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ARTICLE INFO ABSTRACT

Background: Allergic rhinitis is an inflammatory disease that causes cellular influx and mediator release in
the nose. These inflammatory changes might be used as nasal biomarkers to assess the efficacy of novel anti-
allergic treatments.
Objective: To assess the specificity and reproducibility of nasal biomarkers in patients with allergic rhinitis
after grass pollen exposure in an allergen challenge chamber.
Methods: In a monocenter pilot study, 15 patients with allergic rhinitis and 19 healthy individuals under-
went two 4-hour Dactylis glomerate pollen challenges in the challenge chamber with an interval of 21 days.
Before challenge, on exit, and after 2 and 22 hours, a nasal lavage was performed and nasal secretions were
collected on filter paper to determine a wide panel of cells and mediators. Furthermore, total nasal symptom
score, nasal flow, and nasal nitric oxide were measured.
Results: Pollen exposure significantly increased eosinophil, interleukin (IL) 5, IL-6, IL-13, and macrophage
inflammatory protein 18 levels in allergic patients but not in healthy individuals. The effect could be
reproduced for eosinophils, IL-5, IL-6, and macrophage inflammatory protein 14 after the second allergen
challenge. By contrast, the IL-13 levels were higher and eotaxin levels first increased after repetitive allergen
challenge. There was no correlation between total nasal symptom score and elevated cell or cytokine levels.
Nasal nitric oxide levels were nonspecifically elevated in both patients with allergy and healthy controls.
Conclusion: A subset of cellular and soluble biomarkers in nasal lavage and secretion reveals specificity and
reproducibility in patients with allergic rhinitis. These can be used to measure the immunologic efficacy of
antiallergic treatments in an allergen challenge chamber. Carryover effects attributable to priming must be
considered when designing cross-over studies.
Trial Registration: clinicaltrials.gov Identifier: NCT00297843.
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Introduction Many authors have found that cytokine levels (eg, interleukin
[IL] 4, granulocyte-macrophage colony-stimulating factor [GM-
CSF], and IL-5) and the total nasal symptom score (TNSS) increase
in nasal secretions after antigen provocation in patients with
allergic rhinitis.>* Others have found an increase in eosinophils, IL-
106, IL-4, IL-5, IL-6, IL-13, granulocyte colony-stimulating factor
(G-CSF), GM-CSF, eotaxin, RANTES (regulated on activation, normal
T cell expressed and secreted), monocyte chemoattractant protein
(MCP) 1, and macrophage inflammatory protein (MIP) 1« after
allergen challenge or natural in-season exposure in the nasal lavage

Allergic rhinitis is an inflammatory disease that causes an influx
of inflammatory cells and the release of mediators, such as cyto-
kines, chemokines, and growth factors, into the nasal mucosa and
nasal secretions.> Changes in the level of these cells and mediators
might be used as biomarkers to assess the efficacy of novel anti-
allergic treatments.
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of patients with allergic rhinitis."? Local biomarkers have only more
recently been examined with increased interest,” and only limited
information is available on the specificity of nasal biomarkers from
studies with rhinitic and healthy participants.® Furthermore, only a
few studies have investigated the reproducibility of these changes.?
Moreover, the allergen provocations were performed using allergen
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extracts or allergen extract—soaked discs at doses expected to
result in a relevant TNSS response (ie, a setting that does not reflect
the exposure under natural conditions). Therefore, only limited
data are available to date that demonstrate the specificity and
reproducibility of nasal biomarkers after allergen provocation un-
der more natural conditions in patients with allergic rhinitis.

The aim of our study was to determine the specificity and
reproducibility of nasal biomarkers after pollen provocation in an
allergen challenge chamber (ACC). The ACC is a well-established
method to expose allergic participants to defined, stable airborne
concentrations of pollen under defined conditions that mimic the
natural exposure situation outside in a meadow on a summer
day.”~ In our study, the grass pollen atmosphere is created by
using a validated pollen generation apparatus. The chamber is
ventilated with high-efficiency particulate air—filtered air, and the
air flow through the chamber is 1,500 m>/h. The pollen concen-
tration in the chamber is continuously measured via a laser particle
counter and discontinuously by taking 2 samples (1 sample after
half of the challenge duration and 1 sample after the challenge is
completed) on a pollen sampler and counting the pollens under the
microscope.’” To also assess reproducibility, we challenged study
participants with seasonal allergic rhinitis and healthy control
participants in a 2-part repeated-measurement design in the
Fraunhofer ACC and determined changes in nasal symptoms, nasal
flow, cells in nasal lavage, 27 different mediators in nasal secretions,
and nasal nitric oxide.

