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Objectives: Chronic rhinosinusitis (CRS) is a major hallmark of primary ciliary dyskinesia (PCD). We investigated the pos-
sible correlation between some severity markers of CRS and several clinical features of the disease. We further studied the bit-
ter taste receptor TAS2R38 polymorphisms to identify the genotypes associated with more severe disease.

Methods: We included 39 adult PCD patients with (CRSwNP) and without nasal polyposis (CRSsNP); a sample for nasal
cytology was obtained and clinical cytological grading (CCG) was determined. The SNOT-22 and Lund-Mackay scores were
recorded. A sample of DNA was extracted from peripheral blood to investigate TAS2R38 polymorphisms.

Results: CRSwNP patients had features of more severe disease: indeed, they had statistically significantly higher fre-
quency of previous sinus surgery, higher SNOT-22, LM scores, and CCG than CRSsNP patients. Upon genotyping of TAS2R38
polymorphisms, we observed that the AVI–AVI genotype, associated to homozygous nonfunctional bitter TAS2R38 receptor,
was more prevalent among CRSwNP (100%) than in CRSsNP patients (0%); furthermore, AVI–AVI subjects showed statistically
significantly worse SNOT-22 and CCG scores than PAV–PAV and PAV–AVI subjects. The group of AVI–AVI patients also had
more frequent respiratory exacerbations, Gram-negative infections, and Pseudomonas aeruginosa colonization than PAV–PAV
and PAV–AVI patients.

Conclusion: Our findings indicate for the first time that PCD patients with CRSwNP display a more severe disease than
those with CRSsNP. Genotyping of TAS2R38 polymorphisms demonstrated that in PCD patients, the AVI–AVI genotype is strik-
ingly more prevalent among CRSwNP than in CRSsNP, while the PAV–PAV genotype might be protective against Gram-negative
infections and respiratory exacerbations.
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INTRODUCTION
Primary ciliary dyskinesia (PCD) is a rare (about

1:10,000 individuals) inherited ciliopathy (MIM 242650)
characterized by recurrent upper and lower respiratory
tract infections due to ciliary dysfunction. Impaired
mucociliary clearance leads to oto–sino–pulmonary dis-
eases and organ laterality defects in �50% of cases.
Symptoms usually begin early in life and include neona-
tal respiratory distress (NRD) (with >80% frequency in

full-term neonates), chronic nasal discharge, and wet
cough. The disease typically worsens with aging and
recurrent lung infections and inflammation lead to bron-
chiectasis and progressively decreased lung function.

Chronic rhinosinusitis (CRS) is a major hallmark of
PCD, especially in adulthood, affecting more than 70% of
patients, in comparison to approximately 10% in the gen-
eral population. Opacified paranasal sinus on computed
tomography (CT) and sinus hypoplasia or aplasia are
common features.1 CRS has a negative impact on the
quality of life,2,3 particularly because PCD patients expe-
rience more common olfactory impairment than those
with non-PCD sinusitis.4 Therefore, paranasal sinuses
represent a crucial zone that may constitute a potential
bacterial reservoir for recurrent bacterial lung infections
as demonstrated by a high prevalence of simultaneous
sinus and lung colonization with identical pathogens.5

The bacterial flora of PCD sinuses has been poorly
investigated but Haemophilus influenzae seems to be the
most frequent pathogen in the nasal cavity, followed by
Streptococcus pneumoniae, Staphylococcus aureus, and
Pseudomonas aeruginosa.6 The same pathogens can con-
tribute to lung disease in PCD and particular attention
must be paid to P. aeruginosa because of its ability to
cause lung inflammation and destruction; its presence
seems indeed to correlate with increased frequency of

This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial License, which permits use, distri-
bution and reproduction in any medium, provided the original work is
properly cited and is not used for commercial purposes.

From the Department of Pathophysiology and Transplantation
(G.P.), University of Milan and Unit of Bronchopneumology,
Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Milan,
Italy; Department of Clinical Sciences and Community Health (U.A., M.A., S.T.),
University of Milan and Division of Otolaryngology, Fondazione IRCCS Ca’
Granda, Ospedale Maggiore Policlinico, Milan, Italy; Department of
Medicine, Surgery and Health Sciences (G.G.), University of Trieste,
Institute for Maternal and Child Health-IRCCS “Burlo Garofolo”, Trieste,
Italy; and the Institute for Maternal and Child Health-IRCCS “Burlo
Garofolo” (M.P.C.), Trieste, Italy.

