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Role of tissue eosinophils in chronic rhinosinusitis–associated olfactory loss
Leah J. Hauser, MD, Rakesh K. Chandra, MD, Ping Li, MD and Justin H. Turner, MD, PhD

Background: Olfactory dysfunction is 1 of the hallmark
symptoms of chronic rhinosinusitis (CRS). Eosinophilic in-
flammation has been implicated as a potential causative
factor. However, prior studies have been limited by ret-
rospective study designs, concomitant use of systemic
corticosteroids, and other confounding factors.

Methods: CRS and healthy non-CRS control subjects
undergoing endoscopic sinus or skull-base surgery were
prospectively enrolled and completed olfactory testing uti-
lizing the 40-item Smell Identification Test (SIT) immedi-
ately prior to surgery. Histopathological evaluation of tissue
excised from the ethmoid bulla was performed by a pathol-
ogist in a blinded fashion. Disease severity and patient-
reported outcomes were measured via the Lund-Mackay
computed tomography (CT) grading system and 22-item
Sino-Nasal Outcome Test (SNOT-22), respectively. The as-
sociations between olfactory function, tissue eosinophilia,
and disease severity were analyzed using Spearman rank
order correlation and multiple linear regression.

Results: Twenty-seven (27) subjects with CRS without
nasal polyps (CRSsNP), 32 subjects with CRS with nasal
polyps (CRSwNP), and 10 healthy non-CRS controls were

enrolled. CRSwNP was associated with higher mean tissue
eosinophil counts (71.6 vs 28.1 eosinophils/high-power field
[HPF], p < 0.05) and lower age/sex-adjusted SIT scores
(−17.4 vs −6.2, p < 0.001) when compared to CRSsNP.
SIT scores were strongly negatively correlated with tissue
eosinophil counts in CRSwNP (r = −0.60, p = 0.0003), but
not CRSsNP (r = 0.16, p = 0.42). The correlation between
olfactory function and tissue eosinophilia in CRSwNP
persisted a�er adjusting for disease severity.

Conclusion: Tissue eosinophilia is associated with ol-
factory loss in CRSwNP, independent of disease sever-
ity. These results suggest a possible role for eosinophils
or eosinophil-associated cytokines in CRS-associated
olfactory loss. C© 2017 ARS-AAOA, LLC.
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O lfactory dysfunction is 1 of the 4 cardinal symptoms
of chronic rhinosinusitis (CRS), affecting up to 84%

of patients.1,2 Loss of smell puts individuals at increased
risk due to an inability to sense noxious odors such as
smoke, gas, and spoiled foods, and these patients typically
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score lower on quality of life (QoL) surveys and have
worse baseline disease severity than their normosmic
counterparts.3 However, the etiology of olfactory loss
in CRS remains largely unknown. Previous studies have
suggested that eosinophilic inflammation may have adverse
effects on olfactory function. For example, Yee et al.4

evaluated olfactory mucosal biopsies from CRS patients
and noted higher numbers of infiltrating eosinophils in
the olfactory epithelium compared to tissue from healthy
controls. Likewise, a separate study found that allergic
sensitization of mice with Aspergillus fumigatus results
in elevated eosinophilic infiltration and olfactory sensory
neuron apoptosis.5

Eosinophilic CRS (eCRS) is a particularly recalcitrant
form of CRS with poor QoL outcomes and high rates
of disease recurrence.6–9 The etiology of eCRS remains
controversial. Some investigators have proposed that su-
perantigens derived from Staphylococcus aureus can re-
sult in polyclonal production of immunoglobulin E and
subsequent tissue infiltration by eosinophils.10,11 Others
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have proposed that local release of interleukin 5 (IL-5)
and IL-13 due to fungal organisms inhabiting the sinonasal
mucosa of a susceptible host can lead to unrelenting
eosinophilic inflammation.12–14 Interestingly, while eCRS
is commonly associated with presence of nasal polyps,
up to 40% of CRSsNP patients also have elevated tissue
eosinophils.6,7,15,16

Tissue eosinophilia has been associated with olfactory
dysfunction in a small number of clinical studies.7,17,18

However, these studies have been largely retrospective and
have often failed to account for confounding factors such
as disease severity or phenotype. Soler et al.7 found that
eCRS patients (defined as >5 eosinophils/high-power field
[HPF]) had lower olfaction scores than those with non-
eCRS; however, smell function did not directly correlate
with eosinophil counts in these patients. Of note, subjects
in this study received preoperative systemic corticosteroids,
which are known to promote eosinophil apoptosis,19,20 a
confounding factor that could have potentially masked the
true effect of eosinophilia on olfactory function. Additional
prospective studies that account for disease severity and
other confounding factors are needed to help clarify the role
of tissue eosinophilia on olfactory function. The objective
of this prospective study was to evaluate the putative as-
sociation between olfaction, tissue eosinophils, and disease
severity in patients with CRS without polyps (CRSsNP) and
CRS with nasal polyps (CRSwNP).

