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Abstract
Objective: Seasonal allergic rhinitis (SAR) is a common disease of childhood and is charac-
terized by type 2 inflammation, bothersome symptoms, and impaired quality of life (QoL). 
Intranasal corticosteroids are effective medications in managing SAR. In addition, mometa-
sone furoate nasal spray (MFNS) is a well-known therapeutic option. However, the literature 
provided no data about the effects of MFNS in European children with SAR. Thus, this study 
addressed this unmet requirement.
Methods: MFNS was compared to isotonic saline. Both treatments were prescribed: one drop 
of spray per nostril, twice a day, for 3 weeks. Nasal cytology, total symptom score (TSS), 
visual analogic scale concerning the parental perception of severity of symptoms, and the 
Pediatric Rhinoconjunctivitis Quality of Life Questionnaire (PRQLQ) were assessed at baseline, 
after 7 and 21 days, and 1 month after discontinuation. 
Results: MFNS significantly reduced eosinophil and mast cell counts, improved QoL, and 
relieved symptoms, as assessed by doctors and perceived by parents. These effects persisted 
over time, even after discontinuation. Both treatments were safe and well-tolerated.
Conclusions: The present study documented that a 3-week MFNS treatment was able to signifi-
cantly dampen type 2 inflammation, improve QoL, and reduce severity of symptoms in Italian 
children with SAR, and was safe.
© 2022 Codon Publications. Published by Codon Publications. 
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20/06/2019). The study was registered at clinicaltrials.gov 
(NCT05301647).

Children were randomly (ratio 1:1) subdivided into two 
groups: the active group was treated with MFNS (mometa-
sone group) and the control group was treated with iso-
tonic saline. For both groups, the schedule was instilling 
one drop of spray into each nostril (MFNS 50 mcg/spray), 
bid, for 21 days.

The participants were evaluated at baseline (T0), after 
7 (T1) and 21 (T2) days, and at 30 days (T3) after discontin-
uation of treatment. 

During the study, systemic or intranasal antihistamines, 
other corticosteroids, leukotriene antagonists, and sodium 
cromoglicate were prohibited. 

The primary endpoint of this study was the change in 
eosinophilic infiltrate, assessed by nasal cytology, after 
the treatment. The secondary objectives were the nasal 
mast cell and neutrophil count, severity of symptoms, and 
changes in QoL during the study.

Nasal cytology is a well-defined methodology.15 The pro-
cedure included sampling, processing, and microscope read-
ing. Sampling required collecting cells from the surface of  
the middle portion of the inferior turbinate by a sterile 
disposable curette. The procedure was performed under 
anterior rhinoscopy, with an appropriate light source, and 
it was painless. The sample obtained was immediately 
smeared on a glass slide, air-dried, and stained with May-
Grünwald-Giemsa (MGG) for 30 min. Next, the stained 
sample was read under optical microscopy, with a 1000× 
objective with oil immersion. Slide reading was conducted 
blindly by an experienced cytologist, thus ensuring meth-
odological correctness. The count of eosinophils, neutro-
phils, and mast cells was expressed as a mean value of  
10 microscopic fields. 

The validated Pediatric Rhinoconjunctivitis Quality of 
Life Questionnaire (PRQLQ) had 23 questions in five domains 
(nasal symptoms, ocular symptoms, practical issues, limita-
tion of activities, and other symptoms) that were answered 
on a 7-point (0–6) scale, where 0 represents the absence 
of problems, and 6 the greatest symptom of distress.16 
Children will complete the questionnaire together with a 
parent at baseline and during the study. A total score was 
calculated as a mean of five domains.

Total symptom score was the sum of the following 
three domains: (i) nasal symptoms (TNSS), included itching, 
sneezing, rhinorrhea, nasal congestion; (ii) ocular symptoms 
(TOSS): itching, hyperemia of the conjunctiva, tearing; and 
(iii) throat symptoms (TTSS): itching, coughing.17 With the 
help of their parents, patients scored severity of symp-
toms on a 4-point scale: 0 = absent or irrelevant, 1 = mild,  
2 = moderate, and 3 = severe. Total symptom score was 
assessed at 12 h (TTS 12h) and 2 weeks (TTS 2W) before 
the visits. TSS represents the doctor’s point of view of 
severity of symptoms.