The authors have no other funding, financial relationships, or con-
flicts of interest to disclose.

Send correspondence to Gioia Piatti, MD, PhD, Department of Path-
ophysiology and Transplantation, University of Milan and Unit of
Bronchopneumology, Fondazione IRCCS Ca’ Granda Ospedale Maggiore
Policlinico, Via Francesco Sforza 35, 20122 Milan, Italy. E-mail: gioia.
piatti@unimi.it

DOI: 10.1002/lary.30112

Laryngoscope 133: February 2023 Piatti et al.: Chronic Rhinosinusitis in Primary Ciliary Dyskinesia

248

The Laryngoscope
© 2022 The Authors. The Laryngoscope
published by Wiley Periodicals LLC on
behalf of The American Laryngological,
Rhinological and Otological Society, Inc.

https://orcid.org/0000-0001-5986-7117
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
mailto:gioia.piatti@unimi.it
mailto:gioia.piatti@unimi.it


respiratory exacerbations, poorer respiratory function,
and globally with more severe disease.7

Whenever medical therapy fails in PCD patients
with CRS (sinonasal irrigation with saline, topical ste-
roids, and long-term antibiotics), functional endoscopic
sinus surgery (FESS) with adjuvant therapy improves
the quality of life; can eradicate bacteria from sinuses
and lungs and ultimately stabilize lung function.8

CRS is usually subdivided into two types, that is,
CRS without nasal polyps (CRSsNP) and CRS with nasal
polyps (CRSwNP). CRSwNP is clinically more challeng-
ing, as it tends to be more severe, recurrent, and associ-
ated with other comorbidities.

Besides to phenotypic distinction between CRSsNP
and CRSwNP, the importance of endotyping eosinophilic
and noneosinophilic mediated CRS was recently recog-
nized because eosinophilic CRS generally shows a poor
response to medical and surgical treatments in compari-
son to noneosinophilic mediated CRS.9 Although nasal
cytology is an easy method to assess nasal inflammation
and disease-specific cellular features, limited studies on
CRS are available. While in PCD, airway inflammations
are dominated by neutrophils infiltration,10 nasal cytol-
ogy in these patients was never carried out previously.

In patients with CRSwNP, frequent olfactory and
smell impairment occur. Nasal polyps are a physical bar-
rier to odorant molecules reaching the olfactory epithe-
lium, whereas edematous mucosa also contributes to
nasal obstruction.11 Adult PCD patients have nasal
polyps in 15%–56% of cases.12

In addition to an olfactory defect, patients with CRS
show decreased gustatory function, particularly pro-
nounced for bitter taste.13,14 In the CRS, T2R38 is the
best-studied extraoral bitter taste receptor that seems
to be involved in the regulation of innate immunity
responses.15

The TAS2R38 gene encoding T2R38 has two com-
mon haplotypes, one encoding a functional receptor and
another encoding a nonfunctional receptor. The functional
T2R38 receptor contains proline (P), alanine (A), and
valine (V) residues, while nonfunctional T2R38 contains
alanine (A), valine (V), and isoleucine (I). Loss of the
valine in the AVI variant is responsible for the impair-
ment of receptor activation. The following haplotypes
influence the perception of bitter taste: PAV–PAV are
“supertasters,” PAV–AVI have variable intermediate
levels of taste, while AVI–AVI are “nontasters.”

Recent reports suggest that the genetic variability of
the TAS2R38 bitter taste receptor, which is expressed in
the cilia of epithelial cells of the nasal–sinus mucosa, is
associated with susceptibility to upper respiratory tract
infections and the development of CRS.15 TAS2R38 recep-
tor expression in tissues of patients with CRS is
increased and single nucleotide polymorphisms (SNPs) in
TAS2R38 gene have been shown to correlate with Gram-
negative sinusitis.16 Other lines of evidence17 also
suggested that TAS2R38 genotyping may predict surgical
FESS outcomes in CRS.