Patients and methods
Study design and population

This study was approved by the Vanderbilt University
Institutional Review Board. Patients presented to the
Vanderbilt Asthma, Sinus, and Allergy Program (ASAP)
and Otolaryngology clinic at the Vanderbilt Bill Wilkerson
Center. CRS was diagnosed according to the European
Position Paper on Rhinosinusitis and Nasal Polyps and
the International Consensus Statement on Allergy and
Rhinology: Rhinosinusitis, and therefore patients were
initially managed medically.21,22 Patients with continued
symptoms who elected to undergo endoscopic sinus
surgery were prospectively enrolled. Control cases in-
cluded patients undergoing pituitary or skull-base surgery
without evidence of CRS. Patients were excluded if they
had received systemic steroids within 4 weeks of surgery.
Patients with cystic fibrosis, autoimmune, or granuloma-
tous diseases were excluded. The presence of concomitant
allergic rhinitis and asthma was recorded. Allergic rhinitis
was defined as positivity on skin-prick testing or clinical
history suggestive of seasonal variation in atopic symptoms
with improvement with topical nasal steroids or oral anti-
histamine. Asthma was diagnosed according to a positive
methacholine challenge test or consistent pulmonary
function tests. Patient reported symptom severity was
measured utilizing the 22-item Sino-Nasal Outcome Test
(SNOT-22).23

Computed tomography
All patients underwent a high-resolution computed tomog-
raphy (CT) scan of the paranasal sinuses. Each scan was
evaluated by 2 authors (L.H. and J.T.) who were blinded to
subject identifiers and diagnosis. A standard Lund-Mackay
scoring system was used to assess overall extent of CRS. The
degree of opacification in the olfactory cleft (OC) was de-
termined according to previously published protocols24,25

using a semiquantitative Likert scale ranging from 0 to 3
(0 = 0–24%; 1% = 25–49%; 2 = 50–74%; 3 = 75–100%).
As described by other investigators,25 the OC is the area be-
tween the middle turbinates extending from the cribriform
plate to the sphenoid sinus face and spanning 1 cm below
the skull base. OC opacification was assessed in 2 locations.
The anterior OC was defined as the coronal plane from the
anterior limit of the OC to the posterior limit of the globe
and the posterior OC was defined as the coronal plane from
the posterior limit of the globe to the face of the sphenoid
sinus.

Olfactory testing
Subjects enrolled in the study completed the 40-item Smell
Identification Test (SIT) immediately prior to surgery. The
SIT has excellent sensitivity, correlates closely with scores
attained via formal threshold testing, and has the advantage
of being easily and quickly administered to subjects on the
day of surgical intervention.26 Raw scores were adjusted for
patient age and gender by subtracting the mean normative
age- and sex-appropriate SIT score from the total SIT score
for each subject. Thus a negative adjusted SIT score repre-
sents reduced sense of smell compared to the mean for that
subjects age and gender. Normative SIT scores were ex-
tracted from the Smell Identification Test Administration
Manual (Sensonics International, Haddon Heights, NJ).

Histopathologic evaluation
Sinonasal tissue was collected from the ethmoid bulla in
all patients undergoing endoscopic sinus surgery for CRS.
Tissue from healthy controls was collected from either the
ethmoid sinus or sphenoid face. Histopathological evalua-
tion of excised tissue from both locations was performed
by a pathologist in a blinded fashion and the mean number
of eosinophils counted over 5 randomly selected HPFs was
recorded. eCRS was defined by a count of more than 10
eosinophils per HPF, similar to published studies.6,8,27,28

