Effect of six-hour exposure to nitrogen
dioxide on early-phase nasal response to
allergen challenge in patients with a history
of seasonal allergic rhinitis
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Background: Recent studies have suggested that exposure to. air pollutants may enhance the
airway responsiveness of susceptible individuals to inhaled allergen.

Methods: To investigate the effect of exposure to nitrogen dioxide (NO,) on nasql airways
resistance (NAR) and inflammatory mediators in nasal lavage fluid; éight subjects with a
history of seasonal allergic rhinitis, who were tested out of season, were exposed in a
randomized. single-blind, crossover study to either air or 400 ppb NO, for 6 hours. The
changes in NAR and eosinophil cationic protein (ECP), mast cell fryptase (MCT), neutrophil
myeloperoxidase (MPO), and interleukin-8 (IL-8) in nasal lavage fluid before and after
exposure were evaluated. Another group of eight subjects with a history of seasonal allergic
rhinitis were also randomized o exposure to air or 400 ppb NO, for 6 hoirs and then
challenged with allergen, before evaluation for changes iin NAR and changes in ECP, MCT,
MPO, and IL-8 in nasal lavage fluid.

Results: Exposure to air or NO, did not alter either NAR or the levels of ECP, MCT, MPO,
or IL-8 in nasal lavage fluid. Allergen challenge after exposure to both air and NO,
significantly (p < 0.05) increased levels of MCT, but not MPO and IL-8, in the nasal lavage
fluid, In addition, allergen challenge after exposure to NO,, but not air, significantly increased
levels of only ECP in nasal lavage fluid (p < 0.05).

Conclusions: These results suggest that acute exposure to NO,, at concentrations found at

the curbside in heavy traffic during episodes of pollution, may “prime”” eosinophils for
subsequent activation by allergen in individuals with a history of seasonal allergic rhinitis.
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Epidemiologic studies have demonstrated that
the incidence of allergic rhinitis has increased over
the last 2 to 3 decades and have suggested that this
may in part be a consequence of increased air
pollution.>2? Studies from Japan have suggested
that an increased incidence of allergic rhinocon-
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Abbreviations- used
ECP: Eosinophil cationic protein
GM-CSF: Granulocyte-macrophage colony-
stimulating factor
IL:  Interleukin

MCT: Mast cell fryptase
MPO: Myeloperoxidase
NAR: Nasal airways resistance

NO,: Nitrogen dioxide
SO, Sulfur dioxide

junctivitis in individuals living near motorways
lined with old cedar trees and having heavy car
traffic all day long, compared with the incidence in
individuals living near cedar forests with less in-
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tense traffic, is likely to be due to increased expo-
sure of these individuals to vehicle exhaust pollut-
ants.®> Similarly, studies from Germany have
suggested that a higher incidence of hay fever in
cities previously in West Germany, compared with
the incidence in cities previously in East Germany,
may be due to increased levels of nitrogen dioxide
(NO,), resulting from greater use of liquid petro-
leum fuel by industry and drivers of motor vehicles
in West Germany.* >

More recent studies from the United Kingdom
have indicated that direct exposure of patients with
mild asthma to NO,, either alone or in combina-
tion with sulfur dioxide (SO,), increases the re-
sponsiveness of the lower airways to inhaled house
dust mite allergen. Tunnicliffe et al.® have investi-
gated the effect of 1-hour exposure to concentra-
tions of 100 ppb or 400 ppb NO,, through a
mouthpiece, and demonstrated that compared
with exposure to air, prior exposure to 400 ppb
NO, led to a significant increase in the maximal
percentage change from baseline in forced expira-
tory volume in 1 second after inhalation of a fixed
dose of house dust mite allergen. Devalia et al.”
have investigated the effect of 6-hour exposure to
400 ppb NO,, 200 ppb SO, or 400 ppb NO, +
200 ppb SO, in a modified exposure chamber, and
demonstrated that only the combination of the two
pollutants significantly decreased the dose of
house dust mite allergen required to reduce forced
expiratory volume in 1 second by 20%, when
compared with prior exposure to air.