Methods
Study Participants and Study Design

This was a single-center pilot study that was conducted in a 2-
part repeated-measurement design to also assess reproducibility.
Fifteen participants with allergic rhinitis and 19 healthy partici-
pants (Table 1) underwent two 4-hour exposures to Dactylis
glomerata grass pollen (4,000 pollen/m?; Biopol Laboratory Inc,
Spokane, Washington) in the Fraunhofer ACC in the months of
March and April (ie, before the local grass pollen season). A
concentration of 4,000 grains/m> is equivalent to the concentra-
tion of grass pollen in a meadow on a summer day in Hannover,
Germany (Badorrek et al, unpublished data, 2004). Another
research group found that a similar mean (SD) concentration of
3,500 (500) grains/m> is an optimal concentration to produce
symptoms similar to those experienced in the outdoor environ-
ment.'” The concentration of pollen in the ACC is closely moni-
tored and stable over the complete duration of the challenges.’”
The interval between the 2 challenges was 21 days. Inclusion
criteria were smoking or nonsmoking with a history of less than
10 pack-years and forced expiratory volume in 1 second greater
than 80% predicted. For patients with allergic rhinitis, inclusion
criteria were a known history of intermittent allergic rhinitis
attributable to grass pollen confirmed by a positive skin prick test

Table 1
Characteristics of the Study Participants
Characteristic Total Patients with Healthy
participants allergic rhinitis participants
Sex, No. (%)
Male 17 (50) 7 (21) 10 (29)
Female 17 (50) 8 (24) 9(27)
Age,y
Mean (SD) 28 (5) 29 (5) 28 (4)
Range 22-40 22-40 22-29
Body weight, kg
Mean (SD) 76 (13) 75 (15) 77 (12)
Range 52—-113 53—-113 52-94

result to Dactylis glomerata within 12 months of enrollment if the
skin efflorescence was at least 3 mm in diameter, TNSS of at least
6 during a 4-hour screening exposure in the ACC, and asymp-
tomatic or with mild symptoms (TNSS <3 and a score <2 for each
individual symptom) at the time of inclusion and before each
allergen challenge. For nonallergic individuals, inclusion criteria
were no history of allergic rhinitis and a negative skin prick test
result to 15 major aeroallergens, including grass, rye, birch, hazel,
house dust mite, Alternaria, cat, and dog. Exclusion criteria were
structural nasal defect, nasal polyps, infection of the upper air-
ways within 4 weeks of study entry, sinusitis, asthma (except
mild intermittent asthma using @,-agonists only), pregnancy,
breastfeeding, current immunotherapy, known hypersensitivity,
and participation in another clinical trial within 30 days of study
enrollment. Washout periods for drugs before screening were 4
weeks for inhaled and 8 weeks for oral, intravenous, or dermal
steroids and 1 week for cromolyn, antihistamines, or any other
antirhinitis or hay fever medication.

Before study participation, each participant gave written
informed consent after having been informed orally and in writing.
The consent obtained from the participants also included consent
for publication and reporting data of the participants. The study
was approved by the ethics committee of the Medical School of
Hannover and performed in accordance with both the Declaration
of Helsinki (Somerset West Amendment, 1996) and the ICH
Guideline on Good Clinical Practice (Note for Guidance on Good
Clinical Practice, January 17, 1997).

Assessment of TNSS

Nasal symptoms (obstruction, rhinorrhea, sneezing, and itching)
were self-assessed before, every 30 minutes throughout the chal-
lenge in the ACC, and 2 and 22 hours after allergen exposure. For
each symptom, the participant recorded scores on diary sheets
according to the following 4-point severity scale: 0 indicating none;
1, mild; 2, moderate; and 3, severe (see Table 2 for the severity
scales of the 4 domains of nasal congestion or obstruction, rhi-
norrhea, nasal itching, and sneezing). The TNSS was calculated by
adding the scores of the 4 individual nasal symptoms. The last 5

