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Abstract The aim of the study was to show the difference
in the pattern of inflammation, and Th1/Th2 polarization
between asthmatic and non-asthmatic patients with CRS,
specifically eosinophil activation, local IgE levels in the
sinus fluid and tissue, and the severity of inflammation were
measured. The maxillary sinus lavages, mucosal biopsies
and bacteriological swabs were taken in 17 asthmatic and
36 non-asthmatic adult patients with CRS. The concentra-
tions of IgE, eosinophil cationic protein (ECP), myeloper-
oxidase (MPO), and tryptase were analyzed and IgE+ cells,
eosinophils, lymphocytes and plasma cells were counted.
The granulocyte activation markers and IgE in sinus
lavages, and the inflammatory and IgE+ cells counts were
significantly higher in the asthmatics with the greatest
difference in ECP and IgE concentrations. The tryptase con-
centrations did not differ, but only in the asthmatics they
correlated significantly with the IgE concentrations and
IgE+ cells count. Asthmatic patients present a distinct sub-
group among the patients with chronic rhinosinusitis
(CRS). The levels of the cellular markers and IgE in the
sinus fluid differ from those of non-asthmatic patients with
CRS. The activation of granulocytes (especially eosinoph-

D. Vagic - P. Drvis - G. Geber - T. Baudoin - L. Kalogjera (<))
Department of Otorhinolaryngology and Head and Neck Surgery,
University Hospital “Sestre milosrdnice”,

Vinogradska 29, 10000 Zagreb, Croatia

e-mail: kalogjera@sfzg.hr

Z. Ferencic
Institute of Clinical Pathology University Hospital
“Sestre milosrdnice”, Zagreb, Croatia

S. Dzidic
Department of molecular microbiology,
National Institute “Rudjer Boskovic”, Zagreb, Croatia

ils), local IgE concentrations and the inflammatory cells
infiltration are significantly higher in the asthmatics.
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Introduction

Chronic rhinosinusitis (CRS) is a common clinical
syndrome; however, its complexity arises from the interaction
of many individual risk factors, which have been associated
with this disease [1]. Sinus mucosal biopsies and sinus fluid
analyses have revealed different patterns of inflammatory
and regulatory cytokines, inflammatory cells activation and
Th1/Th2 polarization comparing CRS and nasal polyposis
(NP) [2, 3]. Furthermore, distinct subgroups, related to cer-
tain risk factors, within CRS and NP, in terms of pathogen-
esis and inflammatory response, have been recognized [1].
However, most studies, on the basis of sinus sample analy-
sis, such as in this study, have an important selectional bias,
as they include surgical cases, which might differ from
those patients with CRS who respond to medical treatment.
The sensitization to aeroallergens was more common in the
patients with CRS [1]; however, the role of allergy in the
pathogenesis of CRS remains unclear. Increased local IgE
was found more often in Th-2 polarized immune response,
but not necessarily linked to atopy [4]. Expression of IgE
heavy chain transcripts in the sinus mucosa of the atopics
was significantly higher than in non-atopics with CRS, but
the latter had a higher expression than in the control group
[5]. Recent data indicate that increased local IgE production
in the tissue might be related to the response to bacterial
superantigens, presumably Staphylococcus aureus exotoxins
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[6]. Previous studies on CRS in asthmatics mostly included
patients with NP. In contrast, we were interested in analyz-
ing the pattern of the inflammation in asthmatics without
NP.

The aim of the study was to test the hypothesis that sinus
fluid and mucosa in the asthmatics with CRS would show
Th-2-like inflammation (as a part of the united airways
disease), even without NP. As markers of inflammation,
concentrations of eosinophil cationic protein (ECP), myelo-
peroxidase (MPO), and tryptase in the maxillary sinus fluid
were used to assess the degree of activation of eosinophils,
neutrophils, and mast cells within the study, respectively.
IgE concentrations were measured in the sinus fluids, and
IgE+ cells, eosinophils, lymphocytes and plasma cells were
counted in maxillary sinus biopsies of the asthmatic and
non-asthmatic patients with CRS.

