queries
about the ’clinical laboratory’. Is this change correct?

2 ’Age’ has been changed to ’mean age’. Is this correct?



Offprint Order Form

PAPER jmm010579 Please quote this number in any correspondence

Authors K. Zurak and others Date _____________________

I would like 25 free offprints, plus additional offprints, giving a total of offprints

Dispatch address for offprints (BLOCK CAPITALS please)

Please complete this form even if you do not want extra offprints. Do not delay returning your proofs by waiting for a
purchase order for your offprints: the offprint order form can be sent separately.

Please pay by credit card or cheque with your order if possible. Alternatively, we can invoice you. All remittances
should be made payable to ‘Society for General Microbiology’ and crossed ‘A/C Payee only’.

Tick one

% Charge my credit card account (give card details below)
% I enclose a cheque/draft payable to Society for General Microbiology
% Purchase order enclosed

Return this form to: JMM Editorial Office, Marlborough House, Basingstoke Road, Spencers Wood,
Reading RG7 1AG, UK.

CHARGES FOR ADDITIONAL OFFPRINTS

Copies 25 50 75 100 125 150 175 200 Per 25 extra
No. of pages OFFICE USE ONLY
1-2 £23 £40 £58 £76 £92 £110 £128 £145 £23 Issue:
3-4 £35 £58 £81 £104 £128 £150 £173 £191 £29 Vol/part:
5-8 £46 £76 £104 £133 £162 £191 £219 £249 £35 Page nos:
9-16 £58 £92 £128 £162 £196 £231 £267 £301 £40 Extent:

17-24 £70 £110 £151 £191 £231 £272 £312 £353 £46 Price:

each 8pp extra £18 £23 £29 £35 £40 £46 £53 £58 Invoice: IR/

PAYMENT BY CREDIT CARD (Note: we cannot accept American Express)

Please charge the sum of £____________ to my credit card account.

My Mastercard/Visa number is (circle appropriate card; no others acceptable):

Expiry Security

date Number

Signature: _________________________ Date: _______________

Cardholder’s name and address*:

*Address to which your credit card statement is sent. Your offprints will be sent to the address shown at the top of the form.

May 2006