Although a number of studies have investigated
the mechanisms underlying the effect of exposure
to NO, in the lower airways,®19 to date there are
no such studies of the effect of exposure to this
pollutant in the upper airways in either atopic or
nonatopic individuals. More importantly, there are
no studies on the effects of acute exposure to NO,
on allergen-induced changes in the upper airways
of susceptible individuals, such as those with sca-
sonal allergic rhinitis. In view of these findings, the
aims of this study were: (1) to investigate the effect
of 6-hour exposure to 400 ppb NO, on nasal
symptoms and release of mediators in the nasal
mucosa of patients with a history of seasonal
allergic rhinitis, tested outside the pollen season,
and (2) to investigate the effect of prior 6-hour
exposure to 400 ppb NO, on allergen-induced
changes in nasal symptoms and mediator release
in these patients. Only a single concentration of
400 ppb NO, was investigated because it was not
possible to implement any dose-response studies as
a consequence of the patient volunteers’ inability
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and/or lack of desire to be exposed to NO, on
numerous occasions, which such studies would
necessitate.

METHODS
Subjects

Because no data were available for comparison from
similar studies, it was not possible to perform power
statistics at the outset of this study, which was conducted
in randomized, single-blind, and crossover manner out-
side the pollen season in the United Kingdom. Conse-
quently, we performed our study in a total of 16 patients
with a history of seasonal allergic rhinitis who were free
of symptoms, on the basis of the study by Bascom et al.,!!
which investigated the effect of 4-hour exposure to
500 ppb ozone in 12 patients with rhinitis. Six men and
10 women, aged 18 to 55 years (mean age, 26.4 years)
participated in the study, and all had documented allergy
to grass pollen on the basis of history of provocation of
allergic rhinitis on contact with grass pollen and a
positive skin test response to an extract of mixed grass
pollen allergen (Allerayde Ltd., Nottingham, U.K.).
None had smoked cigarettes or tobacco in the previous
2 years. None were receiving inhaled corticosteroids or
sodium cromoglycate, and all subjects were asked to
abstain from use of nasal ipratropium bromide for 24
hours and antihistamines for 48 hours before testing.
Ethical approval for this study was obtained from the
Ethics Committee of St. Bartholomew’s Hospital, and all
patients gave written consent at the time of entry.

Study design

On the first visit of the study, each volunteer was skin
prick tested with mixed grass pollen allergen, and nasal
airways resistance (NAR) was measured. After measure-
ment of resting NAR, the subject was challenged with
normal saline solution (0.9%), and NAR was measured
again. Nasal reactivity of the individual was then as-
sessed by measurement of NAR after nasal provocation
with increasing concentrations of grass pollen allergen,
as described below. Only those subjects who showed a
threefold increase in NAR after nasal provocation with
one of the concentrations of allergen, compared with the
value of NAR measured after normal saline challenge,
were included in the study.

The 16 subjects who met the entry criteria were
divided into two groups of eight: one group (group 1)
was investigated after exposure to air or 400 ppb NO,,
and the other group (group 2) was investigated after
nasal allergen challenge after exposure to air or 400 ppb
NO,.

The individuals in group 1 were randomized to expo-
sure to air or 400 ppb NO,. Before exposure, resting
NAR was measured and a nasal lavage was carried out in
each subject. The subjects were then exposed to an
atmosphere of either air or air containing 400 ppb NO,
for 6 hours in an exposure chamber, during which the
number of times the subject sneezed was recorded. At
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the end of exposure, NAR measurement and nasal
lavage were repeated. All lavage samples were centri-
fuged at 1000 g for 10 minutes, and supernatants were
collected and stored at —70° C until they were analyzed
for various mediators. After a 2-week washout period,
the subjects were exposed to the alternate atmosphere,
and all the tests were repeated as before. The subjects in
group 2 followed a similar experimental protocol, except
that they were challenged with mixed grass pollen aller-
gen immediately after measurement of NAR after expo-
sure to air or 400 ppb NO, for 6 hours. Nasal allergen
provocation was performed with different concentra-
tions of allergen until the NAR increased threefold from
the NAR after normal saline challenge. All nasal dis-
charge produced after allergen provocation was col-
lected into polypropylene funnels, and the nose was
lavaged after 30 minutes. The nasal discharge and lavage
were pooled and processed as described previously.