Patients and methods

The study was conducted in a group of 17 asthmatic (18—
65 years, 8 females, 9 males and mean age 36) and 36 non-
asthmatic patients (18—65 years, 19 females, 17 males and
mean age 38) with CRS scheduled for endosinusal treat-
ment [7], due to persisting CRS symptoms, despite long-
term medical treatment. All patients gave their informed
consent and the study was approved by the Ethics Commit-
tee of University Hospital “Sestre milosrdnice”, Zagreb
School of Medicine. Sensitization to common aeroalergens
was tested using skin prick testing (SPT), and specific IgE
in the serum supported the reactivity to relevant allergens.

The diagnosis of sinus disease was based on history,
nasal endoscopy and radiological criteria according to
EP?0S guidelines [8]. The diagnosis and the stage of
asthma stage were based on Global Initiative for Asthma
(GINA) guidelines criteria [9]. Only mild to moderate
asthma patients were included. The patients receiving sys-
temic steroid or antibiotic treatment during the past month,
those who had a recent upper respiratory infection, sus-
pected odontogenic pathology, increased CRP, NP, aspirin
sensitivity or any systemic disease that may influence the
study protocol, were excluded. Patients with severe asthma
were excluded as they would make the asthma group even
more heterogeneous, which was already shown by the dis-
tribution of the markers data when only mild and moderate
were included. All patients stopped topical nasal steroid use
1 week before the procedure, but continued nasal saline
washings.

After disinfection, inferior maxillary anstrostomy was
performed in local anesthesia with a sterile troacar, bacteri-
ological swabs and sinus lavage with 5 ccm of saline were
taken. Lavage samples were stored at room temperature for
2 h, centrifuged at 1,000xg for 10 min and placed in a
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refrigerator at —20°C. The concentrations of ECP, IgE and
tryptase in the lavages were determined by fluoroenzyme-
immunoassay (UniCAP, Pharmacia and Upjohn, Uppsala,
Sweden), and MPO by radioimmunoassay (Pharmacia, Swe-
den). Bacterial swabs and aspirates were cultured according
with standard typing and identification techniques [7].

Biopsy specimens were formalin-fixed, routinely pro-
cessed, paraplast-embedded, cut at 3 pm, and hemalaun—
eosine stained. Additional sections were prepared for
immunohistochemical IgE staining (polyclonal rabbit anti-
human IgE, DAKO, Glostrup, Denmark).

Each cell type (eosinophils, lymphocytes, plasma cells,
and IgE—+ cells, respectively) was microscopically
assessed by a blinded pathologist, counting the cells in
eight randomly selected high power fields (400x ), express-
ing the final number for each specimen and cell type as a
sum of two highest counts divided by 2 [4].

The distribution of the data was calculated using the
Kolmogorov—Smirnov test. Statistical analysis was
performed by the Kruskal-Wallis and Mann—Whitney U
two-tailed tests for unpaired comparisons. The Mann—
Whitney U test was then used for between-group compari-
son and the correlations with Spearman rank correlation
test. All conclusions were based on a significance level of
P <0.05.

Results

Although the calculated distribution was normal, the distri-
bution curves indicated that some parameters were not dis-
tributed normally (ECP in the asthmatics demonstrated
trimodal curve, and MPO bimodal, most of the other
parameters have shown skewed curves). The statistician
indicated non-parametric tests. Sensitization to common
aeroallergens was found in 12/17 in the asthmatic group
and in 19/36 in the CRS group. Bacterial growth was pres-
ent in 24 of the 34 specimens in the asthma group, 4 com-
mensals and 24 pathogens, 19 aerobes and 5 anaerobes, as
mixed flora was found in three samples. In the CRS group,
bacterial growth was present in 47/60 samples (8 patients
had unilateral antrostomy), 15 commensal and 32 patho-
gens (24 aerobes, 8 anaerobes). Staphylococcus aureus was
the most common in both groups; gram-negative rods were
more common in the asthma group (25 vs. 15%, respec-
tively). Most common gram-negative rods in CRS were
Haemophilus influenzae followed by Klebsiella, which
were not found in the asthma group, where Pseudomonas
aeruginosa was the most common. The granulocyte activa-
tion markers as well as the cell counts were significantly
higher in the asthma group (Table 1). Correlations between
the parameters were similar in both groups (Table 2);
however, tryptase correlated significantly with ECP, IgE,
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Table 1 Presenting mean and median values (extremes in the brackets), and significance of difference (P value) between cellular markers concen-
trations in maxillary sinus lavages, IgE and eosinophils, lymphocytes, IgE+ and plasma cells count per high power field (HPF) in the maxillary

sinus mucosa of the asthmatic and non-asthmatic patients with CRS

Nasal lavage Group Mean Median (range) Cells/HPF 400 x Mean Median (range) P

ECP (mcg/l) Asthma 64.61% 36.05 (2-273) 0.0001 IgE+ 4.75% 3.25(1-18) 0.00001
CRS 19.48 2.65 (2-231) 1.50 1(0-9.5)

