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Changes of Motile Ciliary Phenotype
in Patients with Primary Ciliopathies
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Matus Igaz, Tomas Buday , and Jana Plevkova

Abstract

Primary ciliopathies are a group of disorders
associated with abnormal formation and func-
tion of primary cilia. Many cilia-associated
proteins found in primary cilia are also present
in motile cilia. Such proteins are important for
the ciliary base, such as the transition zone or
basal bodies, and the intraflagellar transport.
Their exact role in the respiratory motile cilia
is unsettled. In this prospective clinical single-
center study, we investigated the hypothesis
that these proteins regulate the function of
motile cilia. We addressed the issue by defin-
ing the motile cilia beat frequency in the respi-
ratory tract of patients with primary
ciliopathies accompanied by chronic kidney
disease and comparing it in those without kid-
ney involvement. Ciliary beat frequency in the
nasal mucosa samples was evaluated by the
ciliary analysis software LabVIEW. Both chil-
dren and their parents with primary
ciliopathies and kidney involvement had

significantly lower median airway ciliary beat
frequencies than those without kidney involve-
ment who have normal ciliary motility. Fur-
ther, the ciliary beat frequency is inversely
associated with the serum creatinine level.
These findings strongly suggest that kidney
involvement in patients with primary
ciliopathy may underlie the development of
motile cilia dysfunction in the respiratory
tract, potentially increasing respiratory
morbidity.
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1 Introduction

Cilia play a vital part in human physiology. They
are divided into two main types. Motile cilia are
found in the respiratory tract, ventricles of the
central nervous system, and the middle ear.
These cilia have a rhythmic beating motion and,
for instance, in the respiratory tract, they are an
important component of the airway defense by
sweeping mucous out of the lungs (Kempeneers
and Chilvers 2018). Primary cilia are nonmotile
and typically appear on the apical surface of most
eukaryotic cells as microtubule-based organelles
covered with the plasma membrane. These cilia
lack the two central microtubule singlets
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characteristic of motile cilia. Primary cilia play an
essential role for chemosensory (Bloodgood
2010), mechanosensory, for instance, detecting
luminal flow in renal tubules, biliary ducts, and
vessels (Nauli et al. 2003), and photosensory
retinal functions (Senior et al. 1961). Primary
ciliopathies are a group of disorders associated
with abnormal formation and function of primary
cilia. The clinical phenotypes of ciliopathy are
diverse. A common feature of some primary
ciliopathies is a variable extent of kidney damage
or cyst formation (Braun and Hildebrandt 2017).
Typical extra-renal manifestations include
hepatic cysts and fibrosis (Schueler et al. 2015),
retinal degeneration (Senior et al. 1961), skeletal
deformities, dysmorphic facial features
(Sensenbrenner et al. 1975), laterality defects,
and congenital heart defects (Otto et al. 2003).
Respiratory manifestations of primary
ciliopathies like bronchiectasis, respiratory infec-
tion, or lung cysts are rare and their exact cause is
unclear (Ibrahim and Rasoul 2015; Driscoll et al.
2008). Nonetheless, the respiratory tract is quite
often affected by the disturbance of motile cilia
manifest by impaired function of mucociliary
clearance. The ciliary beating is coordinated in
metachronal waves. It is a complex process that
requires intertwined molecular interactions
influenced by intracellular Ca2+ content and pH
change, and protein kinase activation (Joskova
et al. 2020; Marusiakova et al. 2020; Bayless
et al. 2019; Duricek et al. 2019). Many cilia-
associated proteins found in primary cilia are
also present in motile cilia. Yet it is unclear to
what extent proteins forming the ciliary basal
body and the transition zone, and those engaged
in the intraflagellar transport, could be concur-
rently affected in both types of cilia. Therefore,
this study aims to evaluate the ciliary beat fre-
quency (CBF) of the airway motile cilia in
patients with a primary ciliopathy in an organ

distal to the respiratory tract. We investigated
the hypothesis that the airway CBF could be
affected in primary ciliopathies involving
kidneys, which would manifest in reduced airway
mucus clearance. We addressed the issue by
investigating the pediatric and adult (children’s
parents) patients with primary ciliopathies affect-
ing kidneys.