Statistical analysis
The association between mean eosinophil counts and age-
and sex-adjusted SIT scores was analyzed using Spearman
rank order correlation because the data for each variable
did not demonstrate parametric distribution and was not
suggestive of a linear relationship. Bivariate linear regres-
sion was used to assess interactions between additional
variables. All tests of the null hypothesis were evaluated at
α = 0.05. Analyses were performed using GraphPad Prism
version 6 (GraphPad Software, La Jolla, CA).
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TABLE 1. Subject demographics

Control

(n = 10)

CRSsNP

(n = 27)

CRSwNP

(n = 32)

Age (years), mean 48.2 46.56 46.59

Sex (male), n (%) 4 (40) 11 (40.7) 20 (62.5)

Asthma, n (%) 0 (0) 9 (33.3) 19 (59.4)

Allergic rhinitis, n (%) 2 (20) 15 (55.6) 25 (78.1)

Non-eCRS

(n = 23)

eCRS

(n = 36)

Age (years), mean 48.39 45.42

Sex (male), n (%) 13 (56.5) 18 (50)

CRSwNP (n, %) 8 (34.4) 24 (66.7)

Asthma, n (%) 11 (47.8) 17 (47.2)

Allergic rhinitis, n (%) 14 (60.9) 26 (72.2)

CRS = chronic rhinosinusitis; CRSsNP = CRS without nasal polyps; CRSwNP =
CRS with nasal polyps; eCRS = eosinophilic CRS.

Results
Subject demographics

A total of 69 subjects met inclusion criteria and were en-
rolled in the study, including 27 with CRSsNP, 32 with
CRSwNP, and 10 healthy non-CRS controls. Demographic
data is presented in Table 1. There were no differences in
age or gender among the 3 groups. Control subjects had a
significantly lower incidence of asthma (0.0%) and a his-
tory of positive allergy testing (20%) compared to both
CRSsNP (33.3%, p = 0.001; and 55.6%, p = 0.044; re-
spectively) and CRSwNP (59.4%, p < 0.001; and 78.1%,
p = 0.002; respectively). Subjects with nasal polyps had
a higher incidence of asthma than those without polyps
(p = 0.046).

Tissue eosinophil counts and SIT scores in CRS
subtypes

A total of 36 subjects (61.0%) had eCRS, defined as greater
than 10 eosinophils/HPF (Table 1). Patients with eCRS
were significantly more likely to have nasal polyps than
non-eCRS patients (66.6% vs 54.5%, p = 0.017). CRSwNP
was associated with higher mean tissue eosinophil counts
(71.6 vs 28.1 eosinophils/HPF, p < 0.05) and lower age/sex-
adjusted SIT scores (−17.4 vs −6.2, p < 0.001) when com-
pared to CRSsNP. Controls had a mean tissue eosinophil
count of 0.5 eosinophils/HPF and a mean age/sex-adjusted
SIT score of −3.9, which were significantly different than
CRSwNP (p < 0.001 and < 0.001, respectively). CRSsNP
had higher eosinophils/HPF than controls (p = 0.001), but
the difference in SIT scores between these 2 groups did
not reach statistical significance (p = 0.27). eCRS was as-
sociated with significantly lower SIT scores compared to
non-eCRS (−15.11 vs −7.80, p = 0.011) (Fig. 1).

FIGURE 1. SIT scores for all study subjects. Scatter plots of age- and sex-
adjusted SIT scores for (A) control, CRSsNP, and CRSwNP subjects, and (B)
control, non-eCRS, and eCRS subjects. CRSwNP had significantly lower SIT
scores compared to CRSsNP (p < 0.001) and controls (p < 0.001). eCRS
had significantly lower SIT scores compared to non-eCRS (p = 0.011) and
controls (p < 0.001). *p < 0.05. CRS = chronic rhinosinusitis; CRSsNP = CRS
without nasal polyps; CRSwNP = CRS with nasal polyps; eCRS = eosinophilic
CRS; SIT = 40-item Smell Identification Test.

Relationship between tissue eosinophilia,
olfaction, and disease severity

Spearman rank correlation confirmed that there was
a strong negative correlation between tissue eosinophil
counts and SIT scores in CRSwNP (r = −0.60, p = 0.0003),
but not CRSsNP (r = 0.16, p = 0.42) (Fig. 2). On bivari-
ate regression, the correlation between olfactory function
and tissue eosinophilia in CRSwNP persisted after adjust-
ing for CT score (p = 0.004), anterior olfactory cleft score
(p = 0.002), posterior olfactory cleft score (p = 0.003), and
SNOT-22 score (p = 0.009).

