
Background: Efficacy of topical nasal steroid therapy for aller-
gic rhinitis is usually evaluated by patient and clinician assess-
ments of subjective symptom changes in diaries and at clinical
interviews.
Objective: We sought to complement the subjective measures
with objective measures of nasal cytology, biochemistry, and
function.
Methods: In this double-blind, randomized study patients with
seasonal allergic rhinitis (SAR) 12 years of age or older received
200 µg mometasone furoate nasal spray (n = 80) or placebo
spray (n = 41) once daily for 2 weeks. Subjective assessments by
clinician and patient comprised symptom/sign scores and overall
therapeutic response evaluations. Objective measures included
nasal cytology, nasal biochemistry, nasal airway resistance
(NAR), mucociliary clearance, and olfactory functions.
Results: Mometasone furoate produced a significantly greater
decrease than placebo in subjective measures of SAR for total
symptom score (–46% vs –30%, p < 0.05), total nasal score
(–47% vs –30%, p < 0.024), individual nasal symptom scores,
and overall therapeutic response. The objective measures of
eosinophil, basophil, and neutrophil counts and mucociliary
clearance were significantly better in mometasone furoate– than
in placebo-treated patients. Similarly, within-treatment statisti-
cally significant improvements were produced by mometasone
furoate but not by placebo sprays for levels of eosinophilic
cationic protein, tryptase and albumin, NAR, and odor identifi-
cation. Significant positive correlations were found between NAR
and nasal stuffiness and between eosinophils, basophils, and neu-
trophils and both eosinophilic cationic protein and albumin.
Conclusion: Subjective measures of SAR were significantly
improved in the mometasone furoate group by comparison with
placebo-treated patients. Objective assessments supported the
subjective findings because within-treatment measures were fre-
quently significantly improved after mometasone furoate treat-
ment but not after placebo treatment. (J Allergy Clin Immunol
1998;102:39-49.)
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Seasonal allergic rhinitis (SAR) is a major cause of
morbidity in the United States.1,2 The disease is caused by
an IgE-mediated reaction and is characterized by a con-
stellation of nasal symptoms, namely congestion, rhinor-
rhea, itching and sneezing often accompanied by nonnasal
symptoms, such as tearing, redness, and itching of the
eyes, and itching of the ears, palate, or both. The effects of
therapy on SAR have been evaluated mainly by subjective
assessment of improvement in symptoms and signs, and
numerous studies have demonstrated the efficacy of
intranasal topical glucocorticoids in decreasing the subjec-
tive measures of allergic rhinitis.3-5 Objective measures
have also shown that topical glucocorticoids are effective
in normalizing the nasal cytogram6,7 and in decreasing
mediator release and cytokine immunoreactivity.7-9

The complex mechanisms involved in the pathogenesis
of allergic rhinitis,10,11 and the effects of therapeutic inter-
vention, have been investigated primarily by laboratory
challenges with either a nonspecific agent or with an aller-
gen to which the person is sensitized.12,13 Challenge stud-
ies have been crucial in identifying and measuring many
aspects of the allergic reaction. However, a laboratory
challenge with a single agent does not replicate the con-
tinuing and varying exposure to multiple allergens that
occurs when a person with allergies has symptoms under
natural conditions. There is therefore a need for studies in
the clinical setting that make use of multiple objective
measures, as well as the customary subjective measures, in
patients with SAR before and after treatment.

Mometasone furoate is a new glucocorticoid with high
topical activity and low systemic absorption when
administered intranasally.14 It has been shown to be
effective for control and prophylaxis of SAR symptoms
and for control of symptoms of perennial allergic rhini-
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tis.15-19 A dose-ranging study of mometasone nasal spray
for SAR indicated that the optimum dose for symptom
control was 200 µg once daily.20 In some patients symp-
tom relief within 12 hours of the first dose has been
reported.15 We report here the results of treatment of
patients with symptoms of SAR with topical mometa-
sone furoate nasal spray evaluated by both subjective
measures of symptom relief and objective measures of
nasal cytology, nasal biochemistry, nasal airway resis-
tance (NAR), mucociliary clearance, and olfactory
functions.