Table 2
Severity Scales of the 4 Study Domains
Domain Score Definition
Nasal congestion or 0 None
obstruction
1 Mild (slight congestion, intermittent, easily
tolerated)
2 Moderate (continuous congestion that is
bothersome but tolerable)
3 Severe (nose completely blocked, hard to breath
through the nose)
Rhinorrhea 0 None
1 Mild (intermittent rhinorrhea, easily tolerated)
2 Moderate (continuous rhinorrhea that is
bothersome but tolerable)
3 Severe (continuous rhinorrhea that is hard to
tolerate)
Nasal itching 0 None
1 Mild (intermittent itching, easily tolerated)
2 Moderate (continuous itch that is bothersome
but tolerable)
3 Severe (continuous itch requiring rubbing and
that is hard to tolerate)
Sneezing 0 None
1 Mild (intermittent sneezing, easily tolerated)
2 Moderate (occasional sneezing that is
bothersome but tolerable)
3 Severe (frequent sneezing that is hard to

tolerate)
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Figure 1. Mean total nasal symptom score (TNSS) of the last 5 measurements during challenge in healthy participants and patients with allergic rhinitis on challenge day 1
(left) and challenge day 2 (right). The data are displayed in a box-and-whiskers graph. The box extends from the 25th percentile to the 75th percentile, with a line at the
median. The whiskers extend to the highest and lowest value. Asterisk indicates a significant (P < .001) difference between healthy participants and patients with allergic
rhinitis.
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Figure 2. Nasal flow measured by rhinomanometry in healthy participants (left) and patients with allergic rhinitis (right) for challenge day 1 (top) and challenge day 2
(bottom). The data are displayed in a box-and-whiskers graph (see legend for Fig 1). Asterisk indicates a significant decrease (P < .05) compared with baseline (before).
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Figure 3. Relative percentage of eosinophils in healthy participants (left) and patients with allergic rhinitis (right) for challenge day 1 (top) and challenge day 2 (bottom). The
data are displayed in a box-and-whiskers graph (see legend for Fig 1). Asterisk indicates a significant increase (P < .05) compared with baseline (before). Reproduced with

permission from Krug et al'? (copyright 2012 Wiley).

assessments during the 4-hour challenge were used to determine
the mean TNSS.

Rhinomanometry

The nasal flow rate was measured using rhinomanometry
(Viasys Healthcare, Hochberg, Germany) before allergen exposure,
on exit from the ACC, and 2 and 22 hours after challenge. An active
anterior measuring technique using a face mask was applied.
Inspiratory flow rates at 150 Pa were obtained separately for the
right and left nostrils, and the sum of the flow rates of both nostrils
was then calculated.

Nasal Lavage and Collection of Nasal Secretion

Nasal lavages were conducted before allergen exposure, on exit
from the ACC, and 2 and 22 hours after the challenge. The nasal
lavages were performed with prewarmed, sterile, physiologic saline
solution on the participants’ left nostril using a syringe. A nasal
olive was attached to the prefilled syringe and placed into the nasal
opening to prevent leakage of lavage fluid. The participants were
seated in a forward flexed neck position to prevent fluid from
reaching the nasopharynx. Before the challenge, both nostrils were
rinsed with 6 mL of saline, and the resulting fluids were discarded.
For lavages, 6 mL of saline solution was flushed back and forth 10
times into the nasal cavity during a 1-minute period. The fluid was

centrifuged (10 minutes, 400g, 4°C) and the cells collected for
further analysis.

To collect nasal secretions, 2 strips of filter paper (Whatman
No. 42; Whatman Paper Ltd, Maidstone, United Kingdom) were
placed into the right nostril on either side of the nasal cavity
before the lavages (modified method described in the article by
Alam et al'") and left in the nostril for 2 minutes to absorb nasal
secretions. To assess the amount of nasal secretion, the strips
were weighed before and after this procedure. To elute the sol-
uble molecules, the filter paper was incubated in 500 uL of
elution buffer (phosphate-buffered saline + 1% bovine serum
albumin + 0.05% Tween-20 + 0.05% sodium acid) under gentle
agitation on a roller for 15 minutes at room temperature. Sub-
sequently, the filter was centrifuged (10 minutes, 400g, 4°C), and
75-uL aliquots were stored at —80°C until measurement.