Exposure chamber

Exposures of all volunteers to a concentration of
400 ppb NO, in air were conducted in an environmental
chamber. A medical quality “stock” 200 ppm NO,/air
gas mix (BOC Special Gases, London, U.K.), specifically
approved and licensed (license number ML/0735/01
Specials) for use in these studies, was diluted with room
air by using a Quantitec Model 853 V5 gas blender
{Quantitec Ltd., Milton Keynes, U.K.), The diluted mix
of 400 ppb NO, in air was transferred to the environ-
mental chamber through Teflon tubing, and the cham-
ber was equilibrated quickly and efficiently by dissipating
the incoming gas mixtures by means of a fan. The
atmospheric concentration of NO, in the chamber was
maintained at 400 ppb by continually purging the cham-
ber with the diluted gas mixture and was monitored
continuously with a CEA Instruments NO, monitor
(model TGM 555, Quantitec L.td.), which has a detec-
tion limit of 5 ppb for NO, and measures with an
accuracy of greater than 98%.

Measurement of NAR

NAR was measured during both inspiration and expi-
ration by means of active posterior rhinomanometry
with a Mercury NR8 rhinomanometer (Mercury Instru-
ments Ltd., Glasgow, U.K.). A pressure tube was placed
in the mouth, and patients were instructed to breathe
normally through both nostrils, with their lips sealed
tightly around the pressure tube. Airflow was measured
with a pneumotachograph, so that under stable condi-
tions the pressure developed in the mouth was equal to
that behind the nasal passages. NAR was calculated by
dividing pressure by flow rate.

Nasal allergen provocation

Freeze-dried extracts of mixed grass pollen (Pharma-
cia, Milton Keynes, U.K.) were made up in normal saline
solution to produce final concentrations of 250, 2500,
25,000, and 125,000 BU/ml. One hundred microliters of
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normal saline control was nebulized at an airflow rate of
7 L/min, from a cuvette with a modified airbrush (Hum-
brol, Hull, UK.), and NAR was measured. This was
followed by nebulization of allergen solutions of increas-
ing concentrations, until NAR was increased threefold
above the saline control value. During nebulization,
each subject was instructed to hold his or her breath at
the end of inspiration for approsimately 3 seconds, and
the opposite nostril was gently compressed by external
finger pressure: these maneuvers were undertaken to
prevent the passage of solutions to the lower respiratory
tract and the opposite nostril.

Nasal lavage

A modification of the technique of Hilding!? was used.
A size 12F Foley catheter (Rusch UK Ltd., High Wy-
combe, U.K.), modified by cutting off the tip dlstal to the
balloon to avoid trauma to the nasal mucosa, was placed
in the nasal vestibule. The balloon was inflated to the
maximum comfortably tolerated by the volunteer (ap-
proximately 5 to 8 ml of air) to create a seal. Each
subject was asked to flex his or her head slightly forward
to prevent escape of fluid through the posterior choanae,
and lavage was performed by connecting the catheter to
a bladder syringe containing 7 ml of normal saline
solution warmed to 37°C. The cycle of lavage and
aspiration was performed three times, and after the final
aspiration, the balloon was deflated and the catheter
removed. Both nostrils were lavaged, the lavage fluids
were pooled, and 3.0 ml aliquots of the pooled lavage
fluid was centrifuged at 1000 g for 10 minutes at 4° C.
The supernatants from each aliquot were aspirated and
stored at —70° C until analysis was performed.

We have determined that this technique of nasal
lavage was well tolerated by the volunteers because the
lavage fluid could not easily be swallowed and conse-
quently did not cause much discomfort. More: impor-
tantly, compared with other techniques, this technique
allowed a greater “dwell time” for the lavage fluid in the
nasal passages, and the cycles of lavage ‘and aspiration
resulted in more thorough nasal washing and recovery of
nasal secretions.

Measurement of mediators in nasal
lavage fluid

Before analysis, all supernatant samples were concen-
trated by freeze-drying overnight in a mode! SB6C
freeze dryer (Bewhay Vacuum & Technical Ltd., Bore-
ham Wood, UK.). The concentrated samples were
resuspended in 0.3 to 0.5 ml Tris-buffered saline and
analyzed, by an investigator blinded to the experi-
mental protocol, for eosinophil cationic protein (ECP),
mast cell tryptase (MCT), neutrophil myeloperoxidase
(MPO), and interleukin (IL)-8 with commercially avail-
able immunoassay kits. The conceéntrations, in nano-
grams per milliliter, of ECP, MCT, and MPO in lavage
supernatant were measured with CAP fluoroimmunoas-
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TABLE |. Effect of 6-hour exposure to air or NO, on NAR during inspiration and expiration and

number of sneezes

Air exposure

NO, exposure

Inspiration Expiration Inspiration Expiration
NAR (Pa/ml/sec)
Before exposure 0.21 0.29 0.22 0.33
Range 0.13-0.35 0.20-0.50 0.14-0.53 0.18-0.51
After exposure 0.22 0.28 0.20 0.32
Range 0.18-0.38 0.22-0.44 0.16-0.30 0.19-0.56
No. of sneezes 0.63 = 0.50 1.75 £ 0.94