MPO (mcg/l) Asthma 456.67* 211.8 (2.7-1,879) 0.027 Eosinophils 33.61% 10.5 (0-121) 0.004
CRS 342.68 31.05 (2.4-3,800) 11.04 2.75 (0-103.5)

Tryptase (mcg/l) Asthma 15.64 5.76 (1-166) 0.714 Lymphocytes 25.26%* 19.5 (2-68) 0.0001
CRS 9.89 3.28 (1-112) 9.06 0(41.5)

IgE (kU/M) Asthma 44.25% 19.4 (2.1-420) 0.0001 Plasma cells 20.97* 14.25 (3.5-75) 0.0001
CRS 7.34 1.6 (0.6-66.9) 7.57 4.5 (0-47.5)

*P < 0.05 between asthmatic and non-asthmatic group

Table 2 Presenting corre.lation goeﬂicients (Spearman p) between - 140 + psthma

cellular markers and IgE in the sinus lavages, and between IgE and 3

cells/high power field count in asthmatic and non-asthmatic patients =< 120 | infected .

with CRS % * Asthma

sterile

Parameters Asthma P CRS P 100] o crs
Spearman p Spearman p ————— =

ECP-MPO 0.607* 0.0001 0.644* 0.0001 80 -

ECP-tryptase 0.418* 0.014 —0.22 0.88 R

ECP-IgE 0.699* 0.0001 0.49% 0.0001 60

ECP—eosinophils ~ 0.358%* 0.038 0.506* 0.0001 . R

ECP-IgE+ 0.502* 0.02 0.276* 0.05 40 . .

MPO-tryptase ~ 0.173 0329  —0.027 0.854 P L

MPO-IgE 0.293 0.093 0.581* 0.0001 20 b ’ .

MPO-IgE+ 0.293 0.093 0.358* 0.011 £* o ﬁ ) Lok . °

Tryptase—IgE 0.451* 0.007 —0.037 0.802 0 %oa % - P

Tryptase—IgE+ 0.537* 0.001 0.151 0.664 0 1000 2000

IgE-IgE+ 0.771% 0.0001  0.664% 0.0001 MPO (mcg/L)

IgE—eosinophil 0.557* 0.001 0.447* 0.0001 Fig. 1 Scatter plot showing relationship between IgE and MPO in

IgE-lymphocyte 0.448%* 0.008 0.644%* 0.0001 non-asthmatic, and infected and non-infected samples in asthmatic

IgE—plasma 0.447% 0.008 0.604* 0.001 patients with CRS, respectively. Two patients (one in each group) with

Correlations between inflammatory cells count—eosinophils, lympho-
cytes and plasma cells (not shown in the table) are highly significant
for both groups

*Significant correlation at significant level P < 0.05

eosinophils and IgE+ cells count in the asthma group only.
Interestingly, MPO correlated significantly with IgE only in
the CRS group. However, IgE correlated significantly with
MPO in the asthma group in the patients where the bacterial
growth was shown (Fig. 1). The bacterial growth had no
impact on the markers and IgE in the CRS group. In the
asthma group, only the MPO was significantly higher in the
samples where bacteria were detected (Table 3). The IgE in
the sinus fluid and the IgE+ cells count significantly corre-
lated, and both significantly correlated with the count of all
inflammatory cells observed. Although sensitization to
aeroallergens was more common in the asthmatics (70% vs.

the extreme IgE and MPO values were excluded from the figure. This
correlation was significant in CRS (P = 0.011), and in the subgroup of
infected samples of the asthmatics (P = 0.006), but not in whole asth-
ma group (P =0.093). MPO/IGE correlation in the sterile samples of
the asthmatic patients was borderline significant (P = 0.057)

53%, respectively), it may not explain higher local IgE and
ECP concentrations in the asthmatics, as no difference was
observed in the cellular markers and IgE concentrations in
the lavages of sensitized and non-sensitized patients
(Table 3).

