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Abstract
Background and Aims: Seasonal allergy is an interesting model to study the patho-
physiological mechanisms involved in allergic inflammation. However, experimen-
tal allergen exposure is easier to perform and standardise. The primary aim of this
study was to compare the inflammatory responses to high-dose bronchial challenge
and natural exposure during birch pollen season. The second aim was to compare
the responses of patients with allergic rhinitis and allergic asthma, respectively to
both types of allergen exposure.
Methods: Fifteen birch pollen-allergic patients (seven with asthma and eight with
rhinitis) and five healthy individuals were studied during pollen season and after
challenge with birch allergen. Symptoms, medication and peak expiratory flow rate
(PEFR) were recorded, and blood samples, spirometry and induced sputum were
analysed during season and after challenge.
Results: Patients with allergic asthma demonstrated a greater bronchial responsive-
ness to bronchial provocation with birch allergen than patients with rhinitis
(P = 0.04) whereas no difference was found regarding nasal challenge. No signifi-
cant association was found between the level of responsiveness and the inflamma-
tory response after seasonal exposure. Seasonal exposure was related to a more
marked systemic inflammatory blood–eosinophil increase than bronchial chal-
lenge [(median) (0.25 vs 0.11 ¥ 109/L, P = 0.03)] and after nasal challenge, respec-
tively [(median) (0.25 vs 0.04 ¥ 109/L, P = 0.003)]. A significant correlation in
eosinophil cationic protein in induced sputum was found between the experimen-
tal and seasonal exposure (rho = 0.62, P = 0.02).
Conclusions: Bronchial allergen challenge with inhalation of birch pollen gives a
similar inflammatory response in the airway but less systemic inflammation than
seasonal exposure in birch pollen allergic patients with asthma and rhinitis.
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Introduction

Allergy is essentially an inflammatory disease involving
the nasal, para nasal and bronchial airways (1). Recent
investigations have demonstrated that inflammation
affecting one site of the respiratory tract can extend to

other sites (2), but it is still unclear whether this
depends on migration of inflammatory cells within the
mucosa or if cells also migrate by a systemic-bone
marrow route. The involvement of eosinophil granu-
locytes in the allergic inflammation is well established
(3, 4), but mast cells and Th2-lymphocytes are also
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important in the inflammatory process (5). Jatakanon
et al. reported for more than a decade ago that neutro-
phil granulocytes have an important role in severe
asthma (6), but still the involvement of the neutrophils
in asthma and allergy is under debate.

Seasonal allergies to birch pollen, for example, are
characterised by increased levels of inflammatory cells
and markers during the pollen season (7, 8). Several
studies have utilised this seasonal variation in order to
study therapeutic interventions (9, 10) and to broaden
the understanding of the pathophysiological mecha-
nisms underlying allergic inflammation (11–13).

Studies that depend on the natural variation of aller-
gens are, however, time consuming and involve a level
of uncertainty as the concentration of allergens may
vary from 1 year to another. In contrast, studies
employing experimental allergen exposure such as
bronchial allergen challenge (14–16) are easier to
perform. On the other hand, the result of such studies
may be more difficult to interpret as the time and dose
of exposure is fundamentally different from what is
seen during natural exposure.

The aim of the present investigation is to compare
the inflammatory response of high-dose bronchial
challenge and natural exposure during birch pollen in
patients with allergic rhinitis or allergic asthma to
birch pollen.

Materials and methods

Patients

Fifteen birch pollen-allergic patients were selected for
the study (Table 1). All these patients were skin prick
test positive to birch pollen. None of the patients had
symptoms during the winter or were on regular treat-
ment for rhinitis or asthma outside the birch pollen
season. Seven of the patients that had a diagnosis of
allergic asthma and reported having respiratory symp-
toms during the pollen season were categorised as
having asthma as the predominant symptom (allergic
asthma). Eight patients with a diagnosis of allergic
rhinitis but not allergic asthma and having mainly eye
and nose symptoms were categorised as having rhinitis
as the predominant symptom (allergic rhinitis). All the
patients had doctor-diagnosed seasonal allergic rhini-
tis or allergic asthma, as diagnosed by a lung physician
and allergologist at the allergy outpatient clinic. The
patients with birch pollen-induced asthma had a posi-
tive history of wheezing and dyspnea during pollen
season, whereas patients with allergic rhinitis all
denied symptoms from the airways.

