
Dose–response curves for co-exposure
inhalation challenges with ozone and
pollen allergen

To the Editor:

Exposures to pollen and air pollutants commonly occur simultaneously and have been linked to eliciting
or exacerbating the allergic response in susceptible individuals [1, 2]. The risk of co-exposure was recently
confirmed in a study from Copenhagen, Denmark [3] indicating that pollen and ozone concentration
peaks coincide both diurnally and seasonally. Ozone exposures are able to prime the airways and
exacerbate respiratory symptoms [4]. However, this effect is debated, especially regarding lower and more
commonly naturally occurring exposures [5, 6].

Here we present a study aiming to investigate whether short-term exposure to pollen allergen simultaneous
to naturally occurring levels of ozone increases the bronchoconstrictive response during specific inhalation
challenge (SIC).

The participants had allergic rhinitis and no or mild asthma, thus representing the majority of
pollen-sensitised subjects.

We included 36 non-smoking students (20 females, 16 males, mean age 24 years) with a history of allergic
rhinitis and a positive skin allergy test above 3 mm to birch and/or grass. Among these, 20 reported
respiratory symptoms (cough, wheeze, chest tightness) more than twice per year, and 10 reported mild
asthma but did not use asthma medication.

The study was performed as a randomised single blinded cross-over study, where participants served as
their own controls, i.e. all underwent SIC with and without co-exposure to ozone in a human exposure
chamber system consisting of a 79 m2 and a 32 m2 chamber [7]. Ethical clearance was granted and
informed consent was signed by all participants. All participants had an initial forced expiratory volume in
1 s (FEV1) above 70% of predicted, and underwent an unspecific bronchial methacholine challenge test
with a maximum cumulated dose of 4.51 mg methacholine bromide. No participants used antihistamines
within 72 h prior to the SIC. Participants underwent SIC with birch (n=17) or grass allergen (n=19),
depending on the clinically relevant sensitisation. Airflow, temperature, humidity, CO2 and ozone were
monitored during SICs. Ozone was added to the ventilation system. Mean±SD ozone exposure level in the
chamber throughout the study was 120.9±1.8 ppb. Participants were in the chamber for approximately 1 h
prior to the SIC.

Doses from 1.4 to 5600 SQ-U (standardised quality units) allergen extracts (ALK-Abelló) of Phleum
pratense or Betula verrucosa were administered with a Spira Dosimeter nebuliser and FEV1 was measured
15 min after each inhalation with a handheld MicroDL spirometer. SICs were performed according to the
protocol outlined by ØRBY [8]. At least 14 days passed between each SIC to avoid a carry-over effect. All
study days were outside the relevant pollen seasons.

We estimated the bronchoconstrictive response by applying a novel approach using a non-linear
four-parameter logistic regression model to assess the provocative dose of allergen causing a 20% drop in
FEV1 (PD20). The model included all FEV1 observations and was applied to the FEV1 data using the log
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cumulative dose as independent variable:

FEV1(x) ¼ aþ b� a

1þ exp
c� x
d

(1)

Where x is log cumulative dose, a is baseline FEV1, b is FEV1 at maximal log cumulative dose, c is the log
cumulative dose corresponding to half the decrease in FEV1 (the inflection point), and d is a scaling
parameter. Repeated measurements for each subject were taken into account by including random subject,
and exposure within subject, effects. All results were obtained using the nlme package in the R Program.
Statistical significance was set at p=0.05.

Non-specific bronchial methacholine challenge test was positive for 14 participants and of these, 40%
dropped below 20% only after the highest dose. The methacholine PD20 estimate for all participants was
4.4 mg (95% CI 2.8–6.8 mg) methacholine bromide.

The non-linear regression model used to assess individual SIC profiles showed a good fit to measured
data, resulting in reliable estimates of both the profiles and PD20, and with no systematic errors in the
residuals. For grass, 15 of the 19 participants had lower PD20 when co-exposed to ozone. For birch, this
was true for nine of the 17 participants. However, differences between PD20 for allergen alone and
co-exposure to ozone was not statistically significant (birch, p=0.35; grass, p=0.14). Also, no statistically
significant difference was seen for the modelled SIC profiles. Figure 1 shows the combined modelled FEV1

by log cumulated dose of allergen curves.

Compared to natural setting studies, exposure chamber studies offer well-controlled ozone levels, and
assure elimination of all other exposures. However, only short-term exposures are feasible. Our negative
finding may be due to the short exposure time to lower levels of ozone; however, this indicates that short
term exposure to ozone levels slightly higher than normally encountered in Denmark does not increase
bronchial reactivity in pollen-sensitised individuals.

Previous studies have shown inconsistent results [5, 6, 9–12], and it has been suggested that there is no
lower limit for the effects of ozone on the respiratory system [13]. If true, those effects might not be an
acute response as investigated in this study, but due to more prolonged exposures.

In Denmark, an important source of O3 is the transport of air masses from southern Europe [14]. The
potential effects of simultaneous co-exposure to pollen and O3 may therefore be higher in central or
southern Europe where ozone concentrations are generally higher.

Any combination of the timing of exposure to pollen and ozone could increase the effect, and high levels
of ozone may be of relevance to pollen-sensitised individuals before, during or after pollen allergen
exposure. Exposure to ozone prior to allergen may induce an increased acute or late phase reaction [9]
induced by inflammation and mucosal irritation, facilitating an increased reactivity to pollen [5, 9].
Exposure to high levels of allergen could also induce inflammation, rendering the airways more susceptible
to a later ozone exposure.
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FIGURE 1 Modelled dose–response relationships for a) birch and b) grass with 95% confidence intervals. FEV1: forced expiratory volume in 1 s;
SQ-U: standardised quality units. Vertical lines indicate combined modelled provocative dose of allergen causing a 20% drop in FEV1 estimates.
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The modelled PD20 clearly showed individual differences in the response. However, it appears that there is
an overall typical pattern of response, similar for both birch and grass pollen, and similar with and
without co-exposure to ozone. The curves are robust until reaching PD20 levels, and to our knowledge, we
are the first to show that log dose–response curves for grass and birch allergen have a similar response
pattern independent of ozone exposure. Of note, we did not see a difference between reactions to grass
and birch allergens. This is in contrast to previous findings in children where exposure to grass, but not to
birch pollen, was associated to declining lung function [15]. However, these findings could be related to
the longer exposure for ambient grass pollen compared to birch, whereas we applied identical exposures
for the two allergens.

In conclusion, we found no difference in bronchoconstriction measured as modelled dose–response
profiles and modelled PD20 between solely allergen exposure and co-exposure to allergen and natural levels
of ozone. We demonstrate that a non-linear four-parameter logistic model provides a good fit to the
measured data, allowing for calculation of PD20 based on all points on the dose–response curve.
Participants in this study were only exposed for a short time to low levels of ozone. Still, our results
indicate that brief exposure to ozone at levels normally encountered in Denmark does not increase
bronchial reactivity in pollen-sensitised individuals.
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