Discussion
A number of recent studies indicated distinct patterns of

inflammation and Th1/Th2 polarization in patients with NP
and CRS without NP [2, 3]. Significantly higher local
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Table 3 The cellular markers and IgE in the lavage in the subgroups of infected and sterile samples and sensitized and non-sensitized patients

Subgroup ECP (mcg/l)

median (range)

MPO (mcg/l)
median (range)

Tryptase (mcg/l)
median (range)

IgE (kU/N)
median (range)

Asthma infected 38.4 (2-273) 460.1 (2.7-1,879)* 5.48 (1-62.9) 13.85 (2.1-420.7)
Asthma sterile 32.7 (3.5-254.1) 134.3 (6.8-812.4) 8.5 (1-166) 35.95 (7.8-95.4)
Asthma SPT+ 21.5 (2-254.1) 129.2 (6.8-1,200) 4.03 (1-166) 14.5 (2.1-420.7)
Asthma SPT- 42.2 (3.46-273) 392.3 (2.7-1,879) 7.39 (1-62.9) 24.05 (6.8-180)
CRS infected 2.8 (2-231) 36.4 (1.1-3,800) 3.28 (1-68.9) 2.1 (0.9-66.9)
CRS sterile 3.7 (2-207.2) 41.7 (4.4-931) 3.34 (1-112) 3.3 (0.6-52.5)
CRS SPT+ 3.3 (2-231) 36.4 (7.7-1,308) 3.9 (1-23.4) 1.3 (0.8-66.9)
CRS SPT- 2.4 (2-214) 24.5 (8-3,800) 4.48 (1-112) 1.4 (0.6-52.5)

SPT+ sensitized to common aeroallergen, SPT— non-sensitized to common aeroallergen

*P < 0.05 compared within subgroup (infected vs. non-infected or sensitized vs. non-sensitized)

expression of interleukin-5 (I1-5) ECP, IgE and eosinophils,
was found in nasal polyp tissue, as compared to CRS
mucosa and CF polyps [2]. Even the early stage nasal pol-
yps have shown significantly higher tissue eosinophilia and
inflammatory cells infiltration, but no difference was found
between number of IgE+ cells and mastocytes when com-
pared to CRS without NP [10]. Cellular activation markers
in the sinus fluid and histomorphometry of the maxillary
sinus mucosa in our study indicated that CRS in the asth-
matics have a distinct, Th-2-like, pattern of inflammation.
The differences in the number of eosinophils, lymphocytes,
plasma and IgE+ cells in sinus mucosal biopsies, and the
IgE and ECP concentrations in the sinus fluid between the
asthmatics and non-asthmatics were highly significant.
Although these results may be interpreted as a higher
degree of inflammation in the asthmatics, significant corre-
lations between the concentrations of the tryptase and IgE,
and tryptase and ECP, respectively, in the sinus fluid,
which were not significant in the CRS samples, may sug-
gest a different type of inflammatory process, at least in
terms of mast cells activation. Although proportion of
patients sensitized to common aeroallergens was higher in
the asthmatics, which is expected to influence the results,
no difference between sensitized and non-sensitized
patients was observed in either of the groups (Table 3). The
highly significant correlation between ECP and MPO,
which was found in the sinus lavages of both groups, may
be explained by the upregulation of chemokines, II-8 or
granulocyte macrophage colony stimulating factor (GM-
CSF). Similarly, I1-8 significantly correlated with ECP and
MPO in bronchoalveolar lavages of the steroid-untreated
asthmatics [11]. The activation of neutrophils and MPO
release may be IgE dependent, as they possess high- and
low-affinity IgE receptors. Furthermore, IgE-dependent
activation and Il-8 release from neutrophils was demon-
strated in vitro [12]. Interestingly, there was a significant
correlation between IgE and MPO only in the samples of
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the CRS group. This correlation was significant in the sub-
group of infected samples of the asthmatics (P = 0.006), but
not in the whole asthma group (P =0.093). On the other
hand, MPO/IgE correlation in the sterile samples was bor-
derline significant (P =0.057). The difference in the IgE/
MPO ratio between infected and non-infected samples,
with tendency toward higher MPO and lower IgE values in
the infected samples, might be the effect of the suppressive
effect of Th-1 cytokines and presence of bacterial oligode-
oxynucleotides [13], in the samples with bacterial growth.
The role of bacterial antigens and superantigens in local
IgE production was suggested in the literature [14]. It was
demonstrated that most patients with NP and/or chronic
sinusitis possess bacteria-specific IgE in their serum,
whereas subjects with only allergic rhinitis do not [15].
Specific IgEs to S. aureus exotoxins were detected in nasal
polyp tissue, and local IgE production was suggested, as the
IgE/albumin ratios in the polyp tissue and serum were dis-
sociated [16]. However, specific IgE antibodies to aeroal-
lergens were also detected in the polyp samples, more
often, not only in the atopic patients but also in SPT nega-
tive patients. Some earlier studies have suggested Th-2-like
polarized inflammation in the sinus mucosa and fluid of
the atopics with CRS [17-19]. However, the role of sensi-
tization to aeroallergens and allergic rhinitis in the patho-
genesis of CRS is not clear. It is unlikely that inhaled
antigen-IgE antibody reaction occurs in the sinus mucosa,
as aeroallergens cannot penetrate sinus cavities by inhala-
tion. However, bilateral sinus mucosal thickening was
demonstrated on CT scans following specific unilateral
provocation in two-thirds of the patients with allergy to pol-
len [20]. Mechanisms of sinus mucosal changes in allergic
rhinitis may be explained by congestion of nasal turbinates
and ostiomeatal blockage induced by allergic response.
Changes on the unprovoked side may be explained by
reflex mechanisms (neurogenic inflammation) or by activa-
tion of the bone marrow cells after provocation. The IgE
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levels in the sinus fluid were related neither to sensitization
to aeroallergens nor to bacterial growth in our study. How-
ever, when individual data were analyzed in the allergic
asthmatics, IgE levels in sinus fluid were higher in the
patients with pollen allergy when sinus samples were col-
lected soon after the end of the season, but the number of
such patients was to low to show significant difference.