Inhaled steroids or nasal steroids were not allowed
out of season nor during the birch pollen season, and
none of the patients was on any other regular medica-

Table 1. Characteristics at baseline (mean, range) and inflammatory markers at base-
line (median and interquartile range). No significant differences were found between
any of the groups in terms of gender, age, smoking, lung function and inflammatory
markers or between the two allergic groups in terms of allergy variables

Control group
(n = 5)

Allergic rhinitis
(n = 8)

Allergic asthma
(n = 7)

Gender (male/female) 2/3 7/1 5/2
Age 38 (27–58) 43 (24–66) 44 (27–56)
Ex-smokers 0 2 1
SPT birch mm2 0 42.9 (20–88) 43.6 (26–64)
*Number of positive SPT 0 3 (0–6) 5 (1–6)
FEV1 (% of predicted) 105 (88–125) 101 (75–139) 96 (83–108)
Inflammatory markers blood

Eosinophils 109/L 0.14 (0.10–0.16) 0.12 (0.08–0.14) 0.14 (0.11–0.21)
S-ECP mg/L 7.5 (5.3–11.7) 8.6 (4.6–11.7) 6.1 (4.4–11.3)
S-HNL mg/L 64.6 (55.5–88.9) 89.0 (53.6–112) 99.4 (65.3–118)

Induced sputum
ECP mg/L 162 (81–162) 149 (65.6–296) 146 (54–350)
HNL mg/L 848 (494–1900) 1724 (510–2850) 1600 (480–2360)

Nasal lavage
ECP mg/L 2.0 (2.0–2.0) 5.0 (2.0–21.0) 2.0 (2.0–5.0)
HNL mg/L 30 (26–33) 111 (47–247) 83 (40–202)

*In addition to birch.
ECP, eosinophil cationic protein; HNL, human neutrophil lipocalin; FEV1, forced expiratory volume
in one second; SPT, skin prick test.
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tion during season. None of the patients had smoked
for the past 10 years. Forced expiratory volume in one
second (FEV1) out of season was more than 75% of
predicted and FEV1/forced vital capacity (FVC) was
more than 70% in all patients.

Control group

The control group consisted of five healthy, non-
atopic, never-smoking subjects (Table 1). These indi-
viduals had no allergic symptoms either outside or
during the birch pollen season. They were skin prick
test negative to nine standard allergens including birch
pollen, had no immunoglobulin E (IgE) antibodies to
birch and had normal lung function with an FEV1 of
more than 80% of predicted.

Study design

The design of the present study has been described in a
previous report of Kämpe et al. (17).

The study included five visits to our outpatient
clinic. Both the inclusion visit and the baseline visit
were performed out of season between November and
January. Bronchial challenge was performed in January
and February. The season visit was made 2 to 3 weeks
after the pollen counts had reached 4000 grains/m3 of
air (17). The study was performed during the birch
pollen seasons in 2000 and 2002, because of the low
pollen counts in 2001. Patients were included consecu-
tively, thus all patients were studied pre-season and
during season in the same year. The subjects were told
to avoid short-acting bronchodilators and antihista-
mines for 24 h before the visit and nasal decongestants
for 4 h before the visit.

Bronchial allergen challenge test

The experimental bronchial challenge test was per-
formed using a DeVilbiss-40 nebulizer (particle size
0.5 to 5.5 mm, output 0.175 � 0.3 mL/min, mean �
standard deviation) (Devillbiss Co, Somerset, PA,
USA) (18). Bronchial challenge with birch pollen
extract (Aquagen® SQ, ALK-Abelló, Hørsholm,
Denmark) was performed in three steps with the doses
1000 standardized quality units (SQE), 10 000 SQE
and 100 000 SQE, starting with inhalation of a diluent.
A positive response was defined as a reduction of FEV1

with at least 20% from the FEV1-value after inhalation
of diluent. The response to the allergen provocation
was calculated as the cumulative dose that caused at
least 20% decrease in FEV1 (allergen PD20). In case that
no significant fall in FEV1 occurred, allergen PD20 was

arbitrary given the value of 150 000 SQE. Blood and
sputum samples were taken approximately after 18 h.