Discussion
Anosmia or hyposmia is 1 of the 4 cardinal symptoms of
CRS22 and affects up to 84% of patients with CRS1,2; how-
ever, the etiology of this olfactory loss remains poorly de-
fined. This study evaluated the association between tissue
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FIGURE 2. Correlation of olfaction function and tissue eosinophilia. Scatter
plot of age- and sex-adjusted SIT scores compared to mean tissue eosinophil
counts for (A) CRSsNP and (B) CRSwNP. There was a strong negative cor-
relation (R = −0.60, p = 0.0003) between SIT scores and tissue eosinophil
counts for CRSwNP subjects, but not for CRSsNP subjects (R = 0.16, p =
0.42). CRS = chronic rhinosinusitis; CRSsNP = CRS without nasal polyps;
CRSwNP = CRS with nasal polyps; HPF = high-power field; SIT = 40-item
Smell Identification Test.

eosinophilia, disease severity, and olfactory loss. We found
that tissue eosinophilia was directly correlated with olfac-
tory loss in CRSwNP, but not in CRSsNP.

In general, olfactory loss in CRS has 2 potential broad
etiologies: conductive loss due to obstruction of airflow to
the olfactory cleft and sensorineural loss due to cell damage
at the neuronal level likely from inflammatory infiltrate.
CRSwNP patients are susceptible to both etiologies due
to the presence of obstructive polyps and higher levels of
T-helper 2 (Th2) and other pro-inflammatory cytokines.
Similar to prior studies, SIT scores were significantly
lower for subjects with CRSwNP compared to those with
CRSsNP in our cohort. A prior study of 445 subjects found
that patients with CRSwNP had significantly worse scores
on the brief smell identification test compared to those
with CRSsNP or recurrent acute rhinosinusitis.29 Olfactory

function was closely associated with disease severity among
patients with nasal polyps, weakly associated among those
without polyps, and not associated at all in patients with
recurrent acute rhinosinusitis. However, previous studies
have shown that patients with more severe disease are
significantly less likely to gain improvement in their sense
of smell postoperatively, suggesting that removal of polyps
and restoration of olfactory cleft airflow alone may not
sufficiently address olfactory loss in these patients.2,30

Conversely, continued olfactory dysfunction may persist
despite polyp removal due to persistent inflammatory
changes to the sinonasal cavity and olfactory cleft. Addi-
tional studies have confirmed that disease severity alone
cannot consistently account for decreases in olfactory
function, further arguing against a purely conductive
etiology of olfactory loss in CRS patients.8,29 Collectively,
though olfactory dysfunction may be multifactorial, these
findings point to a role for inflammation as a major
causative factor in CRS-associated olfactory dysfunction,
with tissue eosinophilia having been previously implicated.

eCRS has long been recognized as a recalcitrant subtype
of CRS with increased disease severity and worse clinical
outcomes. High levels of eosinophils and eosinophil-
associated cytokines are more common in patients with
nasal polyps, and are generally correlated with a Th2-
dominant inflammatory pathway.31–35 We found that
patients with eCRS (>10 eosinophils per HPF) scored
significantly worse on the SIT compared to non-eCRS
and healthy control subjects. To reduce confounding
factors we assured that all patients enrolled in the study
had been off systemic steroids for at least 30 days and
completed their SIT on the day of tissue collection. We
also adjusted raw SIT scores for patient age and sex prior
to data analysis. While few studies have clearly associated
tissue eosinophilia with olfactory function, several have
associated eCRS with indicators of disease severity,
including CT and endoscopy scores.6–8 eCRS has also been
associated with high rates of polyp regrowth9 and signif-
icantly poorer QoL outcomes compared to patients with
non-eCRS.8,28

Our study showed a direct and strong correlation
between tissue eosinophil counts and SIT scores among
CRSwNP patients regardless of disease severity, suggest-
ing that eosinophilic infiltration may adversely affect
olfactory function in this patient population. We find
this logical given that there is a strong body of evidence
linking eosinophils and eosinophil-associated cytokines
with CRSwNP.31–35 Surprisingly, however, a correlation
between olfactory function and tissue eosinophilia was not
identified in subjects without nasal polyps despite a fairly
high (>40%) incidence of eosinophilic disease in this pa-
tient population. A previous study by Soler et al.7 found a
weak correlation between eosinophil counts and SIT scores
in CRS patients as a whole, but did not determine corre-
lations separately for CRSsNP and CRSwNP subgroups.
In addition, all patients received perioperative systemic
corticosteroids that may have altered tissue eosinophil
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counts and olfactory testing results. Our results confirm
that eosinophilia adversely affects olfactory function in
CRSwNP patients, and that smell loss is dependent on the
degree of eosinophilia. The lack of a similar association
in CRSsNP patients suggests that this effect may be
uniquely linked to the CRSwNP inflammatory environ-
ment, and may not be due to the presence of eosinophils
alone.