Determination of Cells and Cytokines

Cell count was determined in a Neubauer hemocytometer.
Cytospin slides were produced from cell suspensions and stained
with Diff-Quik stain (Dade-Behring, Deerfield, Illinois), differ-
entiated by counting 400 leukocytes on the cytospin. Further-
more, the concentrations of 27 mediators (IL-2, IL-4, IL-5, IL-6,
IL-7, IL-8, IL-9, IL-10, IL-12, IL-13, IL-15, IL-17, eotaxin, IL-1
receptor antagonist [IL-1ra], IL-18, RANTES, MCP-1, MIP-1q,
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Figure 4. Interleukin (IL) 5 (A), IL-6 (B), and macrophage inflammatory protein
(MIP) 18 (C) levels in healthy participants (left) and patients with allergic rhinitis
(right) for challenge day 1 (top) and day 2 (bottom). Cytokines were measured in
nasal secretion of patients with allergic rhinitis and healthy participants at the times

MIP-1, platelet-derived growth factor [PDGF], inducible protein
([P]-10, fibroblast growth factor [FGF], GM-CSF, GCSF, tumor
necrosis factor [TNF]-¢, interferon [IFN]-y, and vascular endo-
thelia growth factor [VEGF]) were determined simultaneously
with a multiplex assay kit (Lincoplex, Linco Research Inc, St
Charles, Missouri) containing premixed antibody-coated micro-
sphere beads using a Luminex100 (Luminex Corporation, Her-
cules, California) according to the manufacturer’s
recommendations. The detection limits for the cytokine assays
were IL-6, MIP-14: 0.14 pg/mL; IL-4, IL-2: 0.13 pg/mL; IL-8, IFN-v,
IL-9, PDGF, RANTES: 0.17 pg/mL; IL-10, IL-5, IL-7: 0.26 pg/mL;
GM-CSF: 0.11 pg/mL; TNF-a: 0.54 pg/mL; IL-16: 0.23 pg/mL; IL-
12, IL-17: 0.27 pg/mL; IL-13: 0.07 pg/mL; G-CSF: 0.28 pg/mL;
MCP-1, VEGF: 0.20 pg/mL; IL-1ra: 0.24 pg/mL; IL-15: 0.22 pg/mL;
eotaxin: 0.08 pg/mL; FGF: 0.16 pg/mL; and MIP-1«: 0.12 pg/mL.

Nasal Nitric Oxide

Nasal nitric oxide was measured with a stationary,
chemiluminescence-based nitric oxide analyzer (Niox apparatus)
according to the manufacturer’s instructions before the challenge,
on exit from the ACC, and 2 and 22 hours after allergen exposure.
Nasal nitric oxide was recorded 3 times per nostril, and every
measurement was assessed for acceptance. Measurements were
accepted when there was a logistic growth of the curve with
a stable plateau. The mean plateau of acceptable curves was
reported.

Statistical Analysis

Comparisons of variables before and after challenge were per-
formed separately for each group and challenge day by applying the
paired t test. The unpaired t test was used to compare the groups
with respect to their mean changes (A) from before to after chal-
lenge time points. If necessary, variables were logyo transformed
before analysis to yield normal distributions. To check for repro-
ducibility and to control the multiple « error at 5 %, a linear mixed
model analysis of variance was applied with the A values of each
parameter as dependent variable and group, challenge day, time
point, and group by challenge day interaction as fixed effects and
the intercept of each participant as a random effect.

In a secondary analysis, the correlation between TNSS and a
subset of cells and cytokines that in the primary analysis were
found to be specific for patients with allergic rhinitis was calculated
using the Spearman correlation coefficient. The sample size in this
pilot study was not calculated a priori but decided on by feasibility.

Results
Safety and Analysis Set

Fifteen participants with intermittent allergic rhinitis and 19
healthy participants (Table 1) were exposed to grass pollen for 4
hours in the Fraunhofer ACC on 2 different days. Two participants
discontinued participation before the end of the study because of
adverse events, an upper respiratory tract infection in 1 participant
and symptoms of a common cold in 1 participant. None of the
participants had serious adverse events. The data from the
intention-to-treat group (including data from the first challenge of
the 2 participants who discontinued the study) were included in
the analysis.

shown in the graphs. The data are displayed in a box-and-whiskers graph (see
legend for Fig 1). Asterisk indicates a significant (P < .05) increase and dagger in-
dicates a significant (P < .05) decrease compared with baseline (before).
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Figure 5. Interleukin (IL) 13 (A) and eotaxin (B) were measured in nasal secre-
tion—soaked filter papers of patients with allergic rhinitis and healthy participants
at the times shown in the graphs. The data are displayed in a box-and-whiskers
graph (see legend for Fig 1). Asterisk indicates a significant (P < .05) increase in
patients with allergic rhinitis.