Results for NAR are expressed as median values, and results for number of sneezes are expressed as means + SEM (n = 8).

say system, RIACT immunoradiometric assay system,
and radioimmunoassay, respectively (Pharmacia, Milton
Keynes, U.K.). The concentration of IL-8 was measured
in picograms per milliliter by ELISA (R&D Systems,
Abingdon, U.K.).

Statistical analysis

The normality of results was tested with a normal
probability plot and the Shapiro-Wilk test. The results
for allergen concentration used and number of sneezes
counted were normally distributed and were expressed
as means = SEM. Paired Student’s ¢ tests were applied
to assess the significance of changes for these results.
Results for measurements of NAR and mediators in the
lavage were not normally distributed and were expressed
as median values. The significance of the changes for
these results was assessed by Wilcoxon’s test. All statis-
tical tests were performed with the Minitab data analysis
software (Minitab Inc., State College, Pa.), and p values
of less than 0.05 were regarded as significant.

RESULTS

No significant changes were found in NAR,
during either inspiration or expiration after 6-hour
exposure to air or 400 ppb NO,, in the subjects in
group 1. Exposure for 6 hours to air or 400 ppb
NO, did not induce rhinorrhea nor did it signifi-
cantly alter the mean number of sneezes in this
group of volunteers (Table I). Analysis of ECP,
MCT, MPO, and 11.-8 levels in nasal lavage fluid
demonstrated that these values were also not al-
tered significantly after 6-hour exposure to air or
400 ppb NO, (Fig. 1).

Assessment of NAR, immediately after expo-
sure, and the mean number of sneezes during
6-hour exposure to air or 400 ppb NO, in the
subjects in group 2 demonstrated that this was not
significantly altered by NO,, confirming the find-
ings for these parameters in the first group of
subjects (Table 1I). As demonstrated for the pre-
vious group, 6-hour exposure to air or 400 ppb
NO, did not induce rhinorrhea in this group of

patients with rhinitis either. Comparison of the
concentration of allergen required to produce a
threefold increase in NAR after exposure to air or
NO, with that determined at the first visit (screen-
ing visit) showed that the concentration required
was not changed after exposure to either of the
gases. Similarly, comparison between the concen-
trations of allergen required to produce threefold
increases in the NAR after 6-hour exposure to air
or 6-hour exposure to NO; showed that these were
not significantly different (Table II).

Analysis of ECP in nasal lavage fluid collected
0.5 hour after allergen challenge demonstrated
that prior exposure to NO, significantly increased
the concentration of this mediator from a pre-
exposure value of 2.21 ng/ml to a postexposure
allergen challenge value of 6.72 ng/ml (p < 0.05)
(Fig. 2). In contrast, prior 6-hour exposure to air
did not significantly alter the concentration of ECP
in nasal lavage fluid after allergen challenge (1.89
ng/ml pre-exposure, compared with 2.50 ng/ml
postexposure allergen challenge; Fig. 2). Analysis
of changes in the concentration of MCT in the
nasal lavage fluid showed that unlike ECP, postex-
posure allergen challenge-induced increase in
MCT was not dependent on prior exposure of the
individuals to NO,. Prior exposure to both air and
NO, led to a significant increase in the concentra-
tion of MCT in the nasal lavage fluid, from pre-
exposure values of 0.24 ng/ml and 0.19 ng/ml to
postexposure allergen challenge values of 0.62
ng/ml (p < 0.05) and 0.55 ng/ml (p < 0.05),
respectively (Fig. 2). Analysis of the results of
measurements of MPO and IL-8 showed that these
were not significantly altered by allergen challenge
after 6-hour exposure to either air or NO, (Fig. 2).