2 Methods

2.1 Study Design and Population

This is a prospective clinical single-center study.
We had four groups of patients: two each of
children and adults with and without chronic kid-
ney diseases, CKD(+) and CKD(�), respectively.
Additionally, we had two groups of healthy
age-matched children and adults with no kidney
disease for the reference measurement of CBF.
The group stratification with basic demographic
data is shown in Table 1.

Inclusion criteria were the lack of acute respi-
ratory infections in the preceding 4 weeks, no
smoking, no allergy, and no use of
antihistamines. The degree of chronic kidney dis-
ease (CKD) in adults was evaluated according to
the National Kidney Foundation’s CKD Epidemi-
ology Collaboration (CKD-EPI) creatinine equa-
tion (Levey and Stevens 2010) and in children
according to the bedside Schwartz equation
(Schwartz and Work 2009). Basic demographic
data, detailed respiratory history, laboratory
indices data (plasma creatinine, urinalysis),
abdominal ultrasonography, echocardiography,
spirometry, and chest computer tomography
were obtained from medical records. Exclusion
criteria were adenoid hypertrophy, acute or
chronic infections, and anatomical deformities
identified during the ear-nose-throat examination.

Table 1 Stratification of study groups

Primary ciliopathy—children Primary ciliopathy—adults Healthy children Healthy adults

CKD(+) CKD(�) CKD(+) CKD(�) CKD(�) CKD(�)

n 3 16 3 5 43 21
Age (years) 14 (12–16) 9 (6–11) 54 (37–59) 37 (35–43) 10 (7–13) 42 (34–49)

Data are medians (IQR). CDK(+) chronic kidney disease, CKD(�) lack of chronic kidney disease, n number of subjects
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Other exclusion criteria were gastroesophageal
reflux disease, endocrine, metabolic, or
oncological diseases.

2.2 Investigations

Samples of ciliated epithelium in nasal mucosa
were obtained by a cytology brush (Cytobrush
plus, Medscand Medical; CooperSurgical, Inc.,
Trumbull, CT) and suspended in the Roswell
Park Memorial Institute (RPMI) 1640 medium.
The temperature was maintained at 20 �C. Motile
cilia were observed using a digital high-speed
video camera (Basler A504kc; Basler AG;
Ahrensburg, Germany) at a frame rate of 256–512
per sec. The camera was connected to an inverted
phase-contrast microscope (Zeiss Axio Vert. A1;
Carl Zeiss AG: Göttingen, Germany) and a com-
puter. Specimens were examined using a 40�
objective lens providing a magnification of 400�.
Video analysis was performed using cilia analysis
software (LabVIEW National Instruments Corp,
Austin, TX) (Hargaš et al. 2011). Each preparation
was evaluated for a maximum of 10 min, with
10 short video sequences recorded. The median
and range ofCBFwere provided. Only undisrupted
ciliated epithelia were analysed.

Genetic analysis was performed to confirm the
presence of primary ciliopathy using the next-
generation sequencing method using NextSeq
System (Illumina Inc., San Diego, CA). The
entire coding and splice-relevant regions of
genes were evaluated.

2.3 Statistical Analysis

Data were expressed as medians and interquartile
ranges (IQR). Differences were assessed using
Student’s t-test for unpaired samples. A p-value
<0.05 defined statistically significant changes.
The analysis was performed using a commercial
SYSTAT v11.0 package (Systat Software Inc.,
San Jose, CA).

3 Results

3.1 Airway Ciliary Beat Frequency
(CBF)—Motile Phenotype

The airway CBF in healthy children and their
adult parents without primary ciliopathy and
chronic kidney diseases was, on average, between
6 and 8 Hz and was alike in both groups as
detailed in Table 2. This value of CBF was
taken as a reference level for comparison to that
in patients with primary ciliopathies and chronic
kidney involvement. Children and their parents
with CKD had the median airway CBF, on aver-
age, between 4 and 5 Hz, which was a highly
significant decline compared to the patients with-
out CKD ( p < 0.001). There were no appreciable
differences in CBF between the two age groups of
patients in the presence or absence of CKD
(Table 3). The CBF in patients without CKD
was at the level of that present in the control
healthy subjects.

