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Role of FeNO in assessing nasal eosinophilic inflammation
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Abstract. The problems/objectives: We aimed to evaluate the relationship between blood/nasal eosinophilia and fractional
exhaled nitric oxide (FeNO) in patients with allergic rhinitis (AR) and whether FeNO analysis is useful for AR diagnosis.
The methodology. In 28 patients with rhinitis symptoms (19 men and 9 women, ages 20 to 56 years), we performed
allergy tests (skin-prick test/multiple allergo-sorbent tests). Participants were classified based on these results into the
AR group (n=15) and non-AR (NAR) group (n=13). We measured serum eosinophil count and performed a swab for
measuring nasal eosinophilia and the FeNO test in all patients.

Results: The AR group had statistically significantly higher FeNO values than the NAR group (54.6+5.7 versus 24.5+1.8
ppb; p<0.0001). Linear regression analysis showed a statistically significant correlation between FeNO and serum
eosinophil counts (R>=0.33, p=0.0013) and between FeNO and nasal eosinophil counts (R*=0.26, p=0.005). Receiver
operating characteristic curve analysis gave an area under the curve of 0.983. When we set the diagnostic value of FeNO
at 33.5 ppb or higher, sensitivity and specificity were 93.8% and 92.3%, respectively

Conclusions: FeNO could be a useful tool in assessing the degree of eosinophilic inflammation in patients with allergic

rhinitis.

Introduction

Measuring the fractional concentration of exhaled
nitric oxide (Fe[NO]) is one way to evaluate the
severity of Th2 inflammation in the lower airway.'
American Thoracic Society guidelines recommend
use of FeNO in the diagnosis of eosinophilic airway
inflammation.>* Because Th2 inflammation in the
upper airway is a cause of allergic rhinitis (AR),
AR is closely related to allergic asthma, according
to the ‘unified upper airway hypothesis’.**GA(2
Thus, patients with AR could show higher FeNO
than healthy individuals or patients non-AR
(NAR). Although some groups have evaluated the
usefulness of FeNO in AR patients,® the number of
studies is limited and the utility of FeNO remains
unclear. In addition, to the best of our knowledge,
no studies have examined the association of FeNO
with AR persistence and severity.

FeNO in particular reflects the degree of
eosinophilic inflammation of the lower airway,” so
we can also hypothesize that tissue eosinophilia will
correlate with FeNO levels in the serum or target
organ (the nose). Previous studies have uncovered
an association of FeNO with sputum eosinophilia,®
but no studies to date have assessed a possible
correlation of nasal eosinophilia with FeNO. FeNO
levels in allergic asthma are informative if they
have cut-off values greater than 50 ppb,’ but reports
are lacking on use of FeNO in the diagnostic criteria
for AR.

Here, we aimed to compare changes in FeNO
levels between patients with AR and NAR and
analyze correlations of FeNO levels with serum
eosinophil count and with nasal eosinophilia. Using
receiver operating characteristic (ROC) curve
analysis, we also evaluated whether FeNO values
can inform an AR diagnosis.
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Table 1
Inclusion and exclusion criteria for patients

Inclusion criteria

e Having had typical symptoms of rhinitis for more than one year
Exclusion criteria

e Use of antihistamines or intranasal/systemic corticosteroid within a week
Presence of unstable systemic diseases (including cardiovascular and pulmonary)
Pregnancy or lactation
History of nasal surgery within 3 months (such as endoscopic sinus surgery and septoplasty)
Presence of a chronic nasal pathological condition such as chronic rhinosinusitis and nasal
polyposis (confirmed by rigid endoscopy/paranasal radiography)
Current or past smoking
Presence of clinically diagnosed asthma

Table 2
Participant demographic data
‘ AR group (n=15) ‘ NAR group (n=13) ‘ P

Demographic variables

Sex ratio (male:female) 11:4 8:5 0.689

Age (years) 22.0+0.7 35.14£3.8 0.006
ARIA classification

Intermittent:Persistent 2:13 6:7 0.055

Mild:Moderate—severe 1:14 3:10 0.311
Laboratory findings

Serum eosinophil count (/pl) 392.0+68.9 154.6+34.8 <0.001

Nasal eosinophil (%) 9.6+6.4 2.7+1.9 NS

Materials and methods
Participants

A total of 28 patients were enrolled (19 men, 9
women, ages 20 to 56 years; mean age [+standard
deviation], 28.1x11.5 years), all of whom visited
the ear, nose, and throat department in our hospital.
For inclusion, they had to have had symptoms of
rhinitis (runny nose, stuffy nose, sneezing, postnasal
drip) for at least one year. The details for inclusion
and exclusion criteria are summarized in Table 1.
We performed only a medical chart review for each
patient, and no treatment was administered for this
study. We received prior approval for the conduct
of this study from the Institutional Review Board
Committee on Studies Involving Human Beings.
Patients with a history of asthma were excluded.
In addition, patients diagnosed with asthma by
pulmonary function or methacholine challenge tests
(or similar) were also excluded. For FeNO values
>50, we recommended that a respiratory physician
treat the patient first. Six of the AR patients were
referred to the pulmonary specialist for further
testing, but none of the NAR patients were tested
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further. None of the patients who received further
evaluation, such as pulmonary function tests, were
confirmed to have asthma.