METHODS

Patients aged 12 to 65 years or older with a history of SAR for 2
or more years were eligible for this single-center, double-blind, ran-
domized, parallel-group, placebo-controlled study. The study was
conducted April through August during the tree, grass, and weed
pollen seasons in Southern California. Pollen counts showed aver-
age levels during this period, which were sufficiently high to cause
symptoms in patients with SAR. Patients were required to be symp-
tomatic at the time of the trial and to have had a positive skin test
response to the relevant allergens within the previous 14 months.
Patients had no significant medical condition or nasal abnormality
that would interfere with the study. Medications known to affect
allergy symptoms were discontinued as appropriate. This study was
approved by an institutional review board.

At a screening visit, an informed consent, a medical and allergy
history, a physical examination, and a mucosal sample for nasal
cytology were obtained. A diary was given for patients to record
nasal symptoms and signs (congestion, rhinorrhea, itching, and
sneezing) and nonnasal symptoms and signs (itching or burning
eyes, tearing, eye redness, and itching of ears/palate) twice a day.
Symptoms/signs were scored on a scale (0 = none, 1 = mild, 2 =
moderate, and 3 = severe, with 0.5, 1.5 and 2.5 for symptoms of
intermediate severity) for 7 days before entry to the study (baseline
period). A total nasal symptom/sign score of 5 or greater (of the
possible total of 12) on 8 or more of the 14 diary time points before
the baseline visit and at least a 1+ nasal cytology score for
eosinophils, basophils, or both were required as inclusion criteria.

At the baseline visit, the physician scored nasal and nonnasal
symptoms and signs for the previous 24 hours; these scores consti-
tuted clinician-assessed baseline scores. Patient diary scores for
morning and evening symptoms averaged over the previous 7 days
constituted the patient-assessed baselines. Eligible patients were
randomized to treatment with two sprays in each nostril each morn-
ing of either 50 µg/spray mometasone furoate aqueous nasal spray
or placebo for 14 days. The study was designed so that twice as
many patients were randomized to active treatment as to the place-
bo group. Before treatment was started, baseline objective tests of
nasal function (other than nasal cytology samples obtained at the
screening visit) were performed as described below.

Patients returned to the research center on day 8 and day 15 of
the double-blind treatment period after the morning dose for physi-
cian evaluation and diary review. Clinician scores were based on
symptoms in the 24 hours before each visit and signs, which were
evaluated at each visit. Patient scores were based on prespray morn-
ing and evening diary scores for the previous 7 days (week 1 and
week 2). The overall therapeutic response was rated as complete or
major control, moderate or mild control, or no response by physi-
cian and patient. Adverse events were recorded. On day 15, objec-
tive tests, including nasal cytology, were repeated.

Nasal cytology

A nasal mucosal sample was obtained from the patient’s most
patent nostril at the screening visit and on day 15 by using a dis-
posable plastic curette (Rhino-probe; Arlington Scientific Inc.,
Arlington, Tex.), and the sample was processed as previously
described.21

Nasal lavage and biochemistry

The nasal lavage (NL) technique previously described was used
to collect nasal secretions.12 In contrast to nasal challenge studies,
only the first lavage specimen was collected at the baseline and day
15 visits for the biochemical analyses. All assays were performed in
duplicate; baseline and day 15 samples from each patient were
assayed concurrently. Eosinophilic cationic protein (ECP) levels in
the NL fluid was determined by radioimmunoassay (Pharmacia
Diagnostics AB, Uppsala, Sweden). If duplicate samples had a coef-
ficient of variation (CV) of 15% or greater, the assay was repeated.
Tryptase concentration in the NL was measured with the tryptase
RIACT assay (Pharmacia Diagnostics AB, Uppsala, Sweden). If
duplicate samples had a CV of 10% or greater, the assay was repeat-
ed. Histamine content of NL fluid samples was measured by
radioimmunoassay (Immunotech, Marseille, France). The intraas-
say CV ranged from 4.1% to 8.9% depending on the concentration
of histamine in the sample. Albumin concentration in NL fluid was
measured by an ELISA procedure, (DAKO Corporation, Carpinte-
ria, Calif.) similar to that previously described.13