The present study aimed at evaluating several clini-
cal features and markers of CRS severity in a group of
PCD subjects suffering from CRS with and without nasal

polyposis. Based on the hypothesis that TAS2R38 geno-
type correlates with CRS disease severity, we further
studied the possible correlation between TAS2R38 geno-
type and CRS-related factors (comorbidities, bacterial
infections and colonization, number of surgeries, nasal
cytology, etc.), as well as markers of CRS severity, such
as SNOT-22 and LM score, in a group of PCD subjects
suffering from CRS.

PATIENTS AND METHODS
We recruited adult PCD patients that were followed

at the Center for Rare Diseases, Unit of Respiratory
Diseases of the Policlinico Hospital, Milan. The cohort
had a definitive PCD diagnosis based on the characteris-
tic clinical phenotype and ciliary ultrastructural defects,
abnormal ciliary function, or a genetic mutation recog-
nized to cause PCD.

All patients were subjected to otolaryngological
evaluation with nasal endoscopy; CRS was diagnosed
according to the last European guidelines.18

On the basis of clinical examination, medical history,
nasal endoscopy, and sinus CT (Lund-Mackay [LM]
score), we included in our study two subgroups of CRS
patients: CRSwNP (n = 23) and CRSsNP (n = 16).

Medical history was focused on symptoms indicative
of CRS (nasal discharge–postnasal drip, nasal congestion,
and/or decreased sense of smell, with or without facial
pain.19 Previous sinonasal surgical procedures, allergic
status, and bronchial asthma, the presence of bronchiec-
tasis and the recurrence of infections (number of respira-
tory exacerbations: <2 exacerbations per year or ≥2 per
year) were also evaluated. Data were recorded in clini-
cally stable patients, free from acute respiratory infec-
tions for at least 30 days.

CRS disease severity
The more recent TC or nuclear magnetic resonance

exam available were considered for LM staging; each
sinus group is graded between 0 and 2 (0: no abnormality,
1: partial opacification, 2: total opacification). The
ostiomeatal complex is scored as: 0 (not obstructed) or
2 (obstructed). A total score of 0–24 is possible and each
side can be considered separately (0–12).20

Patients filled out SNOT-22 questionnaire that is
the commonly used instrument for patient-reported
CRS outcomes. It rates 22 different symptoms from
0 (no problem) to 5 (problem as bad as it can be) related
to rhinological, ear, facial, general, physical, and psycho-
logical domains. The scores range from 0 to 110 with high
scores indicating greater symptoms.21

A sampling for nasal cytology was performed out of
respiratory exacerbations by anterior rhinoscopy using a
speculum and adequate lighting. Sampling was carried
out at the average portion of the lower turbinate. Sam-
ples were immediately swiped on the central area of a
slide, air-dried, and smeared with May Grunwald-
Giemsa.22 Slides were observed at different magnification
under optical microscope and not less than 50 fields were
evaluated at high magnification (�1000), in order to find
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neutrophils, eosinophils, mast cells, bacteria, etc.
Moreover, a clinical cytological grading (CCG), which is a
score based on both nasal cytological findings and
comorbidities, including asthma, allergy, and
acetyilsalicylic acid sensitivity23 was calculated. A global
score between 1 and 3 is considered low grade, 4 and
6 moderate, and >7 severe.24

TAS2R38 genotyping
TAS2R38 polymorphisms were investigated on DNA

extracted from peripheral blood. Briefly, DNA was
obtained using the Isohelix extraction protocol-DNA isola-
tion kit (Cell Projects, Kent, UK); genotypes of three
TAS2R38 SNPs (rs1726866, rs713598, and rs10246939)
were performed using the TaqMan probe-based assays

(Applied Biosystems, Foster City, CA). Participants were
classified as heterozygous PAV–AVI, homozygous PAV–
PAV, and homozygous AVI–AVI.

Lung Infection Status
We considered the modified Leeds criteria to define

chronic colonization when >50% sputum cultures of the
preceding 12 months were positive for a specific patho-
gen, intermittent colonization when ≤50% sputum cul-
tures of the preceding 12 months were positive for a
specific pathogen, or free of colonization and infection
when no growth occurred in the previous 12 months.25

All recruited patients signed an informed consent
and the Ethical Committee of the Hospital approved the
protocol.

Table I.
Demographic and Clinical Characteristics in PCD Subjects With CRSwNP and CRSsNP.