DISCUSSION

Our studies have demonstrated that exposure of
subjects with a history of seasonal allergic rhinitis
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FiG. 1. Effect of 8-hour exposure to air or 400 ppb NO, on ECP, MCT, MPO, and iL-8
concentrations in nasal lavage fluid. Results are expressed as median values (n = 8). Wilcoxon
signed-rank test was applied to determine significance.

TABLE ll. Effect of 6-hour exposure to air or NO, on NAR during inspiration and expiration,
number of sneezes, and concentration of allergen needed to produce a threefold increase in NAR

Air exposure NO, exposure
Inspiration Expiration Inspiration Expiration
NAR (Pa/ml/sec)
Before exposure 0.22 0.30 0.18 0.26
Range 0.13-0.25 0.15-0.40 0.14-0.26 0.17-0.37
After exposure 0.21 0.30 0.21 0.27
Range 0.14-0.29 0.18-0.61 0.12-0.30 0.26-0.50
No. of sneezes 0.5£033 0.5+0.33
Allergen concentration (BU/ml)
Screening visit 87,500 = 18,298 87,500 = 18,298
After exposure 75,000 = 18,898 112,500 = 12,500

Results for NAR are expressed as median values, and results for number of sneezes and allergen concentration are expressed as
means = SEM (n = 8).
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FIG. 2. Effect of 6-hour prior exposure to air or 400 ppb NO, on ECP, MCT, MPO, and IL-8
concentrations in nasal lavage fluid after allergen challenge. Results are expressed as median

values (n = 8) {statistics as in Fig. 1).

who are free of symptoms to 400 ppb NO, for 6
hours neither altered the nasal patency (NAR) nor
increased nasal symptoms (sneezing) or the levels
of inflammatory mediators (ECP, MPO, MCT, and
IL-8) measured in nasal lavage fluid immediately
after exposure. Although prior exposure to NO,
and air for 6 hours followed by allergen challenge
led to a significant increase in the concentration of
tryptase in nasal lavage fluid, only prior exposure
to NO, followed by allergen challenge caused a
significant increase in ECP. Because ECP, MPO,
and MCT, respectively, were measured as markers
of activation for eosinophils,’*!* neutrophils,*
and mast cells'™ ! in this study, these results
suggest that 6-hour exposure to NO, primarily
influences the activity of eosinophils.

To our knowledge, this is the first report of the
effect of NO, inhalation on both the direct nasal
response and the allergen-induced nasal response

in subjects with a history of seasonal allergic
rhinitis who are free of symptoms. The lack of a
direct effect of NO, on the nose in this study is
consistent with the findings of several studies of the
response of the lower airways to inhalation of NO,,
which failed to demonstrate any effect on lung
function in patients with asthma, even after acute
exposure to NO, at concentrations as high as 4000
ppb.171? Sandstrom et al.*® demonstrated that ex-
posure to 2250 to 5500 ppb NO, for 20 minutes led
to a significant increase in the numbers of lympho-
cytes, lysozyme-positive alveolar macrophages, and
mast cells in bronchoalveolar lavage fluid of
healthy nonsmoking subjects doing light exercise.
However, these results are probably the conse-
quence of the unusually high concentrations of
NO, to which the subjects were exposed, which
may be encountered occupationally but would not
normally be attained even in unventilated areas in



J ALLERGY CLIN IMMUNOL
VOLUME 96, NUMBER &, PART 1

which gas is burned for cooking.'” Bascom et al.™
investigated the effect of 4-hour exposure to 500
ppb ozone on the nasal response of patients with
seasonal allergic rhinitis who were free of symp-
toms and demonstrated that ozone itself caused
significant increases in both upper and lower re-
spiratory symptoms and a mixed inflammatory cell
influx, as evidenced by seven-to 10-fold increase in
neutrophils, eosinophils, and mononuclear cells in
nasal lavage fluid collected after exposure, Al-
though it is possible that the discrepancy between
our findings for NO, and those of Bascom et al.'!
for ozone may be a result of differences in exper-
imental protocols used, it is more likely a result of
the difference in the chemical nature of the gas-
eous agents investigated in the two studies. Ozone
is a more potent oxidant than NO, and conse-
quently may lead to more profound biochemical,
functional, and symptomatic changes.