A visual analogic scale (VAS) measured the parental per-
ception of severity of symptoms (0 = no symptom; 10 = very  
severe symptoms).

Safety was assessed as the incidence of adverse events 
for each treatment and physical examination.

Compliance was measured by counting the amount of 
sprays performed, as reported in a clinical diary.

Statistical analysis included different tests. Shapiro–Wilk 
test was performed to investigate distribution of continuous 

Introduction

Allergic rhinitis (AR) is a prevalent medical condition of 
childhood, as it may affect up to 30% of children world-
wide.1 AR entails a type 2-driven inflammation, includ-
ing eosinophilic and mast cell infiltration of the nasal 
mucosa.2 Type 2 inflammation sustains the appearance 
of symptoms; typical AR symptoms are itching, sneez-
ing, watery rhinorrhoea, lacrimation, and congestion.3 
Therefore, inflammation represents the target of thera-
peutical intervention.3 Moreover, children usually experi-
ence annoying symptoms so that their quality of life (QoL) 
is significantly altered.4 

Conventionally, two main AR phenotypes exist, sea-
sonal AR (SAR) and perennial AR (PAR), based on duration 
of symptoms and causal allergen. SAR recognizes pollen 
exposure as causal agent. SAR notably impairs nasal func-
tion and has bulky comorbidity.5,6

The management of SAR essentially includes intranasal 
corticosteroids and oral antihistamines.1 However, intrana-
sal corticosteroids are more effective than antihistamines 
in controlling inflammatory events.7 

In this regard, mometasone furoate nasal spray (MFNS) 
is currently one of the most used intranasal corticoste-
roids for patients with allergic rhinitis.8,9 There is consider-
able evidence that MFNS is effective and safe in managing 
patients with SAR.10,11 In addition, MFNS significantly reduces 
allergic inflammation consequent to allergen exposure.12 As 
a result, MFNS represents a valuable option for treating 
children with SAR.13 However, main clinical studies were 
performed in SAR children living in the United States. Thus, 
the clinical characteristics of these patients are different 
from that of the local ones. Therefore, the current study 
was designed to comprehensively evaluate impact of MFNS 
on nasal inflammation, symptoms, and QoL in a group of 
Italian children with SAR.

Materials and Methods

The present study recruited children suffering from SAR 
during the pollen season. They had a poor control of 
SAR despite antihistaminic treatment (cetirizine 2.5 mg,  
twice a day (bid), in preschoolers, or 5 mg, bid, in 
schoolers). Diagnosis of SAR was performed according 
to the validated criteria.14 Allergy was defined if his-
tory of nasal symptoms was consistent with documented 
sensitization.

Inclusion criteria were: age range 4–12 years, SAR diag-
nosis, total symptoms score (TSS) ≥ 6, and written informed 
consent of parents or legal guardians. Exclusion criteria 
were: perennial AR, rhinitis because of other reasons, 
concomitant acute or chronic rhinosinusitis, nasal polyps, 
asthma comorbidity, current use of topical or systemic cor-
ticosteroids, antihistamines, antileukotrienes, inadequate 
washout of them, nasal anatomic defect, respiratory infec-
tions in preceding 2 weeks, participation in other clinical 
studies in the previous month, documented hypersensitiv-
ity to the study product or its excipients, and trip planned 
outside the study area.

The study was conducted at a third-level pediatrics 
department located in Southern Italy. The study procedure 
was approved by the local Ethics Committee (Prt No. 408, 
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Intergroup analysis

Nasal cytology

In the active group, eosinophils significantly diminished at 
T2 (P < 0.0001) compared to the control group, as shown in 
Figure 2A. However, the difference was not significant at T3.  
Consistently, mast cells significantly diminished at T2  
(P = 0.03) in the active group compared to the control 

variables. Differences between active and control groups 
were tested with Mann–Whitney U test for independent sam-
ples. Longitudinal changes for continuous variables were 
investigated by the Wilcoxon signed-rank test for paired sam-
ples. Delta changes in questionnaire scores were calculated 
for each group as T1–T0 scores for the control group, and 
T2–T0 scores and T3–T0 scores for the mometasone group. 
Differences in delta changes between groups were investi-
gated by Mann–Whitney U test. Chi-square test and Fisher’s 
exact test were performed for differences in categorical 
variables. P ≤ 0.05 was considered statistically significant. 
Data were expressed as median (interquartile range) or per-
centage, as appropriate. All analyses were performed with 
SAS® on Demand for Academics (SAS Institute Inc., Cary, NC)