Nasal challenge test

The experimental nasal challenge test was performed
by instillation of 0.3 mL birch pollen extract
(Aquagen® SQ) in three steps with the doses 1000 SQE,
10 000 SQE and 100 000 SQE, starting with a diluent,
and applied in the same nostril every 15 min. The
symptom score was estimated and if pronounced local
symptoms and sneezing occurred, the challenge test
was stopped. The response to the allergen provocation
was categorised into four groups: no response,
response to 100 000 SQE, and response to 10 000 SQE
or 1000 SQE. Blood samples and nasal lavage were
taken approximately 18 h after the challenge test was
completed.

Skin prick tests

Skin prick tests were performed with nine standard
aeroallergen extracts (birch, timothy, mugwort, cat
dander, dog dander, horse dander, Dermatophagoides
pteronyssinus, Cladosporium herbarum and Alternaria),
using Soluprick SQ ALK (Hørsholm, Denmark). The
results were read after 15 min, measuring the largest
diameter of the weal and its perpendicular diameter,
and the product was expressed in mm2. Skin reactions
were considered positive when larger than 9 mm2.

Spirometry

Lung function tests were performed with a
Vitalograph-Compact spirometer (Vitalograph Ltd.,
Buckingham, UK). FEV1, FVC, FEV1/FVC% and PEFR
were recorded. The reference values were those from
the European Community for Coal and Steel (19).

Blood sampling

Four millilitres of EDTA blood was collected for
routine laboratory tests of eosinophil counts (Cell-
Dyn 4000, Abbott Laboratories, Abbot Park, IL, USA).
Serum for analyses of eosinophil cationic protein
(ECP) and human neutrophil lipocalin (HNL) was col-
lected from the 4 mL of blood in SST tubes (Becton
Dickinson AB, Franklin Lakes, NJ, USA), kept for
60 min in room temperature and centrifuged for
10 min at 3600 rpm. The serum was frozen to -70°C.
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Induced sputum

Sputum samples were obtained by hypertonic saline
inhalation according to Pizzichini et al. (20), except
that the subjects were not pre-treated with inhaled
bronchodilators. An ultrasonic nebuliser (OMRON U
1, Sonesta Tamro no 28 36 06, Stockholm, Sweden) was
used for the inhalations. After completing the inhala-
tion, the subjects were instructed to ‘huff’ and cough
into the container. The mucus clods were aspirated
with a 2-mL syringe and collected. The entire sputum
clod was weighed and immediately transported to the
laboratory. The sputum sample was kept on ice and an
equal amount of 0.2% dithiothreitol in phosphate
buffer, sputolysin (CalbioChem, SputolysinReagent,
art no 56 000; San Diego, CA, USA), was added before
incubation at 22°C for 15 min. The sample was then
centrifuged and the supernatant frozen at -70°C for
the subsequent analysis of ECP and HNL.

Nasal lavage

Lavage of the nasal mucosa was performed according
to Wåhlinder et al. (21), with a 20-mL syringe attached
to a nose olive. The subjects were standing with their
heads flexed about 30° forward. At room temperature
(20°C–22°C), sterile 0.9% saline was introduced into
the nasal cavity. Each nostril was lavaged with 5 mL of
the solution, which was flushed back and forth five
times via the syringe, at intervals of a few seconds. The
recovered fluid was weighed and the amounts obtained
were comparable in all subjects. The fluid was trans-
ferred into 10-mL polypropylene centrifuge tubes. It
was kept on ice and, within 30 min, the solution was
centrifuged at 800 g for 5 min. The supernatant was
then centrifuged at 1400 g for 5 min and immediately
frozen in small aliquots at -70°C for analyses of ECP
and HNL.

Inflammatory markers

Blood eosinophil counts (normal range 0.0–0.5 ¥
109/L) were determined using routine methods at the
Department of Clinical Chemistry, Uppsala University
Hospital. Differential cell counts were obtained using a
cytospin preparation (Cytospin, Shandon, Southern
Instruments, Sewickley, PA, USA) stained with May
Grünewald and Giemsa, and examined under light
microscope. ECP was analysed by Unicap, Pharmacia.
HNL was assayed by a double-antibody radioimmu-
noassay described in detail elsewhere (22). The inter-
and intra-assay coefficients of variations were <10%
for all tests. Specific IgE was determined with a Radio-

AllergoSorbent Test at the Department of Clinical
Immunology, Uppsala University Hospital (normal <
0.35 kU/L).