TNSS and Nasal Flow

The TNSS increased in patients with allergic rhinitis but not in
healthy participants (P < .001) (Fig 1). Correspondingly, nasal flow
reproducibly decreased in patients with allergic rhinitis on both
challenge days but not in healthy participants (P < .05) (Fig 2). For
both parameters, there was excellent reproducibility and no dif-
ference between the 2 challenge days (P > .10).

Increased Eosinophil Cell Count in Patients With Allergic Rhinitis

Eosinophils, neutrophils, lymphocytes, and monocytes or mac-
rophages were determined in the nasal lavage of patients with
allergic rhinitis and healthy participants. Figure 3 shows a

significant increase in the relative number of eosinophils at all as-
sessments after pollen exposure in patients with allergic rhinitis
compared with baseline values on both challenge days. No differ-
ence was seen between the 2 days (P = .10). The absolute number of
eosinophils was increased significantly both directly after and 2
hours after the challenge on both challenge days, with no difference
between the 2 challenge days (P = .19). There was no difference in
the number of cells before or after challenge in healthy participants
on both challenge days. The cell counts of the other cells measured
(neutrophils, lymphocytes, and monocytes or macrophages) did
not change after pollen exposure in the 2 groups (ie, patients with
allergic rhinitis and healthy participants) when comparing chal-
lenge day 1 and challenge day 2.

Increased IL-5, IL-6, MIP-1(, IL-13, and Eotaxin Levels in Patients
With Allergic Rhinitis

In secretion from filter papers, IL-5 (Fig 4A), IL-6 (Fig 4B), and
MIP-18 (Fig 4C) levels were significantly increased after pollen
exposure in patients with allergic rhinitis on both challenge days
but not in healthy participants. In the case of IL-5, this difference
was still present at 22 hours after challenge, unlike IL-6 and MIP-10,
for which the effect was no longer observed 22 hours after expo-
sure. A significant difference between both days was not observed
for IL-5, IL-6, or MIP-16 (P = .32, P = .43, and P = .54, respectively).
Healthy participants had significantly decreased MIP-1( levels after
pollen exposure (P < .05) (Fig 4C).

The levels of IL-13 in the allergic rhinitis group were signifi-
cantly increased after pollen challenge on both days (Fig 5A)
compared with baseline, whereas they did not increase in healthy
participants. For eotaxin, this was true for the second challenge day
(Fig 5B). In contrast to IL-5, IL-6, and MIP-1, the levels of IL-13 and
eotaxin were higher on the second challenge day compared with
the first (P = .006 and P = .03, respectively). The remaining cyto-
kines that were tested (IL-2, IL-4, IL-7, IL-8, IL-9, IL-10, IL-12, IL-15,
IL-17, IL-1ra, IL-8, RANTES, MCP-1, MIP-1«, PDGF, IP10, FGF, GM-CSF,
G-CSF, TNF-qa, IFN-y, and VEGF) did not increase after allergen
challenge in both groups.

Correlation Between Nasal Biomarkers and TNSS

The correlation between TNSS and relative eosinophils, absolute
eosinophils, IL-5, IL-6, IL-13, and MIP-13 was determined for all 3
relevant time points (on exit from ACC, 2 hours after ACC, and 22
hours after ACC) in both periods. No correlation could be observed
for relative eosinophils, absolute eosinophils, IL-5, IL-6, and IL-13
(P > .05). MIP-1f revealed a significant negative correlation for
the time points 2 hours after challenge in period 1 and on exit from
the ACC in period 2 (P <.05). For all other time points, there was no
correlation between MIP-18 and TNSS (P > .05).

Increased Nasal Nitric Oxide in Patients With Allergic Rhinitis and
Controls

In participants with allergic rhinitis, nasal nitric oxide signifi-
cantly and reproducibly decreased directly after pollen exposure
(Fig 6) and increased 22 hours after the challenge. However, in
healthy participants, nitric oxide levels increased directly (first
challenge day) and also at 22 hours after the challenge (second
challenge day).

Discussion

The aim of this pilot study was to investigate the specificity and
reproducibility of nasal biomarkers in patients with seasonal
allergic rhinitis and healthy control participants after 2 separate
controlled grass pollen exposures in an ACC. Nasal lavages were
used to determine cellular changes, whereas the filter paper
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Figure 6. Nasal nitric oxide measurements in healthy participants (left) and patients with allergic rhinitis (right) for challenge day 1 (top) and challenge day 2 (bottom). The
data are displayed in a box-and-whiskers graph (see legend for Fig 1). Asterisk indicates a significant increase (P < .05) and dagger indicates a significant decrease (P < .05)

compared with baseline (before).

method was used to collect nasal secretions, which are less diluted.
This method enabled the detection of protein signals that are below
the detection limits of nasal lavages."> Furthermore, nasal nitric
oxide was determined together with clinical assessments. All par-
ticipants tolerated the procedures well on both challenge days.