Allergy tests

We performed skin-prick tests (SPT) and multiple
allergo-sorbent tests (MAST) in all patients for
>40 antigens, including house dust mites, tree or
weed pollen, fungi, pets (cat, dog, or rodent dander,
feathers), and cockroaches.

We defined AR as a typical clinical manifestation
in which the SPT and/or MAST results for the
suspected allergen were strongly positive (for SPT,
wheal or erythema size larger than that of positive
control or histamine; for MAST, > 3+), and the
nasal symptoms worsened when exposed to the
corresponding antigen. We also classified patients
who did not respond positively to any antigen in
SPT or MAST as having NAR. Based on the results
of SPT and/or MAST, 15 patients were allocated to
the AR group and 13 patients to the NAR group. The
demographic data for the groups are summarized in
Table 2.
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Nasal eosinophilia and FeNO

Measurement of eosinophil count in serum and
nasal secretions

We collected 2-3 ml of blood from each participant
in an EDTA (ethylenediaminetetraacetic acid)-
coated tube. We used the ADVIA 21201 Hematology
System (Siemens Healthcare GmbH, Erlangen,
Germany) to obtain a complete blood count and
serum eosinophil count.

To collect samples for nasal cytology, we
performed a swab with cotton in both nostrils of
each patient, as described previously.'”’container-
title”:”’Clinical and Experimental Allergy: Journal
of the British Society for Allergy and Clinical Im
munology”,”source”:”PubMed”,”abstract”:”The
BSACI guideline for the diagnosis and management
of allergic and non-allergic rhinitis represents a
precise and accurate document in defining the
different sub-groups of patients suffering from
allergic rhinitis (AR We first dilated the nostril
using a nasal speculum and then rubbed the middle
part of the inferior turbinate with a swab to collect
nasal secretions. To transfer the nasal secretion, we
rubbed into onto a glass slide. After the slide was
dried and fixed at room temperature, we stained the
sample using the May-Grunwald Giemsa method.
Experienced examiners who were entirely blind to
the purpose of this study selected 10 microscopic
fields randomly and measured the number of
eosinophils under light microscopy.

Measurement of FeNO

For FeNO measurement, we followed the
recommendations of the European Rhinologic
Society and the American Thoracic Society.” We
measured FeNO in each patient using exhaled
breath by mouth and the NObreath® FeNO test
monitor (Bedfont® Scientific Ltd, Harrietsham,
UK). Each patient slowly exhaled breath by the
mouth with a disposable probe at the specified rate
for 12 seconds, and the FeNO monitor machine
calculated the fraction of NO in the exhaled breath.

Statistical analysis

We used Prism 5 (GraphPad Software, Inc., La
Jolla, CA, USA) and SPSS 25.0 (SPSS, Chicago,
IL, USA) for statistical analysis. We used the
Mann—Whitney test to compare FeNO values
between the AR and NAR groups. To assess the
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correlation between serum/nasal eosinophils and
FeNO values, we used linear regression analysis.
Finally, we applied ROC curve analysis to evaluate
the usefulness of FeNO as a diagnostic test for
AR, determining the sensitivity and specificity.
Data are presented as meantstandard error of the
mean (SEM), and p values of less than 0.05 were
considered as statistically significant.

Results

When we compared the FeNO values according
to the presence or absence of systemic allergy,
the AR group had statistically significantly higher
FeNO values than the NAR group (54.645.7
ppb versus 24.5+1.8 ppb, p<0.0001; Figure 1).
Serum eosinophil counts were higher in the
AR group than in the NAR group (392.0+68.9/
ul versus 154.6+34.8/ ul, p=0.0009). The same
pattern applied for nasal eosinophils but was not
statistically significant (9.6+£6.4% versus 2.7+1.9%,
p>0.05; Figure 2).
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Figure 1

Comparison of FeNo values between the AR and NAR groups.
The AR group had statistically significantly higher FeNO
values (54.6+5.7 ppb versus 24.5+1.8 ppb, p<0.0001). Mann-
Whitney U test.
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Figure 2

(A) The number of eosinophils in serum and (B) nasal secretions
was higher in the AR group than in the NAR group. Mann-
Whitney U test.
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Correlation between serum/nasal eosinophilia and FeNO. FeNO values
correlated significantly with serum eosinophil count (R?=0.33, p=0.0013)
and with nasal smear eosinophil count (R>=0.26, p=0.005).