Table 2 Airway ciliary beat
frequency in healthy control
subjects without primary
ciliopathy and chronic kidney
diseases (CKD2)

CKD(�)

Ciliary beat frequency (Hz)

Children 6.7 (6.0–7.7)
Adults 6.2 (5.3–7.3)
p (children/adult) > 0.05
Creatinine (μmol/l)

Children 55 (47–66)
Adults 73 (67–79)
p (children/adult) 0.03

Data are medians (IQR)
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3.2 Respiratory Manifestations

Respiratory manifestations were seen in 100% of
children with CKD(+) and 6.3% of children with
CKD(�). Concerning the adult patients, respira-
tory manifestations were seen in 33.3% with
CKD(+) and in none with CKD(�). Patients
with nephronophthisis type I (NPHP type 1) did
not suffer from respiratory infections but had a
restrictive lung disorder and nonspecific nodules
up to 5 mm in diameter in the upper lobes of lung
parenchyma (segments: S10 bilateral and S6 in
the right lung). Overall, a restrictive lung disorder
was seen in 50% of patients with CKD. A
10-year-old boy with Sensenbrenner syndrome
(SBS) and low CBF had mild recurrent
rhinosinusitis. Two patients with autosomal
recessive polycystic kidney disease (ARPKD)
had recurrent rhinitis. One of them belonged to
the CKD(+) group and had a strongly decreased
lower CBF of 3.8 (3.2–6.0) Hz. Another CKD(+)
patient with the autosomal dominant polycystic
kidney disease (ADPKD) and a restrictive lung
disorder also had a low CBF of 3.8 (3.2–5.9)
Hz. Computer tomography of the lungs did not
detect bronchiectasis in the patients.

3.3 Genetic Analysis

The presence of primary kidney ciliopathy was
confirmed in the genetic analysis. We found that
patients with ADPKD commonly had a mutation
in the PKD1 gene (88.0%). We identified 6 new
pathogenic variants of this gene found in
11 patients (Table 4).

4 Discussion

This study demonstrates that patients with pri-
mary ciliopathies with developed CKD had
reduced ciliary beating frequency in the airway
mucosal cells. The most likely underlying reason
could be an impaired ciliary structure caused by
mutations of the genes encoding ciliary proteins
that are identical for both primary and motile
cilia. Several hypotheses of the origin of respira-
tory manifestations in patients with primary kid-
ney ciliopathies are presented in the literature.
One of them is a disorder of calcium homeostasis
leading to reduced cellular calcium signaling in
patients with polycystic kidney diseases. Calcium
plays a critical role in regulating CBF (Mangolini
et al. 2016; Nauli et al. 2003; Braiman and Priel
2001). Wu et al. (2009) have suggested that dam-
age to primary cilia in airway smooth muscle cells
could underlie motile cilia dysfunction. Bronchi-
ectases are frequently associated with irregular
bronchial wall thickness. Primary cilia of airway
smooth muscle cells may be mechanical pressure
sensors and play a role in cell migration, injury
repair, and possibly in ciliogenesis. Motile cili-
ated cells originate from primary ciliated cells.
When ciliogenesis is impaired, cilia exhibit slow
and dyskinetic motion (Jain et al. 2010). An unre-
solved question is whether the sensory function of
primary cilia is also present in motile cilia (Jain
et al. 2012).

The present findings are comparable to those
of Shoemark et al. (2015) who have found that
patients with Bardet-Biedl syndrome have normal
CBF. Likewise, Fliegauf et al. (2006) have found
that in the absence of nephrocystin, a molecular

Table 3 Airway ciliary beat frequency and serum creatinine level in patients with and without chronic kidney diseases,
CKD(+) and CKD(�), respectively

CKD (+) CKD (�) p

Ciliary beat frequency (Hz)

Children 4.0 (3.9–4.8) 6.8 (6.5–7.1) < 0.0001
Adults 4.9 (4.3–5.0) 6.9 (6.7–7.1) < 0.001
p (children/adult) 0.45 0.39
Creatinine (μmol/l)

Children 296 (225–299) 57 (47–78) 0.00003
Adults 216 (186–315) 62 (47–81) 0.003
p (children/adult) 0.43 0.39

Data are medians (IQR)
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Table 4 Pathogenic mutations in the PKD1 gene that encodes the protein polycystin-1 active in kidney primary cilia.
Individual subjects, renal and extrarenal manifestations, as well as the patients’ airway ciliary beat frequency (CBF) are
shown. New pathogenic mutations unraveled are bold out

Sex Mutation/gene
CBF
(Hz)