Eosinophils were the only leukocytes to specifically increase in
nasal lavages from allergic participants on both challenge days.
Furthermore, cytokine levels of IL-5, IL-6, IL-13, and MIP-1§ spe-
cifically increased in allergic participants. These cytokines are
specific for the allergic and proinflammatory reactions that occur in
the participants after challenge. Thiele et al'* also described a
specific increase in eosinophils after nasal allergen challenges in
participants with allergic rhinitis compared with healthy controls.
An increase of IL-16, IL-5, MIP-14, and IL-13 was observed by Leaker
et al'” in patients with allergic rhinitis after nasal allergen challenge
by means of a grass pollen nasal spray without information
regarding healthy control participants. Kénig et al' found elevated
levels of MCP-1, MIP-18, IL-5, eotaxin, MIP-1«, RANTES, and IL-17
and decreased levels of IFN-v, IL-12, and IL-10 in participants
with seasonal allergic rhinitis, whereas values of GM-CSF, G-CSF,
IL-16, and IL-6 did not differ from the healthy controls. Interest-
ingly, reduced levels of IL-13 were observed in participants with
seasonal allergic rhinitis; however, methodologic reasons, such as
omission of a prior nasal allergen challenge in a number of par-
ticipants, could not be ruled out.

Regarding reproducibility, we found a reproducible increase for
eosinophils, IL-5, IL-6, and MIP-13, whereas levels for IL-13 were
higher on the repeated challenge. This was surprising for us
because we had assumed a 21-day washout period would be suf-
ficient to prevent any carryover effects. Thiele et al® also found a
reproducible upregulation of IL-5, IL-6, IL-13, MCP-1, and MIP-18 on
2 nasal allergen challenge tests performed at an interval of 21 days,
with the cytokine levels appearing slightly lower for the second
nasal allergen challenge test. Eotaxin was specifically elevated only
after the second challenge in our study, whereas Konig et al'
observed this increase already after a single challenge. These data
suggest that for some cytokines, a repetitive allergen stimulation,
or so-called priming, is necessary to increase their level. Moreover,
it is most likely that the local nasal allergen concentration plays a
major role because the grass pollen nasal spray used in the study of
Leaker et al'> may have released more allergen compared with the
situation in the ACC. Given this lack in reproducibility and the
carryover effect for some cytokines in repetitive challenges,
the washout period between 2 challenges must be carefully
selected in crossover study designs.

Unlike other studies,? our study did not find a correlation be-
tween nasal symptoms (TNSSs) and cells and cytokines that in-
crease specifically in patients with allergic rhinitis. From our
results, we conclude that nasal biomarker assessments cannot be
used to estimate nasal symptoms. This is especially important
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when nasal biomarkers are used to test the efficacy of novel anti-
allergic treatments because a therapeutic decrease in nasal bio-
markers does not necessarily lead to a decrease of nasal symptoms.

Our data on nasal nitric oxide confirms own previous findings'®
and other reports'”'® that nasal nitric oxide is a poor outcome
measure for the differentiation between allergic patients and
healthy individuals, whereas others regard nitric oxide as a useful
surrogate marker of rhinitis.'*?° Nasal nitric oxide increased in both
populations 22 hours after challenge. However, we observed a
specific and reproducible decrease in nasal nitric oxide directly after
the allergen challenge in patients with allergic rhinitis, whereas this
was not observed in healthy participants. This effect has been
previously described*?! and is probably attributable to the swelling
of the nasal mucosa that hampers the release of nitric oxide from
the paranasal sinuses.”” After a period of 22 hours, when the nose is
no longer congested, the increase in nitric oxide is measurable.

In conclusion, a subset of cellular and soluble biomarkers in
nasal lavage and secretion, but not in nasal nitric oxide, has spec-
ificity and reproducibility in patients with allergic rhinitis. These
factors can be used as immunologic biomarkers to determine
immunologic efficacy of antiallergic treatments. However, it is
unclear how an immunologic effect correlates with effects related
to nasal symptoms. Carryover effects attributable to priming must
be considered when designing crossover studies with allergen
challenge chambers.
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