Statistical evaluation

The chi-squared test and Mann–Whitney U test were
used to evaluate statistical differences between the
groups. For paired analyses, Wilcoxon’s matched pairs
test was used. Correlations were investigated with
Spearman’s test (rho). A P value of < 0.05 was consid-
ered significant. Both patient groups were combined
when analysing the inflammatory response as previous
analysis showed a similar seasonal inflammatory
response in both groups (17). The results are expressed
as median and interquartile range unless otherwise
stated.

All the calculations were performed using the Statis-
tica statistical software package (Statsoft Inc, Tulsa,
OK, USA).

Results

Provocation and bronchial allergen
responsiveness

Patients with allergic asthma were more responsive,
measured by FEV1decline, to bronchial challenge than
patients with rhinitis (Fig. 1A). This was also found
when responsiveness was expressed as PD20 [PD20 =
3700 (2450–7700) vs 34 500 (3850–150 000) SQE, P =
0.04] (Fig. 1B). None of the non-allergic subjects
reacted to the provocation. No difference was found
between asthmatics and patients with rhinitis regard-
ing the response to nasal challenge.

Inflammatory response during season in relation
to bronchial reactivity

No significant association was found between the level
of bronchial responsiveness to the allergen provocation
and the inflammatory response to seasonal allergen
exposure (Table 2).

Inflammatory response after experimental and
seasonal exposure

Seasonal exposure was related to a more marked
inflammatory response in the blood than bronchial or
nasal provocation when combining the patient groups
with allergic asthma and rhinitis (Table 3, Fig. 2A,B).
No difference was found between bronchial and sea-
sonal exposure concerning inflammatory response in
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sputum (Table 3). Seasonal exposure was associated
with a significant increase of ECP in nasal lavage
(P = 0.04) whereas no significant increase was seen
after nasal challenge. The difference in change in

inflammatory markers between seasonal and nasal
provocation was, however, not statistically significant
(Table 3).

Correlation between seasonal and experimental
exposure

A significant correlation was found between the experi-
mental challenge and seasonal exposure in the change in
sputum (SP)-ECP in induced sputum (Table 4).

Discussion

The main result of the present study is that bronchial
allergen challenge gives a similar inflammatory re-
sponse in the airways but less systemic inflammation
than seasonal exposure in birch pollen allergic patients
with asthma and rhinitis. The patients with predomi-
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Figure 1. Proportion of patients and controls that responds to
bronchial (A) and nasal (B) challenge. SQE, standardized quality
units.

Table 2. Correlation between change in inflammatory markers
during the birch pollen season and bronchial provocation
response expressed as allergen PD20

rho P value

Blood
DEosinophils 109/L 0.06 0.84
DS-ECP mg/L 0.04 0.88
DS-HNL mg/L -0.19 0.47

Induced sputum
DECP mg/L 0.04 0.89
DHNL mg/L 0.17 0.60

ECP, eosinophil cationic protein; HNL, human neutrophil lipocalin.
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Figure 2. Change in blood eosinophils (B-Eos) after seasonal
exposure (A) and bronchial provocation (B).
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nant asthma were more responsive to allergens than
those with allergic rhinitis, whereas no difference was
found between the level of allergen bronchial respon-
siveness and the seasonal inflammatory response.

The correlation between the inflammatory response
in the airways after bronchial challenge and seasonal
exposure indicates that bronchial challenge is useful
when studying allergic inflammation in the airways.
This may be an advantage as models using seasonal
exposure to pollen are more time consuming and
have many difficulties in standardisation. There are,
however, several issues related to bronchial challenge
methods such as getting the right lung deposition
compared with natural exposure (23). In the present
study, we used the most common model for bronchial
challenge, e.g. high-dose provocation. Other models
such as repeated low-dose regimens for 7 days are
more time consuming but may simulate natural expo-
sure to a larger degree (24, 25). Arvidsson et al. also
recently reported a consistency between the early bron-

chial response to inhaled allergen, when comparing
experimental and environmental challenge (26).