CRSwNP n = 23 CRSsNP n = 16 p-Value

Male gender, n (%) 11 (47.8) 9 (56.2) 0.74

Age (years, mean [SD]) 39.4 (14.2) 36.9 (15.8) 0.60

Situs inversus, n (%) 13 (56.5) 10 (62.5) 0.75

Neonatal respiratory distress, n (%) 5 (21.7) 5 (31.2) 0.71

Consanguinity, n (%) 4 (17.4) 2 (12.5) 1.00

Allergy, n (%) 7 (30.4) 4 (25) 1.00

Asthma, n (%) 4 (17.4) 6 (37.5) 0.26

Previous sinus surgery, n (%) 17 (73.9) 2 (12.5) <0.01*

SNOT-22 score, mean (SD) 55.7 (19.1) 35.5 (17.7) <0.01*

LM score, mean (SD) 18.9 (6.1) 13 (9.9) 0.03*

Clinical cytological grading, mean (SD) 4.8 (1.3) 2.7 (1.2) <0.01*

Respiratory exacerbations ≥2/year, n (%) 15 (65.2) 13 (81.2) 0.47

Gram-negative infections 15 (65.2) 6 (37.5) 0.11

PA colonization, n (%) 9 (39.1) 3 (18.7) 0.29

*Statistically significant results.
CRSsNP = chronic rhinosinusitis without nasal polyps; CRSwNP = chronic rhinosinusitis with nasal polyps; LM = Lund-Mackay; PA = Pseudomonas

aeruginosa; PCD = primary ciliary dyskinesia.

Fig. 1. (A) Typical nasal endoscopy of a PCD patient with relapsing CRSwNP where it can be observed a complete obliteration of the left mid-
dle meatus by nasal polyps covered with dense purulent secretions; (B) axial CT scan of a patient with relapsing CRSwNP documenting com-
plete maxillary and middle meatus opacification on both sides. CT = computed tomography; CRSwNP = chronic rhinosinusitis with nasal
polyps; PCD = primary ciliary dyskinesia.
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Statistical Analysis
Demographic and clinical characteristics were

described by mean values with SDs for normally distrib-
uted continuous data or as absolute frequency and per-
centages for categorical data. Differences between
percentages were tested by Fisher test while those
between mean values by analysis of variance analysis;
correlation analyses were performed with the Pearson’s
test; statistical significance was estimated for p < 0.05.
Statistical analysis was performed using the R software.

RESULTS
Thirty-nine PCD patients suffering from CRS were

enrolled in the present study, subdivided into 23 cases
with nasal polyposis (CRSwNP) and 16 without nasal
polyposis (CRSsNP). Patients’ age ranged from 19 to
70 years.

Relevant clinical data are reported in Table I. Aller-
gic sensitization was diagnosed in 11/39 (28.2%) cases,
asthma in 10/39 (25.6%), and aspirin intolerance in 2/39
(5.1%). Nineteen PCD with CRS patients (48.7%) had
undergone previous sinus surgery.

No significant differences were observed between the
two groups for what concerns the age and the prevalence
of situs inversus, NRD, consanguinity, allergy, or asthma,
but the CRSwNP group was characterized by a significant
increase in the frequency of previous sinus surgery in
comparison to CRSsNP group (73.9% vs. 12.5%, respec-
tively, p < 0.01).

CRSwNP patients had features of more severe dis-
ease: indeed, mean SNOT-22 score was significantly
higher in CRSwNP relative to CRSsNP patients
(55.7 � 19.1 vs. 35.5 � 17.7, p < 0.01), mean LM score
was 18.9 � 6.1 and 13 � 9.9 in CRSwNP and CRSsNP
(p = 0.03), respectively.

Figure 1 shows a typical picture of nasal endoscopy
and sinus CT in an adult patient with PCD.

Nasal cytology also showed a statistically significant
difference between CRSwNP and CRSsNP: CCG was
4.8 � 1.3 in CRSwNP versus 2.7 � 1.2 in CRSsNP,
p < 0.01. Altogether, the predominant inflammatory cells
at nasal cytology were neutrophils (38/39 patients
corresponding to 97.4%); eosinophils were observed in
11/39 patients (28.2%), while in some cases (10/39,

corresponding to 25.6%), a mixed inflammation (neutro-
phils and eosinophils) was found; bacteria were also fre-
quently observed in association to neutrophils (15/39,
corresponding to 38.5%).