Renal
manifestations Extrarenal manifestations

F PKHD1 3.8 CKD G4, HT,
P

Hepatic cysts and fibrosis, respiratory
infections

M PKHD1 6.5 HT Hepatic cysts, respiratory infections
F PKHD1 7.1
F PKHD1 6.0 HT Hepatic fibrosis
F PKD1 c.2528C > G, p.(Ser843*)

exon 11
9.0

M PKD1 c.7525_7539dup, p.
(Val2509_Leu2513dup)

8.3

M PKD1 c.11425G > C, p.
(Gly3809_Arg)

8.7

F PKD1 7.0
M PKD1 c.3114delA, p.(Leu1039*) 7.0
M PKD1 c.3400_3401delArg(p.

Ser1134)
6.4

M PKD1 c.3400_3401delArg(p.
Ser1134)

6.9

F PKD1 c9683dupG, p.
(Leu3229Profs*24) exon 28

6.7

F PKD2 6.6
F PKD2 7.2
F PKD1 3.0 CKD G4, HT,

P
Hepatic cysts, restrictive lung disorder

F PKD1 4.9 CKD G3b,
HT, P

Hepatic cysts

M PKD1 5.0 CKD, G3a,
HT

M PKD1 c.3400_3401delAG(p.
Ser1134)

6.7 HT

M PKD1 7.1
F PKD2 6.2 HT, P Hepatic cysts
F PKD1 6.9
M PKD1 c.3114delA, p.(Leu1039*) 7.9
F NPHP1 (homozygote) 4.0 CKD G5, P,

HT, Tx
LVNC, nonspecific lung nodules, restrictive
lung disorder

M WDR35 c.1922 T > G, p.(Leu641*),
c.2522A > Tp.(Asp841Val)

5.6 CKD G3b,
HT, P

Foramen ovale, hypospadias,
Cranioectodermal dysplasia, respiratory
infections

M WDR35 c.1922 T > G, p.(Leu641*),
c.2522A > Tp.(Asp841Val)

6.5 Cranioectodermal dysplasia

M BBS9 6.7 Syndactyly, Hirschsprung disease,
hypogonadism

F OFD type I 6.5 Syndactyly, brachydactyly

CKD chronic kidney disease, Arg arginine, Asp aspartate, BBS Bardet-Biedl syndrome, Gly glycine, HT hypertension,
Leu leucine, LVNC left ventricular non-compaction cardiomyopathy, OFD type I orofaciodigital syndrome, P protein-
uria, Ser serine, Tx kidney transplantation, Val valine

Changes of Motile Ciliary Phenotype in Patients with Primary Ciliopathies 83



component of primary cilia, the structure of
motile cilia remains unaltered, and the CBF is
normal. The beating pattern may be slightly irreg-
ular, but the irregularity is not as severe as in
primary ciliary dyskinesia. Therefore, the pre-
sumption that proteins that regulate ciliary motion
would be damaged in patients with primary
ciliopathies is hardly tenable.

Ciliopathies are a heterogeneous group of
disorders. Phenotypic features are variable even
in patients with the same mutations. Walczak-
Sztulpa et al. (2017) have reported the
intrafamilial variability in patients with
Sensenbrenner syndrome with heterozygous
variants in the WDR35 gene. We observed two
female siblings with ciliopathies having different
phenotypic features (these two patients were not
included in the present study group; unpublished
observation). One girl had polycystic kidney dis-
ease. Her renal function was normal and the CBF
remained in the normal range of 7.2 (6.5–8.4)
Hz. The other girl had the CBF significantly
reduced down to the level of 1.1 (0–2) Hz charac-
teristic of primary ciliary dyskinesia. This girl had
a normal renal function and no cystic kidney
formations but suffered from recurrent respiratory
infections. The plausibility is that the siblings had
different clinical manifestations of the same cilia-
elated disorder. However, the varied expression
of relevant genes or genetic mutations (“genetic
load”) that can modulate clinical manifestation
cannot be excluded (Arts and Knoers 2013;
Bredrup et al. 2011).