The lack of a systemic inflammatory response after
bronchial challenge in the present study is in accor-
dance with the results of Roquet et al., though a sig-
nificant increase in bronchial hyperresponsiveness was
demonstrated (27). In that study, no significant sys-
temic inflammatory response measured by eosinophils
or ECP in blood could be demonstrated after bronchial
challenge with allergen. Keen et al. also recently dem-
onstrated an increase in Bet v1-specific IgA in nasal
lavage during pollen season, but not after a single aller-
gen challenge (28), indicating that allergen provoca-
tion gives rise to less systemic inflammatory changes
than seasonal long-term exposure. Thus, both single
challenge and environmental setting models (approxi-
mately 3–4 h daily) give a too short exposure time to
activate systemic inflammation. In contrast, repetitive
provocation or exposure during pollen season may
cause this kind of systemic response. The lack of sys-
temic effects after bronchial allergy challenging may be
an advantage from a safety point but also a disadvan-
tage if the purpose of the investigation is to study sys-
temic allergic inflammation.

In our study, we showed that patients with allergic
asthma were more responsive to the bronchial allergy
challenge than patients with allergic rhinitis, but no
difference in seasonal inflammatory response was
found between subjects with a higher and lower aller-
gen responsiveness. These results are in line with pre-
vious results from the same population where we
found that allergic asthmatics were more responsive
to hypertonic saline than those with allergic rhinitis,
whereas no difference in seasonal inflammatory
changes could be found between the groups (17).
This is also in line with what Marcucci et al. recently

Table 3. Change in inflammatory markers (median and interquartile range) after seasonal and experimental exposure combing both
allergic groups

Seasonal exposure Bronchial provocation P value Nasal provocation P value

Blood
DEosinophils 109/L 0.25 (0.14 to 0.33) 0.11 (0.04 to 0.19) 0.03 0.04 (0.02 to 0.1) 0.003
DS-ECP mg/L 8.6 (1.0 to 13.3) 4.3 (1.7 to 7.8) 0.16 1.3 (-0.8 to 3.9) 0.06
DS-HNL mg/L 1.4 (-3.5 to 5.3) -2.0 (-8.6 to 9.6) 0.93 -4.4 (-11.4 to 2.8) 0.46

Induced sputum
DECP mg/L 834 (11 to 2580) 734 (-7 to 5000) 0.93
DHNL mg/L -103 (-626 to 191) 188 (-94 to 474) 0.14

Nasal lavage
DECP mg/L 2.1 (0 to 9.1) 0 (-3.5 to 7.4) 0.18
DHNL mg/L -10 (-42.6) 0 (-57 to 29) 0.98

ECP, eosinophil cationic protein; HNL, human neutrophil lipocalin.

Table 4. Correlation between experimental and seasonal aller-
gen exposure regarding change in inflammatory markers

rho P value

Blood
DEosinophils 109/L -0.08 0.74
DS-ECP mg/L 0.09 0.73
DS-HNL mg/L 0.06 0.82

Induced sputum
DECP mg/L 0.62 0.02
DHNL mg/L -0.30 0.28

Nasal lavage
DECP mg/L 0.24 0.36
DHNL mg/L 0.03 0.90

ECP, eosinophil cationic protein; HNL, human neutrophil lipocalin.
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demonstrated where children with allergic asthma and
allergic rhinitis to house dust mite had the same degree
of local inflammation in the airways and the nose,
measured by nasal-ECP and exhaled nitric oxide (NO),
during seasonal exposure in winter time (29). Thus,
the difference in bronchial response between patients
with allergic asthma and rhinitis is not only just the
matter of ongoing inflammation, but also probably
related to other mechanisms such as remodelling. Data
in favour of this hypothesis point out that the remod-
elling occurring after chronic exposure to house dust
mite in animal models (30, 31) leads to chronic inflam-
mation and remodelling in the airway wall, subepithe-
leal layer and extra cellular matrix with deposition of
fibronectin and tensacin (32). This could interconnect
the acute allergic inflammation which is dominated by
eosinophils with the more neutrophilic inflammation
in chronic and severe asthma (33). Recent studies have
emphasised the role of eosinophils in remodelling and
increase in airway smooth muscle mass after allergen
challenge (34, 15).

In conclusion, bronchial allergen challenge gives a
similar inflammatory response in the airways but less
systemic inflammation than seasonal exposure in birch
pollen-allergic patients with asthma and rhinitis. This
indicates that bronchial challenge can replace models
using seasonal exposure when studying allergic inflam-
mation in the airways but are of limited value when
investigating systemic allergic inflammation.

Acknowledgements

The study was supported financially by the Swedish
Association against Asthma and Allergy, the Swedish
Heart and Lung Foundation and Bror Hjerpstedt’s
Foundation. We are grateful to Maria Lampinen for
valuable views on the manusript.

