Original article Arch Argent Pediatr. 2026;6202510814

Primary ciliary dyskinesia: Clinical and tomographic
characterization using a combined diagnostic approach
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ABSTRACT

Introduction. Primary ciliary dyskinesia (PCD) is a clinically heterogeneous condition that is difficult
to diagnose. This study aimed to describe the clinical and imaging characteristics and the results of
diagnostic tests in patients with suspected PCD, by implementing an unvalidated diagnostic strategy
that combines screening questionnaires, nasal nitric oxide (nNO), high-speed videomicroscopy (HSVM),
and genetic analysis.

Population and methods. A cross-sectional observational study that included all patients referred for
clinically suspected PCD between 2022 and 2025. Diagnostic tests: nNOn, HSVM, and genetic testing.
Two clinical questionnaires were used to screen for PCD.

Results. A total of 110 patients referred for suspected PCD were evaluated and classified into three
groups: highly likely PCD (52 cases), highly unlikely PCD (54 cases), and indeterminate (4 cases). The
diagnosis of PCD was made at a median age of 8.8 years. Most patients showed pulmonary involvement
on their CT scans. Using the proposed diagnostic algorithm, PCD was highly unlikely in 49% of the
referred cases.

Conclusion. The age at diagnosis for patients with a high suspicion of PCD in our country was later
than in other countries. At the time of diagnosis, the patients presented with lung damage confirmed by
chest CT scans.

Diagnosing PCD is a challenge in resource-limited countries. The initial approach combines screening
questionnaires, nNO, and HSVM, and avoids genetic testing when a diagnosis of PCD is highly unlikely.
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INTRODUCTION

Primary ciliary dyskinesia (PCD) is a clinically
heterogeneous disorder with a predominantly
autosomal recessive inheritance pattern.’?Its
estimated incidence ranges from 1 in 7500 to 1
in 20 000 live births.># It was initially described as
Kartagener syndrome?® due to its triad of sinusitis,
bronchiectasis, and situs inversus. Subsequently,
it was termed immotile cilia disease®and was
finally precisely defined as PCD.”

It is characterized by an abnormal ciliary
movement pattern, which may be immobile
or dyskinetic. It affects organs containing
cilia; the lungs are responsible for the highest
rates of morbidity and mortality. Impaired
mucociliary clearance leads to a buildup of
secretions, which promotes infections and the
development of atelectasis and bronchiectasis.
If not treated appropriately, over the years, there
is a progressive decline in spirometric values and
irreversible lung damage. In turn, the presence
of chronic sinusitis, recurrent otitis media, organ
lateralization defects, and infertility are common
extrapulmonary manifestations.®

Currently, the diagnosis of PCD is complex.
Diagnostic guidelines®' recommend the use of
screening questionnaires and a combination of
various tests: nitric oxide nasal (nNO), high-speed
videomicroscopy (HSVM), immunofluorescence,
electron microscopy (EM), and genetic testing.
EM and genetic testing are considered the
gold standard tests; however, they can confirm
the diagnosis in only 60% to 70% of cases."?
Approximately 700 proteins are involved in cilia
biogenesis and ultrastructure, which are encoded
by more than 50 genes." This explains the clinical
heterogeneity and the inherent difficulties in
diagnosis.™

Early diagnosis is essential for delaying lung
damage and reducing the risk of a poor quality
of life."® There are very few centers in Argentina
with the infrastructure to evaluate patients
with suspected PCD, and access to diagnostic
methods is limited. Unfortunately, there are no
published data in our country regarding age at
diagnosis or clinical characteristics at the time of
diagnosis.

The objective of the study was to describe
the clinical and imaging characteristics, as well
as the results of diagnostic tests, in patients with
suspected PCD who underwent an unvalidated
diagnostic strategy combining screening
questionnaires, NNOn, HSVM, and genetic tests.
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POPULATION AND METHODS
Design

Cross-sectional observational study. The study
included patients of any age who were referred for
suspected PCD and seen between June 2022 and
February 2025 at the Ciliary Motility Laboratory of
the Hospital de Nifios Ricardo Gutiérrez. Subjects
with a respiratory infection within 14 days before
evaluation were excluded, as this could alter
the results of the tests (nNO and HSVM). The
project was approved by the Research Ethics
Committee at the Hospital de Nifios Ricardo
Gutiérrez. A structured form was designed
on the REDCap platform for data collection.
Demographic variables, clinical variables, results
of complementary studies, and bacteriological
variables were recorded (colonization was
defined as the presence of at least two cultures
positive for Pseudomonas aeruginosa [PAE]).®
Two screening questionnaires were used: the
ATS-CSQ (American Thoracic Society Clinical
Screening Questionnaire)' and the PICADAR
(Primary Ciliary Dyskinesia Rule questionnaire),'®
(Supplementary Material 1). The description of the
CT findings was performed by the investigators,
who were not blinded to the participants’ medical
history, and was standardized using a specifically
designed form, adapted from the work of
Dettmer et al.™

The determination of nNO was performed
only in subjects aged over 5 years using an Eco
Medics CLD 88 chemiluminescence analyzer
in accordance with international standards.?®
An nNO flow rate of less than 77 nl/min was
considered pathological.