Results

In all, 84 children were assessed for eligibility, 80 were ran-
domized, but 76 (40 boys and 36 girls, mean age 11.4 ± 3.3  
years) completed the study, and were analyzed. Four 
children in the control group were excluded as they dis-
continued the treatment because they were unsatisfied 
with the treatment. Therefore, the active group included  
43 children and the control group had 33 children (Figure 1).  
The analysis was performed on the per-protocol population.

The compliance was good, as the proportion was85%.
The cellular patterns, QoL scores, and severity of 

symptoms were superimposable in the two groups at base-
line (Table 1).

Table 1  Demographics and clinical characteristics at 
baseline.

Control group
N = 33

Active group
N = 43

P

Age (years) 11.2 ± 3.1 11.6 ± 3.5 0.81

Gender
  Male
  Female

18
15

22
21

0.89

QoL score 13.0 (10.0–15.0) 15.0 (13.0–19.0) 0.09

Total VAS 4.0 (2.5–5.0) 4.0 (4.0–5.0) 0.07

Eosinophils (n) 3 (0–10) 0 (0–7) 0.10

Neutrophils (n) 0 (0–10) 5 (0–0) 0.27

Mast cells (n) 0 (0–2) 0 (0–0) 0.53

QoL: quality of life; VAS: visual analogic scale.

Assessed for eligibility (n = 84)

Excluded  (n = 4)
 Not meeting inclusion criteria (n = 2)
 Declined to participate (n = 2)

Analyzed (n = 43)

Allocated to intervention (n = 43)
 Received allocated intervention (n = 43)

Discontinued intervention (for inefficacy) (n = 4)

Allocated to intervention (n = 37)
 Received allocated intervention (n = 37)

Analyzed (n = 33) 

Allocation 

Analysis 

Follow-up 

Randomized (n = 80)

Enrolment 

Active group Control group

Discontinued intervention (n = 0)

Figure 1  CONSORT 2010 flow diagram.
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group, as shown in Figure 2B. However, the neutrophil 
count did not change during the treatment (P = 0.4).

Quality of life

The QoL score significantly changed in the active group 
compared to the control group at T2 and T3 (P < 0.0001 for 
both), as shown in Figures 3A and B.

Severity of symptoms

Severity of symptoms, measured by TSS, concerning the 
previous 2 weeks (TSS 2W) significantly diminished in  
the active group compared to the control group at T2  
and T3 (P = 0.02 and 0.03, respectively), as shown in 
Figures 4A and B.

Consistently, the parental perception of severity of 
symptoms, measured by VAS, significantly diminished in the 
active group compared to the control group at T2 and T3 
(P = 0.02 and 0.008, respectively), as shown in Figures 5A 
and B. However, there was no difference between groups 
for TSS 12h.

Intra-group analysis in the active group

Nasal cytology

The longitudinal analysis demonstrated that there was a 
significant reduction of eosinophils between T0 and T1  
(P = 0.0004); this reduction persisted between T1 and 

Figure 2  (A) Eosinophil count at T1 in mometasone and 
placebo groups. (B) Mast cell count at T1 in mometasone and 
placebo groups.

Figure 4  (A) Delta changes in TSS 2W after 21 days of 
treatment in mometasone and placebo groups. (B) Delta 
changes in TSS 2W 30 days after treatment in mometasone and 
placebo groups.

(A)

(A)

(B)

(B)

Figure 3  (A) Delta changes in QoL scores after 21 days of 
treatment in mometasone and placebo groups. (B) Delta 
changes in QoL scores 30 days after treatment in mometasone 
and placebo groups.

(A)

(B)



Mometasone furoate nasal spray in Italian children with seasonal allergic rhinitis� 65

Figure 5  (A) Delta changes in VAS after 21 days of treatment 
in mometasone and placebo groups. (B) Delta changes in VAS 
30 days after treatment in mometasone and placebo groups.

Figure 6  (A) Eosinophil count over time in the mometasone 
group. (B) Mast cell count over time in the mometasone group.