Nasal airway resistance

Nasal patency was measured with a new computerized rhino-
manometric system (RHINO; MultiSPIRO, San Clemente, Calif.).
The method used an anterior, active, and uninasal technique through
a mask and a pressure patch (RhinoPatch; Rhino Diagnostics, Inc.,
San Diego, Calif.) to measure intranasal pressure and flow simulta-
neously. The pressure and flow signals were digitized and analyzed
to calculate airflow in liters per second for right and left nostrils, as
well as total flow. Resistance was also calculated at –1.5 cm of
water pressure for the individual nostrils and combined to give total
NAR in centimeters of H2O per liter per second. A RhinoPatch, with
its tubing, was first attached to one of the nostrils, and the loose end
of the tubing was inserted through a small hole on the face mask.
The oxygen-type face mask, with its inflatable border, was placed
over the nose and mouth and pressed to secure an airtight connec-
tion. A flow-sensing device (pneumotachometer) was attached to
the mask, and a pressure transducer was connected to the pressure
line. The patient was instructed to breathe normally three or four
times while the pressure and flow measures were recorded and ana-
lyzed by the computer. This maneuver was repeated five consecu-
tive times; the resistance values of the highest and lowest values
were discarded, and the log-transformed mean of the remaining
three values was used for analysis. Total nasal airway resistance
(TNAR) was calculated with the following formula:

TNAR = (RNAR × LNAR)/(RNAR + LNAR)

Mucociliary clearance

The saccharin transport time (STT) is used to measure objec-
tively the interaction between ciliary beating and removal of mucus
secretion from the nose. The saccharin test previously described22

was modified to minimize any possible irritation to the mucosal tis-
sue. We devised a 1-inch long, 20-gauge needle bent at 60° 3/8 of
an inch from the tip and placed a 2-inch, 20-gauge flexible Teflon
catheter over the barrel. By using a vacuum pump (Vacuum Pick-
up; Grobet File Co. of America, Inc., Carlstadt, N.J.) under visual



J ALLERGY CLIN IMMUNOL
VOLUME 102, NUMBER 1

Meltzer et al. 41

inspection, a small particle of saccharin (1.0 to 1.5 mm) was applied
to the superior surface of the inferior turbinate approximately 0.5
cm past its most anterior portion by release of the vacuum holding
the particle in place at the catheter tip. The subject was instructed to
swallow once every 30 seconds while sitting quietly and to refrain
from sniffing, sneezing, or snorting. The time that it took for the
subject to sense the bitter-sweet taste was recorded.

Olfaction

Olfactory evaluation followed the procedure of the Connecti-
cut Chemosensory Clinical Research Center.23 It entailed deter-
mination of both the odor threshold to 1-butanol and of the iden-
tification of everyday items by smell. Each of these two nasal
functions was evaluated for one nostril at a time, with scores
combined across nostrils.

Statistical methods

Statistical analyses were performed with SAS version 6.11
(SAS Institute, Cary, N.C.). The study design called for at least 99
evaluable patients, 66 in the active treatment group and 33 in the
placebo group. The sample size was based on the total nasal symp-
tom/sign score criterion for eligibility. Assuming a standard devi-
ation of 2.5 and a significance level of 0.05 in a two-sided test, the
planned sample size provided at least 80% power to detect a dif-
ference in score of 0.5 between treatment groups in the change
from baseline of total nasal symptom/sign score. For continuous
demographic and disease variables, comparability of treatment
groups was assessed with a two-sample t test, and Fisher’s exact
test was used to assess comparability of treatment groups for cat-
egorical variables. For normally distributed data, a two-sample or
paired t test was used. For distribution differences between treat-
ment groups, the Mantel-Haenszel test was used. For nonnormal-
ly distributed data, the Wilcoxon rank sum test was used for

between-treatment analyses, and the one-sample Wilcoxon test
was used for within-treatment analyses.

RESULTS

A total of 128 patients aged 12 to 65 years were
enrolled at one study center and were randomized to
receive 200 µg mometasone furoate nasal spray (n = 85)
or placebo (n = 43) once a day. Seven patients were not
eligible for efficacy analyses, and 121 patients satisfacto-
rily completed the 2-week treatment period (mometasone
furoate, n = 80; placebo, n = 41 ). There were no statisti-
cally significant differences in demographic and disease
characteristics (total symptom, total nasal symptom, and
separate symptom scores) between the treatment groups
at baseline.