Linear regression analysis showed a statistically
significant correlation between FeNO and serum
eosinophil counts (R>=0.33, p=0.0013). The results
also showed a correlation between FeNO and nasal
eosinophil counts (R*=0.26, p=0.005, Figure 3).

Using the typical symptoms of AR and strongly
positive results on SPT and/or MAST as the gold
standard for AR diagnosis, we sought to assess any
added value of FeNO measurements. ROC curve
analysis yielded an area under the curve (AUC) of
0.983. When we set the diagnostic value of FeNO
at 33.5 ppb or higher, the sensitivity and specificity
were 93.8% and 92.3%, respectively (Figure 4).
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Figure 4

Receiver operating characteristic curve analysis of the FeNO
test for the diagnosis of AR. The area under the curve was
0.983. When we set the diagnostic value of FeNO at 33.5
ppb or higher, the sensitivity and specificity were 93.8% and
92.3%, respectively.

Discussion

In this study, FeNO was significantly higher in the
AR versus the NAR group. These results reflect
previous findings. Kumar and colleagues, for
example, reported significantly higher FeNO levels
in an atopic versus non-atopic group (34.2+24.3
versus 11.9£9.0 ppb, respectively).® Kalpaklioglu
and colleagues also reported significantly higher
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FeNO levels in AR patients than in NAR patients."
The results of Kumar et al were somewhat lower
than our current findings, which can be explained
by several factors. First, the earlier study included
pediatric patients ages 8 years or older and had
relatively more women in the study group. The
average participant height was about 155 cm,
which is much lower than the average height in
Korea. Various factors can influence FeNO vaues,
including height, sex, and age. Therefore, when
analyzing these values, such differences should be
fully considered.

FeNO did not differ by AR severity and
persistence in this study (data not shown), which
is in line with previous findings, including a report
of no correlation between FeNO levels and nasal
symptoms or quality of life with rhinitis." FeNO
levels in that study also did not differ significantly
according to presence of asthma or other comor-
bidities in AR patients. Furthermore, studies
have shown higher nasal NO levels in patients
with intermittent AR compared to those with
persistent AR."? Although we did not find statistical
significance in the current work, FeNO tended to
be higher in the intermittent than in the persistent
group. Clearly, larger population-based studies are
needed to clarify this association.

To determine the number of enrolled patients
that would be needed for statistical significance,
we conducted a sample size calculation. The mean
value of FeNO in the ‘mild’ group, according to
the Allergic Rhinitis and its Impact on Asthma
classification, was 32.0, and the mean value in the
‘moderate—severe’ group was 43.9. The standard
deviation was 24.6. With a sample size ratio of 1
between groups, an a-value of 0.05, and statistical
power set at 90%, the calculated total sample
size was 214. Therefore, if we could enroll 112
AR patients and another 112 NAR patients in a
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future study, we could expect to yield results with
statistical significance.

In the current study, we observed a statistically
significant correlation between serum eosinophil
count and FeNO, and between nasal eosinophilia
and FeNO. Liu and colleagues analyzed several
variables that could affect FeNO and reported a
strong correlation between blood eosinophilia
and FeNO in 132 school-age children.” In
contrast, Hou et al. found no correlation between
eosinophil cationic protein (ECP) levels in nasal
secretions and nasal NO levels.'* However, ECP
correlated significantly with nasal NO in patients
with less nasal obstruction and those with less
nasal airway resistance (identified using active
anterior rhinomanometry)." Based on the results
of the current study, we could suggest that allergic
inflammation of the upper airway, especially
eosinophilic inflammation, is more severe in
patients with serum and nasal eosinophilia and that
FeNO levels are expected to be higher.

According to our best-of-the-literature review,
few reports offer diagnostic cut-off values for
FeNO in patients with AR. Here, we defined
‘typical clinical symptoms of AR plus strongly
positive results for suspected allergens in SPT
and/or MAST’ as the gold standard criteria for
AR. We then evaluated the usefulness of FeNO in
contributing to the diagnostic criteria using ROC
curve analysis and AUC. In this analysis, AUC of
FeNO was 0.983. When we set the diagnostic value
of FeNO at 33.5 ppb or higher, the sensitivity and
specificity were 93.8% and 92.3%, respectively.
Therefore, based on our findings, FeNO could have
usefulness in AR diagnosis.