References

1. Canonica GW. Treating asthma as an inflammatory
disease. Chest. 2006;130: 21–8.

2. Braunstahl GJ. The unified system: respiratory
tract-nasobronchial interaction mechanisms in allergic
disease. J Allergy Clin Immunol. 2005;115: 142–8.

3. Carlson M, Håkansson L, Peterson C, Stålenheim G,
Venge P. Secretion of granule proteins from eosinophils
and neutrophils is increased in asthma. J Allergy Clin
Immunol. 1991;87: 27–33.

4. Carlson M, Håkansson L, Kämpe M, Stålenheim G,
Peterson C, Venge P. Degranulation of eosinophils from
pollen-atopic patients with asthma is increased during
pollen season. J Allergy Clin Immunol. 1992;89: 131–9.

5. Venge P. Reveiw article: monitoring the allergic
inflammation. Allergy. 2004;59: 26–32.

6. Jatakanon A, Uasuf C, Maziak W, Lim S, Chung KF,
Barnes P. Neutrophilic inflammation in severe persistent
asthma. Am J Respir Crit Care Med. 1999;160: 1532–9.

7. Ciprandi G, Cirillo I, Vizzaccaro A, Monardo M, Tosca
MA. Early bronchial airflow impairment in patients with
persistent allergic rhinitis and bronchial
hyperresponsiveness. Respir Med. 2005;99: 1606–12.

8. Rondón C, Dona I, López S, Campo P, Romero JJ, Torres
MJ, Mayorga C, Blanca M. Seasonal idiopathic rhinitis
with local inflammatory respons and specific IgE in
abscence of systemic response. Allergy. 2008;63: 1352–8.

9. Boulet L-P, Gauvreau M-E, O’Byrne P, Crockcroft DW.
The allergen bronchoprovocation model: an important
tool for the investigation of new asthma
anti-inflammatory therapies. Allergy. 2007;62: 1101–10.

10. Patel P, D’Andrea C, Sachs, HJ. Onset of action of
azelastine nasal spray compared with mometasone nasal
spray and placebo in subjects with seasonal allergic
rhinitis in an environmental exposure chamber. Am J
Rhinol. 2007;21(4): 499–503.

11. Marogna M, Massolo A, Berra D, Zanon P, Chiodini E,
Canonica GW, Passalacqua G. The type of sensitizing
allergen can affect the evolution of respiratory allergy.
Allergy. 2006;61(10): 1209–15.

12. Shaaban R, Zureik M, Soussan D, et al. Allergic rhinitis
and onset of bronchial hyperresponiveness. A
population-based study. Am J Respir Crit Care Med.
2007;176: 659–66.

13. Stakuniene J, Sakalauskas R. The immunological
parameters and risk factors for pollen-induced allergic
rhinitis and asthma. Medicina (Kaunas). 2003;39(3):
244–53.

14. Casset A, Purohit A, Birba E, Chenard MP, Uring Lambert
B, Bahram S, Meyer P, Pauli G, De Blay F. Bronchial
challenge test in asthmatics sensitized to mites: role of
particle size in bronchial response. J Aerosol Med.
2007;20: 509–18.

15. Kariyawasam HH, Aizen M, Barkans J, Robinson DS, Kay
B. Remodelling and airway hyperresponsiveness but not
cellular inflammation persist after allergen challenge in
asthma. Am J Respir Crit Care Med. 2007;175: 896–904.

16. Phipps S, Benyahia F, Ou TT, Barkans J, Robinson DS,
Kay B. Acute allergen-induced airway remodelling in
atopic asthma. Am J Respir Cell Mol Biol. 2004;31:
626–32.

17. Kämpe M, Ståhlenheim G, Janson C, Stolt I, Carlson M.
Systemic and local eosinophil inflammation during birch
pollen season in allergic patients with predominant
rhinitis or asthma. Clin Mol Allergy. 2007;5: 1–8.

18. Machado L. Increased bronchial hypersensitivity after
early and late bronchial reactions provoked by allergen
inhalation. Allergy. 1985;40(8): 580–85.