Most CRSsNP patients had low-grade CCG, while
CRSwNP had medium or high CCG score (see Table II).

Table II.
Clinical Cytological Grading (CCG) Distribution in PCD Patients

With CRSwNP and CRSsNP.

CRSwNP n = 23 CRSsNP n = 16 p-Value

CCG, mean � SD 4.8 � 1.3 2.7 � 1.2 <0.01*

CCG score

Low (≤3) 5 (33.3) 10 (66.7) 0.02*

Medium4–6 16 (76.2) 5 (23.8) <0.01*

High (≥7) 2 (100) 0 (0) 0.5

*Statistically significant results.
CRSsNP = chronic rhinosinusitis without nasal polyps; CRSwNP =

chronic rhinosinusitis with nasal polyps; PCD = primary ciliary dyskinesia.

Fig. 2. Examples of nasal cytology in PCD: (A) the inflammatory pic-
ture is dominated by neutrophils; (B) a mixed inflammation with
neutrophils and eosinophils; (C) neutrophils and associated bacte-
ria. PCD = primary ciliary dyskinesia.
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Figure 2 shows an example of nasal cytology in a
patient with PCD.

Concerning the prevalence of frequent respiratory
exacerbations (≥2/year), Gram-negative infections or PA
colonization, no statistical differences between CRSwNP
and CRSsNP subjects were found, albeit a trend of
greater prevalence of Gram-negative infections and PA
colonization was observed in CRSwNP compared to
CRSsNP (65.2% vs. 37.5% and 39.1% vs. 18.7%,
respectively).

Genetic data on TAS2R38 polymorphisms were
available for 27 PCD patients. Upon genotyping of
TAS2R38 polymorphisms, the prevalence of PAV–PAV
subjects with PCD was 25.9%, while that of PAV–AVI
and AVI–AVI was 51.9% and 22.2%, respectively. The
AVI–AVI genotype was strikingly more prevalent among
CRSwNP (100%) than among CRSsNP patients (0%).

Table III shows the prevalence of clinical character-
istics within the three groups: PAV–PAV patients were
less likely to need surgical intervention for CRS
compared to AVI–AVI and PAV–AVI: indeed, 83.3% of
AVI–AVI and 50% of PAV–AVI underwent previous sinus
surgery, compared to 42.8% only of PAV–PAV subjects,
although these values did not reach statistical signifi-
cance (p = 0.35).

Significant statistical differences were observed con-
cerning SNOT-22 and CCG (p = 0.03 and p = 0.02,
respectively), with homozygotes for the functional
TAS2R38 having a significantly better rhinological qual-
ity of life as assessed by SNOT-22 than PAV–AVI or
AVI–AVI individuals. In addition, AVI–AVI subjects
showed worse CCG than PAV–PAV and PAV–AVI.

The whole group of AVI–AVI patients (100%) had
more than two respiratory exacerbations–year.

Similarly, Gram-negative infections were mainly
associated with AVI–AVI or PAV–AVI genotypes: only
2 out of 14 patients (14.3%) were PAV–PAV homozygous;
the remaining 12 patients were AVI homo- and heterozy-
gous (85.7%).

None of the patients with the PAV–PAV genotype
had PA colonization.

Through correlation analyses, a significant relation-
ship was found between SNOT-22 and LM score
(p < 0.01, r = 0.59), between SNOT-22 and nasal CCG
(p < 0.01, r = 0.74), and between LM score and nasal
CCG (p < 0.001, r = 0.57).

CRS severity was not correlated to any characteris-
tics of PCD (i.e., nNO, CBF, and ultrastructural
phenotype).

We did not find any correlations between parame-
ters of CRS severity, such as SNOT-22 or LM score, and
age (p = 0.75 and p = 0.17, respectively), or between fre-
quent respiratory exacerbations and age (p = 0.16). Fre-
quent respiratory exacerbations correlated neither with
SNOT-22 nor with LM score (p = 0.43 and p = 0.5,
respectively).

DISCUSSION
CRS is recognized as a multifactorial disorder where

several factors, such as mucociliary function, anatomical
features, immune response to infections, and respiratory
allergies may be involved.