In contrast, ROC analysis using nasal NO showed
an AUC of 0.608 and cut-off value of 173 ppb. The
sensitivity and specificity were 54.7% and 67.7%,
respectively.” Another study identified nasal NO
levels of 799 ppb or more as a cut-off."” However,
this level tends to be too high compared to the results
of other studies. In fact, in a systematic review
intended to establish diagnostic criteria for FeNO
in patients with asthma, the cut-off value suggested
based on the 26 included studies was between 10.5
and 64 ppb.’ Therefore, we selected the FeNO value
with the most reasonable sensitivity and specificity
and finally settled on 33.5 ppb by choosing a level
that would have meaningful clinical relevance.'t

Elsewhere, one group has compared nasal NO in
AR patients and controls and found levels as high
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as 205.65+135.06 ppb, although the deviation was
very high. Even in the control group, values were
as high as 150.71+48.38 ppb."* Takeno et al. also
studied oral FeNO and nasal NO simultaneously
and found that nasal NO was higher than FeNO in
healthy volunteers.”’ Thus, the usefulness of nasal
NO in the diagnosis of AR remains controversial.

The usefulness of FeNO may vary depending
on the type of sensitized antigen in patients with
allergic asthma. Asthma with systemic sensitization
to a perennial allergen is associated with higher
FeNO levels."”'® Sensitization to animal hair also is
associated with higher FENO." However, Lluncor
and colleagues found no correlation between
sensitization to house dust mite and FeNO levels."”
In our study, though, most of the included patients
were sensitized to house dust mite, and we found
a close correlation between this sensitization and
high FeNO levels. Perhaps this difference results
from divergent prevalences of mite sensitization
between Spain (the study area in the earlier study)
and the Republic of Korea (where this study was
conducted).

NARES (nonallergic rhinitis with eosinophilia
syndrome) is defined as the presence of typical
AR symptoms without elevated serum-specific
IgE, with no systemic sensitization, and with high
nasal eosinophilia. Patients with NARES can be
expected to have higher FeNO because of the nasal
eosinophilia, as borne out in one study showing
higher FeNO in patients with NARES compared
to those with NAR.*lower airway inflammation,
lower respiratory symptoms, and lung function
abnormalities compatible with asthma are more
frequently associated with the diagnosis of allergic
rhinitis (AR In the current work, we also aimed
to analyze FeNO levels in patients with NARES,
but enrolment was too low to allow for a statistical
analysis. In further studies, we plan to enroll more
patients with NARES.

FeNO usually reflects eosinophilic inflammation
of the lower airway, whereas nasal NO reflects that
of the upper airway. Gupta et al. reported nasal
NO levels in healthy volunteers of 114.50 +£76
ppb, compared with 271.44+£120 ppb in patients
with AR.? On the other hand, FeNO is also
reported to increase in AR patients. Kumar et al.
reported that FeNO was significantly increased in
atopic AR compared to non-atopic disease, and
Jouvaville et al. and Gratziou et al. have published
similar results.** Gupta and colleagues raised the
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possibility of subclinical eosinophilic inflammation
in the lower airway in AR patients.”> Further
research is needed to determine whether patients
with high FeNO values and no asthma are more
likely to develop asthma later.

In this investigation, the control group did not
consist of healthy volunteers but of NAR patients,
which is a weakness of our study. However, we
conducted this work under the assumption that
the pathological mechanism of NAR would not
be not related to AR and especially eosinophilic
inflammation, so that it would be reasonable to
have NAR patients as a control group. In fact,
FeNO previously was reported not to differ between
unaffected controls and patients with NAR."

Another significant limitation of this study
is the low number of participants. Because of
our strict exclusion criteria, a large number of
patients could not be enrolled. By contrast, in
real-world practice, the patient presentations are
heterogeneous with various clinical symptoms and
co-morbidities. Furthermore, the GINA (Global
Initiative for Asthma) guideline states that FeNO is
not established as useful for diagnosing or ruling
out asthma. These guidelines suggest only that
a finding of FeNO >50 ppb is associated with a
good response of inhaled corticosteroid for the
treatment.” Therefore, the cut-off value presented
in this study should be considered with caution and
better applied as a reference. Further, larger studies
should be conducted to evaluate its sensitivity and
specificity.

Clinically, many physicians do not routinely
measure FeNO while treating patients with AR.
In some patients with allergic asthma and rhinitis
together, FeNO values are lower than expected. On
the other hand, FeNO is also relatively high in other
patients with AR alone. As noted, our participant
number was small because of the strict exclusion
criteria, and larger studies are needed. Many patients
can have markedly decreased FeNO because the
AR is well controlled by antihistamines and INS
(data not shown here). Therefore, we can verify the
findings of this study by performing further FeNO
testing in a large number of AR patients.

In conclusion, FeNO in patients with AR
correlates signficantly with blood and nasal
eosinophilia. Based on our findings, FeNO could
be a useful adjunct for evaluating the degree of
eosinophilic inflammation in patients with AR.
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