The IgE concentration in the sinus lavages significantly
correlated with the number of IgE+ cells and with the
inflammatory cells count in both groups. As the severity
of inflammation assessed by histomorphometry was sig-
nificantly correlated with the IgE concentrations in sinus
fluid in the asthmatic and non-asthmatic patients with
CRS, the IgE in the sinus fluid may serve as a good
marker of the objective stage of inflammation in the
respective sinus.

However, swabs taken from the sinuses may not neces-
sarily reflect potential bacterial growth, as bacteria may
escape detection in routine processing [21]. However, it is
important to emphasize the possible impact of the selection
criteria on the results in this study. The patients, who have
been treated with long-term topical steroids and macrolides,
and have not responded to such treatment, at least in terms
of adequate subjective symptoms reduction, may have
different immune responses than in previously untreated
patients.

In summarizing the results of this study, it may be con-
cluded that the asthmatic patients present a distinct sub-
group among the patients with CRS. The concentrations of
the granulocyte markers and IgE in the sinus fluid are
significantly higher from those of non-asthmatic patients
with CRS. The most prominent feature of the inflammation
in the sinus mucosa of the asthmatics, as compared to non-
asthmatics, which had a significantly more intense
infiltration and activation of eosinophils and, according to
the correlation between IgE and tryptase in the sinus fluid,
mast cell activation seemed to be more likely IgE-depen-
dent in asthmatic than in non-asthmatic patients with CRS,
respectively. The results indicate that bacterial growth in
CRS modifies local immune response in the asthmatics,
whereas such a response was not confirmed for non-
asthmatic patients with CRS.

References

1. Baraniuk JN, Maibach H (2005) Pathophysiological classification
of chronic rhinosinusitis. Respir Res 6:149

2. Van Zele T, Claeys S, Gevaert P, Van Maele G, Holtappels G, Van
Cauwenberge P, Bachert C (2006) Differentiation of chronic sinus
diseases by measurement of inflammatory mediators. Allergy
61:1280-1289

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Riechelmann H, Deutschle T, Rozsasi A, Keck T, Polzehl D, Biir-

ner H (2005) Nasal biomarker profiles in acute and chronic rhinos-
inusitis. Clin Exp Allergy 35:1186-1191