The mean total SAR symptom/sign scores assessed by
the clinician at baseline, day 8, and day 15 and by
patients for baseline week, week 1, and week 2 for
mometasone furoate and placebo groups are shown in
Fig. 1. Reductions in mean total scores were noted for
both treatment groups at both postrandomization visits
by the clinician and by patients. The mometasone furoate
group had a significantly greater decrease in scores by
comparison with the placebo group on day 15 as assessed
by the clinician (–47% vs –30%, p = 0.049), but the
decrease was not significant on day 8. By comparison,
patients’ mean total morning score assessments were sig-
nificantly reduced for both week 1 and week 2 in the
mometasone furoate group by comparison with the
placebo group (week 1: –26% vs –11%, p = 0.02; week

FIG. 1. Total SAR symptom/sign score (mean ± SEM). Sum of separate nasal and nonnasal scores, with cli-
nician and patient assessments for morning and evening. *p < 0.05, mometasone furoate versus placebo.
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2: –39% vs –24%, p = 0.029). Evening scores showed
improvements similar to the morning scores in both
treatment groups (week 1: –32% vs –19%, p = 0.038;
week 2: –40% vs –27%, p = 0.076). In both clinician and
patient assessments of total nasal symptom scores, the
mometasone furoate group had lower scores than the
placebo-treated group after baseline. Actual scores, per-
cent improvements, and p values are shown in Table I.

Clinician assessments of mean scores for the indi-
vidual nasal symptoms, stuffiness/obstruction, rhinor-
rhea, nasal itch, and sneezing at baseline, day 8, and
day 15, are presented in Fig. 2. There was a decrease
in mean scores from baseline in both treatment
groups; mean scores were consistently lower, and the
percent improvement consistently greater, in the
mometasone furoate group than in the placebo group
on both day 8 and day 15. Although no statistically
significant difference between treatment groups was
seen for nasal itch (day 15: –50% vs –38%, p = 0.211),
significant differences were demonstrated for stuffi-
ness (day 15: –39% vs –22%, p = 0.022), rhinorrhea
(day 8: –32% vs –22%, p = 0.037; day 15: –41% vs
–26%, p = 0.008), and sneezing (day 8: –48% vs
–26%, p = 0.018; day 15: –56% vs –39%, p = 0.003).
Patient-assessed mean scores for the separate nasal
symptoms for baseline, week 1, and week 2 were sim-
ilar and were somewhat lower than clinician assess-
ments (Fig. 2). For total and individual nonnasal mean
symptom scores, there were no statistically significant
differences between the mometasone furoate and
placebo groups at any visit in either the clinicians’ or
patients’ assessments.

Clinicians and patients also rated the overall thera-
peutic response to treatment by the amount of relief
obtained. The percent of patients in each category of
relief (patients’ assessments) with each treatment on
day 8 and day 15 are presented in Fig. 3. At both these
treatment time points, the mometasone furoate group
perceived their overall symptom relief to be of a sig-

nificantly greater magnitude (p < 0.01). On day 15,
44% of patients receiving mometasone furoate rated
relief as total or marked by comparison with 8% of
placebo patients (p < 0.001). Clinicians’ assessments
on day 15 were 41.3% versus 15.4% (p = 0.015).

Nasal cytology

All patients had eosinophils, basophils, or both pre-
sent in the nasal mucosal sample obtained at the screen-
ing visit as required for enrollment in the study. More
than 80% of patients also had neutrophils present. For
each cell type, the mean (SEM) and median number of
cells per 10 high-power fields (HPFs) at screening and
the mean and median and change in mean and median
number of cells on day 15 are presented in Table II. The
p value for differences between treatment groups and the
intragroup p values are also given. To summarize the
nasal cytology data changes in individual patients, the
percentage of patients with a decrease and the percent-
age with an increase in number of each cell type
between screening and day 15 samples are depicted in
Fig. 4.

Nasal mediators and albumin

NL recoveries were 7.4 ± 1 ml of the 10 ml of saline
instilled. The results of quantitation of nasal mediators
and albumin are summarized in Fig. 5. The quantity of
albumin is an indicator of vascular permeability. There
were no significant differences between the mometasone
furoate and placebo groups in ECP, tryptase, histamine,
or albumin at baseline or on day 15 (–67% vs –19%,
–17% vs –3%, 88% vs –44%, and –52% vs –38%,
respectively). However, within the mometasone furoate
group the changes were significant for ECP (p < 0.001),
tryptase (p = 0.025), and albumin (p < 0.001 ). No sig-
nificant changes were seen in nasal mediator levels or
albumin in the placebo group from baseline to day 15.