19. Quanjer PH, Tammeling GJ, Cotes JE, Pedersen OF, Peslin
R, Yernault JC. Lung volumes and forced ventilatory
flows. Report working party standardization of lung

Kämpe et al. Eosinophil inflammation in allergic patients

43The Clinical Respiratory Journal (2010) • ISSN 1752-6981
© 2009 The Authors. Journal compilation © 2009 Blackwell Publishing Ltd



function tests, European community for steel and coal.
Official statement of the European Respiratory Society.
Eur Respir J. 1993;16(Suppl): S5–40.

20. Pizzichini MMM, Pizzichini E, Clelland L, Efthimiadis A,
Mahony J, Dolovich J, Hargreave FE. Sputum in severe
exacerbations of asthma: kinetics of inflammatory indices
after prednisone treatment. Respir Crit Care Med.
1997;155: 1501–8.

21. Wåhlinder R, Norbäck D, Wieslander G, Smedje G, Erwall
C, Venge P. Nasal patency and biomarkers in nasal lavage
– the significance of air exchange rate and type of
ventilation in schools. Int Arch Occup Environ Health.
1998;71: 479–86.

22. Xu S, Peterson CGB, Carlson M, Venge P. The
development of an assay for human neutrophil lipocalin
(HNL) – to be used as a specific marker of the neutrophil
activity in vivo and vitro. J Immunol Methods. 1994;171:
245–52.

23. Sierra Martinez JI. Indications and utility of allergen
provocation testing. Allergol Immunopathol. 2004;32(3):
129–33.

24. Ihre E, Zetterström O. Increase in non-specific bronchial
responsiveness after repeated inhalation of low doses of
allergen. Clin Exp Allergy. 1993;23: 298–305.

25. Ihre E, Gyllfors P, Gustafsson LE, Kumlin M, Dahlén B.
Early rise in exhaled nitric oxide and mast cell activation
in repeated low-dose allergen challenge. Eur Respir J.
2006;27: 1152–9.

26. Arvidsson MB, Löwhagen O, Rak S. Early and late phase
asthmatic response in lower airways of cat-allergic
asthmatic patients – a comparison between experimental
and environmental allergen challenge. Allergy. 2007;62:
488–94.

27. Roquet A, Ihre E, van Hage-Hamsten M, Halldén G,
Zettterström O. Allergen-induced inflammation in the

nose: a comparison of acute and repeated low-dose
allergen exposure. Allergy. 1996;51: 42–8.

28. Keen C, Johansson S, Reinholdt J, Benson M, Wennergren
G. Bet v 1-specifik IgA increases during the pollen season
but not after a single allergen challenge in children with
birch pollen-induced intermittent allergic rhinitis. Ped
Allergy Immunol. 2005;16: 209–16.

29. Marcucci F, Passalacqua GW, Canonica F, et al. Lower
airway inflammation before and after house dust mite
nasal challenge: an age and allergen exposure-related
phenomenon. Repir Med. 2007;101:1600–8.

30. Snibson KJ, Bischof RJ, Slocombe RF, Meeusen EN.
Airway remodelling and inflammation in sheep lungs
after chronic airway challenge with house dust mite. Clin
Exp Allergy. 2005;35: 146–52.

31. Johnson JR, Wiley RE, Fattouh R, Swirski FK, Gajewska
BU, Coylem AJ, Guittierrez-Ramos JC, Ellis R, Inman
MD, Jordana M. Continous exposure to house dust mite
elicits chronic airway inflammation and structural
remodelling. Am J Respir Crit Care Med. 2004;169:
378–85.

32. Latinen A, Altraja A, Kämpe M, Linden M, Virtanen I,
Laitinen LA. Tenascin is increased in airway basement
membrane of asthmatics and decreased by inhaled
steroid. Am J Respir Crit Care Med. 1997;156: 951–58.

33. Kikuchi S, Nagata M, Kikuchi I, Hagiwara K, Kanazawa
M. Association between neutrophilic and eosinophilic
inflammation in patients with severe asthma. Int Arch
Allergy Immunol. 2005;137(Suppl 1): 7–11.

34. Zagai U, Sköld CM, Trulson A, Venge P, Lundhal J. The
effect of eosinophils on collagen gel contraction and
implications for tissue remodelling. Clin Exp Immunol.

2004;135(3): 427–33.

Eosinophil inflammation in allergic patients Kämpe et al.

44 The Clinical Respiratory Journal (2010) • ISSN 1752-6981
© 2009 The Authors. Journal compilation © 2009 Blackwell Publishing Ltd