. Loesel LS (2001) Immunopathologic study of chronic sinusitis: a

proposal for atopic and non-atopic IgE-activated mast cell allergic
inflammation. Ann Otol Rhinol Laryngol 110:447-452

. Ghaffar O, Durham SR, Al-Ghamdi K, Wright E, Small P, Frenkiel

S (1998) Expression of IgE heavy chain transcripts in the sinus
mucosa of atopic and nonatopic patients with chronic sinusitis.
Am J Respir Cell Mol Biol 18:706-711

. Gevaert P, Holtappels G, Johansson SG, Cuvelier C, Cauwenberge

P, Bachert C (2005) Organization of secondary lymphoid tissue
and local IgE formation to Staphylococcus aureus enterotoxins in
nasal polyp tissue. Allergy 60:71-79

. Kalogjera L, Vagic D, Baudoin T (2003) Effect of endosinusal

treatment on cellular markers in mild and moderate asthmatics.
Acta Otolaryngol 123:310-313

. European Academy of Allergology and Clinical Immunology

(2005) European position paper on rhinosinusitis and nasal polyps.
Rhinol Suppl 18:1-87

. Bousquet J, Clark TJ, Hurd S, Khaltaev N, Lenfant C, O’byrne P

(2007) GINA guidelines on asthma and beyond. Allergy 62:102-112
Polzehl D, Moeller P, Riechelmann H, Perner S (2006) Distinct
features of chronic rhinosinusitis with and without nasal polyps.
Allergy 61:1275-1279

Riise GC, Andersson B, Ahlstedt S, Enander I, S6derberg M, Low-
hagen O (1996) Bronchial brush biopsies for studies of epithelial
inflammation in stable asthma and nonobstructive chronic bron-
chitis. Eur Respir J 9:1665-1671

Monteseirin J, Chacén P, Vega A, El Bekay R, Alvarez M, Alba
G, Conde M (2004) Human neutrophils synthesize IL-8 in an IgE-
mediated activation. J Leukoc Biol 76:692—700

Hussain I, Jain VV, Kitagaki K, Businga TR, O’Shaughnessy P,
Kline JN (2002) Modulation of murine allergic rhinosinusitis by
CpG oligodeoxynucleotides. Laryngoscope 112:1819-1826
Conley DB, Tripathi A, Ditto AM, Reid K, Grammer LC, Kern RC
(2004) Chronic sinusitis with nasal polyps: staphylococcal exo-
toxin immunoglobulin E and cellular inflammation. Am J Rhinol
18:273-278

Calenoff E, McMahan JT, Herzon GD, Kern RC, Ghadge GD,
Hanson DG (1993) Bacterial allergy in nasal polyposis: a new
method for quantifying specific IgE. Arch Otolaryngol Head Neck
Surg 119:830-836

Gevaert P, Holtappels G, Johansson SG, Cuvelier C, Cauwenberge
P, Bachert C (2005) Organization of secondary lymphoid tissue
and local IgE formation to Staphylococcus aureus enterotoxins in
nasal polyp tissue. Allergy 60:71-79

Ogata N, Masuyama K, Yoshida M, Samejima Y, Eura M, Ishika-
wa T (1997) Preferential infiltration by activated eosinophils in
allergic sinusitis. Auris Nasus Larynx 24:279-287

Jyonouchi H, Sun S, Rimell FL (2000) Cytokine production by si-
nus lavage, bronchial lavage, and blood mononuclear cells in
chronic rhinosinusitis with or without atopy. Arch Otolaryngol
Head Neck Surg 126:522-528

Suzuki M, Watanabe T, Suko T, Mogi G (1999) Comparison of
sinusitis with and without allergic rhinitis: characteristics of para-
nasal sinus effusion and mucosa. Am J Otolaryngol 20:143-150
Piette V, Bousquet C, Kvedariene V, Dhivert-Donnadieu H et al
(2004) Sinus CT scans and mediator release in nasal secretions af-
ter nasal challenge with cypress pollens. Allergy 59(8):863-868
Dudley S, Ashe K, Winther B, Hendley JO (2001) Bacterial patho-
gens of otitis media and sinusitis: detection in the nasopharynx
with selective agar media. J Lab Clin Med 138:338-342

@ Springer



	Local IgE and inXammation in chronic rhinosinusitis of asthmatics and non-asthmatics
	Abstract
	Introduction
	Patients and methods
	Results
	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