TABLE I. Clinician and patient assessment of total nasal symptoms and signs

Mometasone furoate (n = 80) Placebo (n = 41)

Visit Mean (SEM) Change Mean (SEM) Change P value*

Clinician assessment
Baseline 8.18 (0.19) 8.60 (0.32)
Day 8 5.32 (0.29) –2.86 (–35%) 6.53 (0.42) –2.07 (–24%) 0.299
Day 15 4.36 (0.29) –3.82 (–47%) 5.99 (0.40) –2.61 (–30%) 0.024

Patient assessment
Morning

Baseline 7.70 (0.18) 7.94 (0.30)
Week 1 5.66 (0.23) –2.04 (–26%) 6.67 (0.34) –1.27 (–16%) 0.047
Week 2 4.78 (0.28) –2.92 (–38%) 5.74 (0.40) –2.20 (–28%) 0.134

Evening
Baseline 7.32 (0.20) 7.68 (0.34)
Week 1 4.93 (0.26) –2.39 (–33%) 6.10 (0.34) –1.58 (–21%) 0.073
Week 2 4.38 (0.28) –2.94 (–40%) 5.49 (0.40) –2.19 (–29%) 0.144

*Two-sample t test comparing treatment means of mometasone furoate versus placebo.
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Nasal airway resistance

Nasal airway resistance (NAR) measures were found
to have a nonnormal distribution; there were no statisti-
cally significant differences between treatment groups at
baseline or on day 15. Within treatment groups, median
NAR was improved for mometasone furoate–treated
patients between baseline and day 15 for total NAR
(–16%, p < 0.001) and for the worst nostril (–36%, p <
0.001), with no significant change in the placebo group.

Mucociliary clearance

Mean STT increased in the mometasone furoate group
compared with no change in the placebo group (11.89 to
13.29 minutes vs. 9.85 to 9.21 minutes, p = 0.002). This
longer transit time is more normal and is consistent with
the greater decrease in the rhinorrhea symptom scores in
the mometasone group.

Olfactory functions

Of the seven odors tested, 80% to 85% of patients cor-
rectly identified 12 to 14 odors at baseline (sum of both
nostrils). On day 15, 91.3% of patients receiving
mometasone correctly identified 12 to 14 odors (p =
0.002) by comparison with an increase to 87.2% of
placebo patients (not significant). Measurement of the
threshold concentration at which the odor of 1-butanol
was detected was normal in 90% of patients at baseline
and showed no significant change on day 15 in either
treatment group.

Safety evaluations

Both treatment groups had a similar safety profile,
including local and systemic adverse events.

Correlations between parameters

Correlation coefficients were calculated between the
subjective measures of total nasal symptom score and the
separate nasal symptom scores for nasal stuffiness, rhin-
orrhea, nasal itching and sneezing, and objective mea-
sures on day 15. A positive correlation was found only
between total NAR and nasal stuffiness in the mometa-
sone furoate–treated patients (p = 0.034). A comparison
of nasal cytology cell counts and nasal mediator levels on
day 15 showed a positive correlation between ECP and
eosinophils and basophils (p < 0.001) and neutrophils (p
= 0.05) (rho = 0.45, 0.30, and 0.19, respectively) and
between albumin and eosinophils and basophils (p =
0.001) and neutrophils (p < 0.05) (rho = 0.40, 0.30, and
0.22, respectively.)

DISCUSSION

In previous studies topical nasal steroids have been
shown to decrease the nasal, and sometimes the ocular,
symptoms and signs of SAR. Symptoms and signs have
improved with all the topical steroids evaluated to date
whether the medication was delivered by means of an
aerosol propellant, as an aqueous nasal spray, or in a
powder formulation. To improve compliance, it has been
possible to institute once daily dosing without loss of

FIG. 2. Nasal symptom/sign score (mean) for each symptom on each visit, with clinician and patient evening
assessments. *p < 0.05; **p < 0.01, mometasone furoate versus placebo. B, Baseline.
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efficacy.3-7,24-31 In this double-blind, placebo-controlled
study a new topical glucocorticosteroid, mometasone
furoate aqueous nasal spray (200 µg once daily) was also
shown to significantly decrease the symptoms and signs
of SAR by comparison with placebo. Because the cus-
tomary assessments of therapeutic efficacy are very sub-
jective, we have scrutinized different aspects of the sub-
jective efficacy analyses and have also evaluated a num-
ber of objective measures in an attempt to determine
which are the most valuable.