Our observation that prior exposure to NO,, but
not to air, significantly increased the concentration
of ECP in the nasal lavage fluid after allergen
challenge indicates that NO, may be acting either
by attracting more eosinophils into the nasal mu-
cosa or “priming” existing eosinophils to the ef-
fects of allergen exposure. Peden et al? have
recently demonstrated that exposure of atopic
subjects for 2 hours to 400 ppb ozone increased the
number of eosinophils in nasal lavage fluid and
that prior exposure to ozone augmented the eo-
sinophil response to allergen 4 hours after allergen
challenge. Although our finding of an increased
concentration of ECP in nasal lavage fluid in this
study does not necessarily indicate an increase in
the total number of eosinophils migrating into the
nasal mucosa after exposure to NO,, a recent study
of nasal biopsy specimens in our laboratory dem-
onstrated that treatment of patients with asymp-
tomatic allergic rhinitis for 2 weeks with topical
fluticasone propionate (200 p.g once daily), signif-
icantly attenuated the allergen-induced increase in
the concentration of ECP in nasal lavage fluid and
the numbers of EG2-staining cells (activated eo-
sinophils). EG1-staining cells (total number of
eosinophils) in the nasal mucosa of these subjects
were not altered, however, suggesting that eosino-
phil activation and eosinophil numbers-are impor-
tant in allergen-induced nasal disease.?! An indi-
cation of the mechanisms by which air pollutants
may influence the number and activation state of
eosinophils has come from recent in vivo and in
vitro studies. Aris et al.?> demonstrated that expo-
sure of healthy, athletic subjects for 4 hours to 200
ppb ozone significantly increased the proximal
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airway and bronchoalveolar lavage fluid concentra-
tions of IL-8 and granulocyte-macrophage colony-
stimulating factor (GM-CSF), cytokines known to
influence eosinophil activity.?»?* More recently,
we have demonstrated that exposure of primary
cultures of human bronchial epithelial cells to NO;
significantly increased release of IL-8, GM-CSF,
and tumor necrosis factor-a from these cells,®
suggesting that pollutant-induced release of airway
epithelial cytokines may modulate airway inflam-
mation by influencing the recruitment and activa-
tion of inflammatory cells. Although we have not
demonstrated any effects’ of 6-hour exposure to
NO, on the concentration of IL-§ in nasal lavage
fluid in our investigation, this does not preclude
the possibility that other cytokines, such as GM-
CSF, RANTES, and I1-5, which are potént activa-
tors and chemoattractants of eosinophils,> may
have been increased.

Although symptomatic and functional effects were
not. observed: in-the nose after 6-hour. exposure to
NO, in this study, time-delayed effects of this pollut-
ant gas cannot be ruled out. Epidemiologic studies of
exposure to other pollutants, including SO, and
respirable particulate matter (PM10), have indicated
that in patients with asthma at least, impairment in
lung function may be delayed by 24 to 48 hours.26:27
Further, Rasmussen et al.?® investigated the effect on
the lower airways of 5-hour inhalation of 2300 ppb
NO, in healthy ponsmoking individuals. in a time-
dependent manner. They demonstrated that such
exposure leads to a decrease in alveolar permeability
and serum glutathione peroxidase activity 11 and 24
hours later.

On the basis of these findings, it would be of
interest to investigate further the effect of exposure
to NO, with and ‘without allergen on both the
number and activation state of inflammatory cells
and the expression of cytokines influencing these
cells in nasal tissue. This could be studied in nasal
biopsy specimens obtained either immediately or
24 to 48 hours after exposure and would give an
indication of the mechanistic and time-lagged ef-
fects of both direct effect of exposure to NO, and
the effect of NO, on allergen-induced inflamma-
tion in the nose. Additionally, it would also be of
interest to investigate the effect of exposure to a
concentration higher than 400 ppb NO, for a
shorter period and exposure to a concentration
lower than 400 ppb NO, for a longer period on
allergen-induced effects in the nose, in both pa-
tients with atopic rhinitis and nonatopic subjects
without rhinitis.

In conclusion, our study suggests that exposure
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of subjects with a history of allergic rhinitis who are
free of symptoms to NO,, at concentrations, which
can be encountered at the curbside in heavy traf-
fic,®3! increases the number and/or activation
state of eosinophils in the nasal mucosa, possibly
enhancing the upper airway response to inhaled
allergen and exacerbating their disease.

We thank Ms. Janice Thomas, in the Department of
Statistical Analysis, St. Bartholomew’s Hospital, for as-
sistance in statistical analysis.
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