Several well-characterized genetic syndromes are
associated with CRS, including the PCD,26,27 a rare
hereditary disease due to a malfunctioning of respiratory
ciliated cells. Impaired mucociliary clearance in par-
anasal sinuses leads to bacterial colonization, recurrent
infections, inflammation, and development of CRS.
Inflammation of the upper airways may facilitate infec-
tions of the lower airways as well, with development of
bronchiectasis and decreased lung function.

Nearly all PCD patients have otorhinolaryngological
symptoms since childhood: a rhinitis with chronic nasal
congestion can be observed in almost 100% of patients,
out of which ≥70% are affected by CRS. Nasal polyposis
in patients with PCD is more common compared with the
general population; it is rare in childhood (approximately

Table III.
Distribution of TAS2R38 Haplotypes Polymorphisms in PCD Patients, n (%).

PAV/PAV n = 7 PAV/AVI n = 14 AVI/AVI n = 6 p-Value

CRSwNP 5 (71.4) 5 (35.7) 6 (100) 0.02*

CRSsNP 2 (28.6) 9 (64.3) 0 (0) 0.02*

Situs inversus 5 (71.4) 9 (64.3) 2 (33.3) 0.4

Neonatal respiratory distress 0 (0) 4 (28.6) 3 (50) 0.13

Previous sinus surgery 3 (42.8) 7 (50) 5 (83.3) 0.35

SNOT-22 score, mean (SD) 44.3 � 14.5 44.5 � 19.7 67.7 � 17.2 0.03*

LM score, mean (SD) 14.9 � 7.4 15.2 � 7.9 18.2 � 6.8 0.68

Clinical cytological grading, mean (SD) 3.4 � 1.5 3.6 � 1.6 5.7 � 1.4 0.02*

Respiratory exacerbations ≥2/year 4 (57.1) 9 (64.3) 6 (100) 0.24

Gram-negative infections 2 (28.6) 7 (50) 5 (83.3) 0.2

PA colonization 0 (0) 4 (28.6) 2 (33.3) 0.34

*Statistically significant results.
CRSsNP = chronic rhinosinusitis without nasal polyps; CRSwNP = chronic rhinosinusitis with nasal polyps; LM = Lund-Mackay; PA = Pseudomonas

aeruginosa; PCD = primary ciliary dyskinesia.
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15%),28 but in adulthood, it ramps up to 56% of sub-
jects.12 Sinonasal disease may persist and worsen in
adulthood.29 A recent study30 identifies sinonasal disease
as a primary cause of decreased quality of life in these
patients. Effective treatment of CRS starting from child-
hood is crucial to delay lung disease.

The present study reveals that CRSwNP patients
with PCD have significantly higher SNOT-22 and LM
scores than CRSsNP patients, in agreement with the idea
that inflammatory nasal polyps are seen as an end point
of inflammation.31 The CRSwNP group had also under-
gone an elevated number of previous sinus surgery in
comparison to the CRSsNP group. Altogether, these
findings indicate that in PCD CRwNP is a more severe
disease than CRSsNP.

Other Authors2,32 have already emphasized that
CRSwNP is clinically more severe than CRSsNP,
unresponsive to currently established treatments or
endoscopic sinus surgery and is associated with other
comorbidities. However, here we demonstrate, for
the first time that clinical CCG, which is a composite
score based on nasal cytology and comorbidities,
is higher in PCD patients with CRSwNP than in
CRSsNP patients.

Although nasal cytology is not performed routinely
to study cellular profiling of CRS because of its overall
low estimated accuracy,33 it represents a useful tool
to assess the CRS endotypes (eosinophilc and non-
eosinophilic CRS). In fact, in addition to the phenotypic
distinction between CRSwNP and CRSsNP, it is cur-
rently important to distinguish between eosinophilic and
noneosinophilic mediated CRS, because eosinophilic CRS
is generally associated with a poor response to medical
and surgical therapies. The CCG has been proposed to
better define the management strategy, identify a prog-
nostic index of relapse, and adopt a personalized medical
approach.24 A CCG threshold >4 has been proposed to
suspect an olfactory impairment in CRSwNP patients.23

In PCD patients the most frequently inflammatory cells
found in nasal cytology were neutrophils, but a consider-
able percentage of patients showed eosinophils or a mixed
inflammation with both eosinophils and neutrophils.
These endotypes could have different responses toward
drugs (e.g., new biological drugs) and to surgery for CRS,
so nasal cytology could be a useful easy method to
personalize treatments.