In assessing efficacy of drugs in the clinical setting,
great importance is attached to the statistical significance
of differences between the response to active medications
versus response to placebo. The response to placebo is
present in all studies and is affected somewhat by the
study design. This is a well-recognized issue,32-34 but it
has not been fully characterized in relation to allergic
rhinitis. In this study all subjective assessments of nasal
and nonnasal symptoms and signs showed greater
improvement in mometasone furoate– than in placebo-
treated patients. For example, the mean total nasal symp-
toms score of mometasone-treated patients decreased by
approximately 47% from baseline to day 15 by compari-
son with a decrease of 30% for the same period in place-
bo patients. Estimates of medication and placebo
response calculated from reports of previous studies of

intranasal steroids show comparable responses.19,28-30

The differences in improvement between active medica-
tion and placebo may appear to be small, but in this study
many more patients reported total or marked relief on day
15 with mometasone furoate than with placebo, especial-
ly in the patient assessments (44% vs 8%, p < 0.001).

Several studies have shown that the greater number of
inflammatory cells present in nasal secretions and
mucosa during natural exposure to allergen35-38 are usu-
ally decreased by treatment with topical nasal glucocor-
ticoids.3-7,24,31 In this study, after intranasal mometasone
furoate, the median number of eosinophils in mucosal
samples decreased to zero cells per 10 HPFs, significant-
ly fewer than found in placebo patients. Absence of
eosinophils is such a consistent finding after topical
steroid treatment that compliance may be questioned in
patients purportedly using one of these agents if more
than rare eosinophils are found. In this study there was
also a smaller but statistically significant decrease in
eosinophils in the placebo patients. This latter finding is
unusual.

Basophilic cells are present in smaller numbers than
eosinophils in the nasal mucosal cytograms of allergic
patients and are detected in a smaller proportion of
patients.6 A decrease in basophilic cells is also usually
seen in patients receiving topical steroids, but the differ-

FIG. 3. Clinician and patient assessment of therapeutic response. Percent of patients in mometasone furoate
and placebo treatment groups with each rating of improvement on day 8 and day 15. *p < 0.05 mometa-
sone furoate versus placebo.
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ence between active and placebo groups was not statisti-
cally significant in some studies. In this study there was
a small increase in basophilic cells in the patients receiv-
ing mometasone furoate (not significant), and a large
increase was observed in placebo patients (p < 0.001).
The difference between treatments was significant (p =
0.008), which is consistent with the antiinflammatory
effect of topical corticosteroids in reducing the allergen-
triggered influx of both basophils and mast cells into the
airway.39

Neutrophils have been reported in 60% to 80% of
patients with SAR; approximately 50% to 70% of
patients have neutrophils present at the end of 2 to 4
weeks of treatment with a topical steroid.6 The difference
between active treatment and placebo and between the
percentages of patients with increases or decreases in
neutrophils has not generally been significant. In this
study there was a highly significant decrease in neu-
trophils within the mometasone furoate group (p <
0.001), and this decrease was significant by comparison
with placebo (p < 0.024).

The decrease in inflammatory cells after treatment
with topical corticosteroids has been shown in several
studies to be associated with a reduction in mediators,
such as ECP, tryptase, and histamine.40-44 Albumin, a
marker for increased plasma exudation during the
inflammatory process, has also been shown to decrease
as the rhinitis improves.45 In this study the levels of ECP,
tryptase, and albumin decreased significantly after 2
weeks of treatment with mometasone furoate, corrobo-
rating the findings of other studies of topical intranasal
steroids for the treatment of SAR. Histamine levels
increased in the mometasone furoate group, but the
increase was not statistically significant. In contrast, no
significant changes in these mediators or albumin levels
took place in the placebo group.

A good correlation was found between ECP levels in
lavage fluid and eosinophils in nasal scrapings. The lev-
els of ECP, however, did not correlate with symptom
scores in this study. Other investigators have also found a

lack of this correlation,46,47 indicating the complex inter-
action between mediators and the host. Individual differ-
ences in how the patients experience varying degrees of
severity confound the subjective measures.