It is generally known that patients with CKD
are more likely to experience respiratory
manifestations (Pierson 2006). A cross-sectional
study of Kucur et al. (2016) who used saccharin
tests suggests that chronic kidney failure is a risk
for respiratory mucociliary dysfunction.
According to that study, nasal mucociliary clear-
ance time is significantly greater in patients with
CKD than in healthy control individuals. No stud-
ies have yet directly evaluated the respiratory
CBF in patients with kidney failure. There are
several potential mechanisms of damage to respi-
ratory cilia in this condition like free oxygen
radicals or uremic toxins, endothelial dysfunction
and vasoconstriction with reduced blood flow,

decreased periciliary fluid flow, or increased
mucus viscosity with electrolyte imbalance
(Uluyol et al. 2016). The design of the present
study did not make it possible to distinguish the
exact molecular mechanism of respiratory cilia
dysfunction. Yet we believe we have shown that
motile cilia in the airways of patients with CKD
are defunct as expressed by significantly reduced
CBF. Further, we submit that genetic factors and
disturbed body homeostasis in CKD may impair
mucociliary transport function in the airways of
patients with primary ciliopathies.

Conflicts of Interest The authors declare no conflicts of
interest in relation to this study.

Ethical Approval All procedures performed in studies
involving human participants were in accord with the
ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki declaration
and its later amendments or comparable ethical standards.

Informed Consent Informed consent was obtained from
all individual participants included in the study.

References

Arts HH, Knoers NV (2013) Current insights into renal
ciliopathies: what can genetics teach us? Pediatr
Nephrol 28(6):863–874

Bayless BA, Navarro FM, Winey M (2019) Motile cilia:
innovation and insight from ciliate model organisms.
Front Cell Dev Biol 7:265

Bloodgood RA (2010) Sensory reception is an attribute of
both primary cilia and motile cilia. J Cell Sci 123
(pt 4):505–509

Braiman A, Priel Z (2001) Intracellular stores maintain
stable cytosolic Ca2+ gradients in epithelial cells by
active Ca2+ redistribution. Cell Calcium 30
(6):361–371

Braun DA, Hildebrandt F (2017) Ciliopathies. Cold Spring
Harb Perspect Biol 9(3):a028191

Bredrup C, Saunier S, Oud MM et al (2011) Ciliopathies
with skeletal anomalies and renal insufficiency due to
mutations in the IFT-A gene WDR19. Am J Hum
Genet 89(5):634–643

Driscoll JA, Bhalla S, Liapis H, Ibricevic A, Brody SL
(2008) Autosomal dominant polycystic kidney disease
is associated with an increased prevalence of radio-
graphic bronchiectasis. Chest 133(5):1181–1188

Duricek M, Banovcin P, Halickova T, Hyrdel R, Kollarik
M (2019) Acidic pharyngeal reflux does not correlate
with symptoms and laryngeal injury attributed to

84 M. Brndiarova et al.



laryngopharyngeal reflux. Dig Dis Sci 64
(5):1270–1280

Fliegauf M, Horvath J, von Schnakenburg C, Olbrich H,
MüllerD, Thumfart J, SchermerB, PazourGJ, Neumann
HP, Zentgraf H, Benzing T, Omran H (2006)
Nephrocystin specifically localizes to the transition
zone of renal and respiratory cilia and photoreceptor
connecting cilia. J Am Soc Nephrol 17(9):2424–2433

Hargaš L, Koniar D, Štofan S (2011) Sophisticated bio-
medical tissue measurement using image analysis and
virtual instrumentation. In: Folea S (ed) Practical
applications and solutions using LabVIEW™ Soft-
ware. InTech, Rijeka, pp 155–180

IbrahimWH, Rasoul FA (2015) Pulmonary manifestations
of adult polycystic kidney disease: case report and
literature review. Ibnosina J Med Biomed Sci 7
(5):169–172

Jain R, Pan J, Driscoll JA, Wisner JW, Huang T, Gunsten
SP, You Y, Brody SL (2010) Temporal relationship
between primary and motile ciliogenesis in airway epi-
thelial cells. Am J Respir Cell Mol Biol 43(6):731–739

Jain R, Javidan-Nejad C, Alexander-Brett J, Horani A,
Cabellon MC, Walter MJ, Brody SL (2012) Sensory
functions of motile cilia and implication for bronchiec-
tasis. Front Biosci (Schol Ed) 4:1088–1099

Joskova M, Durdik P, Sutovska M, Grendar M, Koniar D,
Hargas L, Banovcin P, Franova S (2020) Negative
impact of anesthesia with midazolam, sufentanil, and
propofol used in pediatric flexible bronchoscopy on the
tracheal ciliary beat frequency in guinea pigs. J
Pharmacol Sci 142(4):165–171