In agreement with other studies,12 the most frequently
found bacteria in sputum samples were Haemophilus
influenzae andStaphylococcus aureus, followed byStreptococ-
cus pneumoniae and Escherichia coli. PA colonization was
found in 30.8% of subjects; this prevalence is similar to that
found by Wijers et al.34 A trend of greater prevalence of
Gram-negative infections and Pseudomonas aeruginosa colo-
nization has emerged in CRSwNP in comparison to CRSsNP
patients, even if it did not reach statistical significance.

Furthermore, similarly to previously reported by
Barbato et al.,35 the severity of CRS symptoms did not
correlate with ultrastructural defects in PCD, nasal nitric
oxide, or genotype.

The taste is frequently compromised in CRS; recent
evidences showed that extraoral bitter taste receptors

(T2R) may play a role in the pathophysiology of chronic
airway inflammation, such as CRSwNP and CRSsNP.
Genetic differences and individual’s sensitivity to bitter
taste may affect development of CRS and susceptibility to
infections. Immunochemical analyses using anti-
TAS2R38 antibodies showed statistically significantly
higher TAS2R38 expression in nasal mucosa of patients
with CRS in comparison to control subjects, as well as its
close correlation with the severity of LM score.36

The TAS2R38 bitter taste receptors are not only
expressed within the cilia of the respiratory epithelium
but they are also present on the extracellular membrane
of peripheral blood neutrophils, monocytes, and lympho-
cytes.37,38 TAS2R38 would act as an immune sentinel
active in detecting pathogens, in modulating immune
mechanisms and in regulating the balance between com-
mensalism and pathogenicity of bacteria.

An SNP in the TAS2R38 gene has been recently
shown to correlate with Gram-negative sinusitis16: in par-
ticular, TAS2R38 AVI–AVI patients in which the receptor
is nonfunctional are more susceptible to Gram-negative
bacterial infections and have a higher prevalence of biofilm-
forming sinonasal bacteria.17,39 Gram-negative bacteria quo-
rum sensing molecules, such as N-(3-oxododecanoyl)-L-
homoserine lactone (AHL-12), activate TAS2R38 receptors
and PAV–PAV receptor responds to Pseudomonas quorum
sensing molecules more efficiently than PAV–AVI or AVI–
AVI in an in vitro study.15 These genotypic differences in
the bitter taste receptors that influences the response
toward bacterial infections may have a crucial impor-
tance, particularly in PCD patients, who are already
prone to recurrent respiratory infections because of
deficient–absent mucociliary clearance as a protective
mechanism.

In the present study, genotyping of TAS2R38 poly-
morphisms in PCD patients demonstrated a distribution
of prevalence comparable to the literature data, showing
that in Caucasian populations the known distribution of
PAV–PAV, PAV–AVI, and AVI–AVI genotypes is approxi-
mately 20%, 50%, and 30%, respectively.40

The AVI–AVI genotype turns out to be more preva-
lent among CRSwNP than in CRSsNP patients. PAV–
AVI and AVI–AVI patients previously underwent more
frequent sinus surgery than PAV–PAV subjects and
showed higher SNOT-22 and CCG scores than PAV–PAV,
thus demonstrating that these genotypes are associated
with more severe CRS.

The whole group of AVI–AVI patients had more than
two exacerbations–year and underwent more frequent
Gram-negative infections and PA colonization than PAV–
PAV, demonstrating that PAV–PAV genotype might be
protective against Gram-negative infections, in agree-
ment with previous studies.15,16

A limitation of our study is the small number of
patients that were able to recruit; failure to correlate
sinus disease severity with PCD features (ciliary ultra-
structure, nasal nitric oxide, and genotype) also likely
reflects our small sample size. Another limitation of our
study is the lack of a control group. Nevertheless, it can
be considered that PCD is a rare disease. Thus, only
large-scale, multicenter studies may allow further
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information on the possible correlations between clinical
features of CRS and phenotypes–genotypes of PCD.

CONCLUSION
Our study emphasizes the need for better stratifica-

tion of patients with PCD that could allow direct efforts
and intensive care toward individuals that require more
intensive treatments.
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