Strong correlations have been reported between the
levels of histamine and the presence of basophilic cells.
However, this has been observed when the assays of his-
tamine levels have been made in the tissue sample in
which the cell count was performed.44,48 Comparing lev-
els of mediators in secretions with the presence of cells
in the superficial mucosa (as was the methodology in this
study) or in the submucosa, as with biopsy samples, may
not yield a strong relationship. The three compartments
(the submucosa, epithelial mucosal layer, and secre-
tions), although interconnected and related, may have
different events happening concurrently. In this study the
mean number of basophilic cells in the nasal mucosal
scrapings did not correlate significantly with the levels of
histamine in the NL fluid. Although there was an
increase in the median number of basophilic cells in both
treatment groups, which was statistically significant in
the placebo group, there was no statistically significant
change in histamine levels in either group.

Histamine levels in NL fluid have been found to
decrease after treatment with topical steroids.49 Howev-
er, most studies have used a challenge model, in which
several lavages are performed to establish a low, stable
baseline of mediators, including histamine. The antigen
challenge then produces only an attenuated histamine
release.12 Several other studies have reported wide varia-
tions of histamine levels, primarily in the quantity in the
first NL fluid.50 Our study measured the level of hista-
mine in the first and only wash at baseline and on day 15
and represented the amount of histamine accumulated in
the secretions over a period of time. For this, and perhaps
other reasons, we did not detect a significant decrease in
histamine levels after 2 weeks of treatment with mometa-
sone furoate, although a challenge model may have been
able to show a significant decrease in the rate in which
histamine is released.51 It appears from the results of

TABLE II. Summary of nasal cytology data (cells per 10 HPFs)
Mometasone furoate (n = 78) Placebo (n = 39)

Visit Cell type Mean SEM Median Mean SEM Median p Value*

Screening Eosinophils 7.09 (1.87) 1.65 9.19 (2.35) 3.90
Day 15 Actual 1.06 (0.31) 0 7.83 (3.47) 1.20 <0.001

Change –6.17 –1.40 –0.47 –0.30
Intragroup p value† <0.001 0.034

Screening Basophils 4.39 (0.59) 2.15 3.29 (0.60) 1.80
Day 15 Actual 4.99 (0.71) 3.05 8.90 (1.26) 6.60 0.008

Change +0.64 0 +5.57 +3.20
Intragroup p value† 0.458 (NS) <0.001

Screening Neutrophils 14.76 (2.90) 2.95 20.65 (4.93) 4.70
Day 15 Actual 6.70 (2.28) 0.35 13.77 (4.38) 1.20 0.024

Change –7.15 –1.40 –5.33 –1.20
Intragroup p value† <0.001 0.117

NS, Not significant.
*Wilcoxon rank sum test comparing median counts of mometasone furoate versus Placebo.
†One-sample Wilcoxon test comparing median changes from screening.
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challenge and in vitro studies that topical steroids inhib-
it, but do not completely stop, the release of histamine by
metachromatic cells,52 wherever they may be located,
into the nasal secretions. The presence of histamine in
secretions may explain why some symptoms, such as
itching and sneezing, sometimes persist. A study com-
paring the effectiveness of an intranasal steroid and an
antihistamine found the latter more effective in control-
ling these symptoms, although the steroid was superior in
relieving the symptoms and signs of obstruction.53

Despite these findings, long-term treatment with topical
steroids usually has produced significant decreases in
histamine levels, although the effects reported after a
shorter time (e.g., 2 weeks of treatment) has varied.44,49

The measurement of histamine levels in nonchallenge
studies appears to be therefore less desirable as an objec-
tive measure.

Albumin levels in NL fluid from naturally exposed
patients with SAR are reported to be a useful marker for
changes in mucosal inflammation. In this study albumin
levels were found to be strongly correlated with the num-
bers of eosinophils, basophils, and neutrophils. Topical
steroids reduce the number of inflammatory cells, medi-
ators, and cytokines and restore the normal permeability
of the mucosal membrane, preventing further albumin-
containing exudate from reaching the nasal secretions.
The measurement of albumin in NL fluid is therefore a

good indicator of changes in the inflammatory process.
NAR decreased significantly in patients treated with

mometasone furoate for 2 weeks, with no significant
changes observed in the placebo group. Additionally, a
positive correlation between NAR and nasal stuffiness
score in patients (p < 0.05) was found. This corroborates
a previous report that the complaint of nasal obstruction,
but not other symptoms, correlated well with nasal resis-
tance measurements in patients with SAR during the
pollen season.31