Kempeneers C, Chilvers MA (2018) To beat, or not to
beat, that is question! The spectrum of ciliopathies.
Pediatr Pulmonol 53(8):1122–1129

Kucur C, Ozbay I, Gulcan E, Kulekci S, Aksoy S, Oghan F
(2016) Evaluation of nasal mucociliary activity in
patients with chronic renal failure. Eur Arch Otorhino-
laryngol 273(5):1167–1171

Levey AS, Stevens LA (2010) Estimating GFR using the
CKD epidemiology collaboration (CKD-EPI) creati-
nine equation: more accurate GFR estimates, lower
CKD prevalence estimates, and better risk predictions.
Am J Kidney Dis 55(4):622–627

Mangolini A, de Stephanis L, Aguiari G (2016) Role of
calcium in polycystic kidney disease: from signaling to
pathology. World J Nephrol 5(1):76–83

Marusiakova L, Durdik P, Jesenak M, Bugova G,
Kvassayova J, Oppova D, Banovcin P (2020) Ciliary
beat frequency in children with adenoid hypertrophy.
Pediatr Pulmonol 55(3):666–673

Nauli SM, Alenghat FJ, Luo Y, Williams E, Vassilev P,
Li X, Elia AE, Lu W, Brown EM, Quinn SJ, Ingber
DE, Zhou J (2003) Polycystins 1 and 2 mediate
mechanosensation in the primary cilium of kidney
cells. Nat Genet 33(2):129–137

Otto EA, Schermer B, Obara T et al (2003) Mutations in
INVS encoding inversion cause nephronophthisis type
2, linking renal cystic disease to the function of pri-
mary cilia and left-right axis determination. Nat Genet
34(4):413–420

Pierson JD (2006) Respiratory considerations in the
patient with renal failure. Respir Care 51(4):413–422

Schueler M, Braun DA, Chandrasekar G et al (2015)
DCDC2 mutations cause a renal-hepatic ciliopathy by
disrupting Wnt signaling. Am J Hum Genet 96
(1):81–92

Schwartz GJ, Work DF (2009) Measurement and estima-
tion of GFR in children and adolescents. J Am Soc
Nephrol 4(11):1832–1643

Senior B, Friedmann AI, Braudo JL (1961) Juvenile famil-
ial nephropathy with tapetoretinal degeneration: a new
oculorenal dystrophy. Am J Ophthalmol 52:625–633

Sensenbrenner JA, Dorst JP, Owens RP (1975) New syn-
drome of skeletal, dental and hair anomalies. Birth
Defects Orig Artic Ser 11(2):372–379

Shoemark A, Dixon M, Beales PL, Hogg CL (2015)
Bardet Biedl syndrome: motile ciliary phenotype.
Chest 147(3):764–770

Uluyol S, ALP A, Kilicaslan S, Gur MH (2016) Nasal
mucociliary clearance in chronic renal failure: compar-
ison of pre-dialysis and dialysis stages. Tepecik Eğit
Hast Derg 26:197–200

Walczak-Sztulpa J, Wawrocka A, Sobierajewicz A,
Kuszel L, Zawadzki J, Grenda R, Swiader-Lesniak A,
Kocyla-Karczmarewicz B, Wnuk A, Latos-Bielenska-
A, Chrzanowska KH (2017) Intrafamilial phenotypic
variability in a Polish family with Sensenbrenner syn-
drome and biallelic WDR35 mutations. Am J Med
Genet A 173(5):1364–1368

Wu J, Du H, Wang X, Mei CH, Sieck GC, Qian Q (2009)
Characterization of primary cilia in human airway
smooth muscle cells. Chest 136(2):561–570

Changes of Motile Ciliary Phenotype in Patients with Primary Ciliopathies 85


	Changes of Motile Ciliary Phenotype in Patients with Primary Ciliopathies
	1 Introduction
	2 Methods
	2.1 Study Design and Population
	2.2 Investigations
	2.3 Statistical Analysis

	3 Results
	3.1 Airway Ciliary Beat Frequency (CBF)-Motile Phenotype
	3.2 Respiratory Manifestations
	3.3 Genetic Analysis

	4 Discussion
	References