The mechanisms through which eosinophils affect olfac-
tion remain unclear. Eosinophil granule proteins are known
to be neurotropic and even neurotoxic, suggesting that local
release of these eosinophil secretory products could affect
olfactory neuron survival or regeneration.32,36,37 However,
the fact that eosinophilia does not alter olfactory function
in CRSsNP patients suggests that this mechanism may be
less likely, as local effects of eosinophil granule proteins
would be expected to have similar effects on olfactory neu-
rons, regardless of CRS subtype. Alternatively, the associa-
tion between eosinophilia and smell loss may be secondary
to the effects of eosinophil-associated cytokines. Certain
cytokines have the potential to negatively modulate neu-
ronal regeneration and the process of neurogenesis, both of
which can cause transient or permanent loss of functional
neurons. These effects have been previously reported for
an array of cytokines that include tumor necrosis factor
α (TNF-α), IL-6, and interferon γ (IFN-γ ).38–40 The po-
tential adverse effects of TNF-α and IFN-γ on olfactory
neuron function and/or survival have been confirmed in re-
cent animal studies.41–46 Likewise, Henkin et al.47 found
that patients with olfactory loss due to multiple etiologies
had elevated plasma, saliva, and nasal mucus levels of IL-
6. However, these are all nonspecific or Th-1–associated
cytokines that are not closely correlated with eosinophilic
inflammation. In a recent study by Schlosser et al.,48 el-
evated mucus levels of IL-5 were found to be associated
with reduced objective olfactory function in CRS patients.
IL-5 is a well-known survival factor for eosinophils and el-
evated tissue levels of IL-5 are more commonly associated
with CRSwNP than CRSsNP. Thus it is conceivable that the
association between tissue eosinophil counts and olfactory
function in CRSwNP patients could simply be a reflection
of higher local levels of IL-5. Future studies that corre-
late olfactory function with both tissue eosinophil counts
and local levels of pro-inflammatory cytokines will likely
be needed to clarify the etiology of eosinophil-associated
olfactory loss.

The strengths of the current study include its prospective
design and use of objective olfactory testing. We excluded
subjects who had received systemic corticosteroids prior to
surgery and also performed olfactory testing on the day
of tissue collection. We chose to use the validated SIT for
olfactory testing, given its close correlation with threshold
testing (r = 0.8 or greater) and the ability for testing to be
easily administered on the day of surgery.49 While thresh-
old testing may have identified a small minority of patients
with decreased threshold and normal identification, we feel
it likely would not have significantly altered our results and
likely would have required olfactory testing and evaluation
of surgical tissue to be performed at different times. As
decreased olfactory threshold has recently been associated
with eosinophilic inflammation50 and CRS in general,51 in-
clusion of threshold testing may be considered in future
studies.

Although we chose to use tissue eosinophil counts as a
measure of eosinophilic inflammation, it remains possible
that this assessment may not accurately reflect activated or
degranulating eosinophils. For example, a previous study
assessed tissue eosinophilia in CRS patients via histopathol-
ogy for EG2, an antibody that recognizes eosinophil gran-
ule proteins.52 However, many eosinophil granule proteins
are not specific to eosinophils, and there is currently no
consensus regarding which eosinophil granule protein may
best reflect active eosinophilic inflammation. Future studies
that assess both eosinophil counts, eosinophil markers, and
tissue cytokine levels may help further this line of research.

Conclusion
CRSwNP and eCRS are associated with decreased objective
olfactory function, and tissue eosinophil counts are directly
associated with olfactory function in CRSwNP, indepen-
dent of disease severity. More study is needed to further
explore the role of eosinophil granule proteins or eosi-
nophil-associated cytokines in CRS-associated olfactory
loss.
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