The rate of mucus transport can be altered by changes
in ciliary beating frequency or by changes in the volume
and/or rheological properties of the mucus and serous
fluid surrounding the cilia, or by both. A modified sac-
charin test has been used as an objective measure of
mucociliary clearance.22,54 Although the mean transit
times vary considerably among investigators, it appears
that the transport rates in patients with symptoms of
allergic rhinitis uncomplicated by infection or sinusitis
are faster than rates in healthy control subjects. The mean
STT for healthy control subjects previously reported was
13.5 ± 1.32 (SEM) minutes.55 In this study at baseline,
mometasone-treated patients with active symptoms of
allergic rhinitis had a mean STT of 11.89 ± 0.81 (SEM),
whereas the placebo group had a mean STT of 9.85 ±
1.05 (not statistically significant). An improvement in
symptoms, particularly rhinorrhea, would be expected to

FIG. 4. Percent of patients with increase or decrease in eosinophils, basophils, and neutrophils among those
with evaluable paired pre- and posttreatment specimens. *p ≤ 0.05; **p ≤ 0.001, mometasone furoate ver-
sus placebo. †p ≤ 0.05 baseline to day 15 within treatment.
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increase STT toward the normal time. On day 15, the
mometasone-treated group had a mean STT of 13.29 ±
0.73, and the placebo group had a mean STT of 9.21 ±
1.09 (p = 0.002). Thus mucociliary clearance, as mea-
sured by STT, improved significantly in the group of
patients treated with mometasone furoate for 2 weeks,
whereas the placebo-treated group remained essentially
unchanged.

Previous investigators have concluded that allergic
rhinitis is a major etiologic factor contributing to
smell disorders on the basis of finding a significantly
higher olfactory threshold in allergic patients com-
pared with control subjects.56,57 In this study a deter-
mination of the odor threshold for butanol and an odor
identification test were used to measure changes in
olfaction in this allergic rhinitis population. The great
majority of patients were found to have normal olfac-
tion at baseline according to these tests. Therefore it
was difficult to detect any further improvement in
smell function by the odor threshold test, and no sig-
nificant changes were detected in either treatment
group. However, the odor identification test, the more
sensitive of the two tests, showed a small but statisti-
cally significant improvement in the mometasone
furoate group comparing baseline values to those at
day 15. The placebo group experienced no significant
changes.

The difference in the olfactory test results in this
study from those of previous studies could be account-
ed for by differences in the population studied. Many
patients in other studies had a diagnosis of sinusitis on
the basis of physical findings, imaging results, or
both.57 Many also had nasal polyps. In one study a sig-
nificant improvement in olfactory function was found
in seven of 17 patients treated with intranasal budes-
onide, and changes in nasal patency were positively
correlated with olfactory function.53 Olfactory func-
tion in allergic patients seems to be impaired only
when the degree of obstruction is severe enough to
prevent airflow from reaching the olfactory cells. Oth-
erwise, a moist vascular and swollen mucosa appears
to have beneficial effects on olfaction.58 Another study
demonstrated that a pronounced allergic reaction is
necessary to impair olfactory threshold. In that chal-
lenge model, changes in olfactory threshold correlated
with increased secretion rather than with decreased
objective nasal patency measurements.59 More recent-
ly, decreased olfactory function was reported in
patients with SAR in season; a better correlation was
found with levels of ECP in nasal secretion than with
nasal volume flow changes as measured by acoustic
rhinometry.60 This study demonstrated that the major-
ity of patients with SAR and without other nasal prob-
lems had a normal sense of smell. It also demonstrat-
ed that those patients with hyposmia could derive ben-
efit from the use of an intranasal steroid for 2 weeks.
Patients with severe hyposmia or anosmia may require
longer duration of treatment to detect significant
improvement in the sense of smell. The test is simple

to perform and noninvasive, with the only drawback
that it is time consuming to administer.

The goals of this study were to evaluate various subjec-
tive and objective assessments of nasal disease and to see
if they changed with topical mometasone furoate treat-
ment. The study demonstrated that each of these parame-
ters contributed valuable additional information because
no single parameter or specific limited panel of measures
fully characterized an individual or group of patients with
allergic rhinitis or the effect of therapy on them. Overall,
this study clearly showed that mometasone furoate nasal
spray (200 µg/day) is an effective treatment for SAR.

FIG. 5. Concentration (mean ± SEM) of ECP, tryptase, histamine,
and albumin in NL fluid at baseline and day 15. *p ≤ 0.05, **p ≤
0.001 within treatment, baseline to day 15.
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