T2 (P = 0.55), but eosinophil count increased at T3 in 
comparison with T2 (P = 0.003); the eosinophil count 
at T3, however, remained lower than T0 (P = 0.007), 
as reported in Figure 6A. Consistently, mast cells count 
provided similar outcomes: they significantly diminished 
at T1 (P = 0.004), then there were no more changes at  
the subsequent visits, but the difference between 
T0 and T3 remained significant (P = 0.01), as shown in  
Figure 6B.

Quality of life

The QoL score significantly diminished at T1 (P < 0.0001), 
then there was no difference over time, but reduction in 
QoL score was significant at T3 compared to T0, as shown 
in Figure 7A.

Severity of symptoms

The parental perception of severity of symptoms assessed 
by VAS significantly diminished at T1 (P = 0.04), but there 
was no difference on other visits, as shown in Figure 7B.

Total symptom score in the previous 2 weeks (TTS 2W) 
significantly diminished at T1 (P = 0.004) and T2 in compar-
ison to T1 (P = 0.04), and between T0 and T3 (P < 0.02), 
as shown in Figure 8A. Consistently, TTS 12h significantly 
diminished at T1 (P = 0.0006), and between T2 and T1 
(P=00.04); there was no difference between T2 and T3, 
but there was a significant difference between T3 and T0  
(P = 0.002), as shown in Figure 8B.

Both treatments were well-tolerated, and no clinically 
relevant adverse event was reported. 

(A) (A)

(B)

(B)

Figure 7  (A) QoL scores over time in the mometasone group. 
(B) VAS scores over time in the mometasone group.

(A)

(B)
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Discussion

Seasonal allergic rhinitis has clinical relevance as the symptoms 
are usually severe; SAR also has a negative impact on QoL, and 
type 2 inflammation is intense during pollen exposure.

The present study demonstrated that a 3-week course 
of MFNS significantly dampened type 2 inflammation, 
improved QoL, and relieved symptoms. Notably, there was 
consistency between the doctor’s and parents’ assess-
ment of severity of symptoms. This finding underscores 
the reliability of parental perception of children’s clinical 
features. More interestingly, improvement in the primary 
outcome, such as eosinophilic inflammation, and secondary 
outcomes, including mast cells, severity of symptoms, and 
QoL, persisted even after discontinuation. This finding is 
clinically relevant as it confirms the prolonged activity of 
MFNS as observed in previous studies.10,11 In addition, this 
study was consistent with an earlier study that underlined 
the better effectiveness provided by intranasal corticoste-
roids in comparison to saline lavage.18

The present study adds novelty as it was been conducted 
in Europe. In particular, the center was located in southern 
Italy, a geographical area characterized by high pollen expo-
sure and prolonged pollen season. In addition, the present 
study investigated cytological parameters, such as eosino-
phil count. The vast majority of studies essentially consider 
clinical parameters. In contrast, having cytological param-
eters also allows for more complete information about the 
mechanism of action of corticosteroids. In fact, intranasal 

corticosteroids act eminently on the inflammatory compo-
nent of allergic reaction. In particular, they significantly 
reduce eosinophilic infiltrate. This aspect represents the 
peculiarity of this study. Moreover, the European population, 
in particular the one evaluated in this study, that is, popula-
tion of the Mediterranean basin, presents clinical and patho-
physiological differences. In fact, it is known that every 
single pollen presents biological specificities compared to 
others, which result in a different clinical, functional, and 
cytological picture.19 The distribution of various pollen fam-
ilies in fact varies considerably according to geographical, 
meteorological, and climatic characteristics.20 Therefore, 
the results obtained allow to expand knowledge on the effi-
cacy of the corticosteroid molecule tested. It would also be 
interesting to further this area of research by comparing 
other corticosteroid molecules with regard to anti-inflamma-
tory activity on cytological pattern.

The present study has limitations, including the sin-
gle-center and open design study, the restricted number of 
enrolled children, and the lack of sample size calculation 
and mediators’ assessment. On the other hand, this study 
simultaneously assessed nasal inflammation, QoL, and 
severity of symptoms, as measured by doctors and parents.

Conclusion

The present study documented that a 3-week MFNS treat-
ment could significantly diminish type 2 inflammation, 
improve QoL, and reduce severity of symptoms in Italian 
children with SAR, and was safe.
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