Using HSVM, the ciliary beating pattern was
evaluated in a sample of respiratory epithelial
cells from the inferior turbinate region. The
evaluation of the ciliary movement pattern was
performed by two observers, one of whom was
blinded to the questionnaire results and the
patient’s clinical and tomographic characteristics.
Ciliary beating was considered pathological
in the presence of a static, rigid, circular, or
uncoordinated pattern.?! Details of the method are
provided in Supplementary Material 1.

For the sequencing study, DNA was isolated
from index cases using 5 mL of peripheral blood
anticoagulated with ethylenediaminetetraacetic
acid (EDTA). The samples were sent to the
University of Mlinster, Germany, for analysis
of a panel of 40 PCD genes (Supplementary
Material 1) or to the Genomics Laboratory
of the Translational Medicine Department at



Hospital de Nifios Ricardo Gutiérrez (Exome
2.0 Plus Comprehensive Exome Spike-in Twist,
on a NextSeq 500 system, Illumina). Given the
difficulties and limitations in accessing genetic
testing, priority was given to performing it in
undiagnosed cases and in all cases where access
to such testing was possible. Confirmed PCD
was defined as a genetic study showing two
pathogenic variants (PV) or a combination of one
PV and one probably pathogenic variant (PPV) or
two PPVs in the same gene (in a homozygous or
compound heterozygous state).??

Patients referred with suspected PCD were
classified into 3 groups:

1. Highly likely PCD (PCD+):

* Age 25 years: pathological NNO and HSVM
(both studies confirmed by duplicate
testing).

« Age <5 years: pathological HSVM
(confirmed by duplicate testing).

* Patients with 2 variants of uncertain
significance (VUS) or one pathogenic
variant (PV) or one probably pathogenic
variant (PPV) and one VUS, and
pathological HSVM.

Since there were few patients with confirmed
PCD, they were included in the analysis as part
of the highly likely PCD group.

2. Highly unlikely PCD (PCD-):

* Normal nNO and HSVM or only normal

HSVM in patients under 5 years of age.
3. Undefined PCD:

* Normal or decrease nNO, and HSVM
with minimal abnormalities or normal
findings, along with a clinical questionnaire
indicating a high probability of PCD (ATS
=2 or PICADAR =5) and pending genetic
test results.

The age at diagnosis was defined as the age
at the time of the second pathological test; in
cases of uncertainty, it was defined as the age at
the time the genetic test results were received.

Statistical analysis

Qualitative variables were reported
as absolute numbers and percentages, and
quantitative variables were reported as the mean
and standard deviation or the median and 25™-
75th percentile range (IQR), depending on the
variable’s distribution. A sample size of at least
50 clinically suspected cases was calculated for
an expected confirmation rate of 50%, with a 95%
confidence interval and a 10% semi-width of the
confidence interval.

Original article / Arch Argent Pediatr. 2026;e202510814

To compare categorical variables, the chi-
square test or Fisher’s exact test was used.
To compare numerical variables between two
groups, Student’s t-test or the Mann-Whitney
U test was used; to compare numerical variables
between three groups, ANOVA or the Kruskal-
Wallis test was used. P-values <0.05 were
considered statistically significant.

STATA Version 16.1 (Stata Corp, USA) was
used.

Ethical considerations

This study was approved by the Teaching
and Research Committee and the Research
Ethics Committee of the Hospital de Nifios
Ricardo Gutiérrez (registration code 6864).
Written informed consent/assent was obtained.

RESULTS

A total of 110 patients referred due to clinical
suspicion of PCD were evaluated. Fifty-six
percent were from the Buenos Aires Metropolitan
Area (AMBA), and 43% were from the rest of the
country. The median age at presentation was
9 years (IQR 4.6-14). Of the patients evaluated,
52 cases were highly likely PCD (47%); 54 cases
were highly unlikely PCD (49%); and 4 cases
(4%) remained undetermined (Figure 1). Table 1
describes the demographic characteristics of the
included patients.

The diagnosis of PCD was made at a median
age of 8.8 years (IQR 2.8-11.9; range: 3 months
to 39 years). When considering only patients with
organ lateralization defects, the median age at
diagnosis was 4.2 years (IQR 1-11), whereas
in those without situs inversus, it was 10.5 years
(IQR 7.8-16).

In the group over the age of 5, 92% of patients
with a high suspicion of PCD had low nNO flow
rates, while 9.5% of the PCD (-) group had
persistently low flows (Table 2). Regarding
the ciliary beating pattern, cases with a high
probability of PCD presented the following: 58%
had an immotile pattern, 24% had a rigid pattern,
2% had an uncoordinated pattern, and 16% had
normal movement. Genetic testing was performed
on 23 of 52 patients with a high suspicion of PCD,
and the diagnosis was confirmed in 9 cases
(39%). The most frequently identified gene was
DNAHS. Table 3 details the findings of genetic,
HSVM, nNO, and the presence of lateralization.

The clinical characteristics are compared
in Table 2. Regarding the U.S. screening
questionnaire, 94% of subjects with highly likely



Ficure 1. Flowchart
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Patients referred with suspected primary ciliary dyskinesia (PCD)
n=110

The study is explained, and patients are invited to participate.
Sign the informed consent form, as applicable.
Eligibility criteria are assessed.

STEP 2

Completion of the data form

Completion of the questionnaires: ATS-CSQ and PICADAR

Nasal nitric oxide (nNO) measurement (only for children aged 5 and older)
High-speed videomicroscopy (HSVM)

‘ﬁ

Highly probable PCD in children
under 5 years of age:
[ Pathological HSVM in
two measurements
[ Genetic testing revealed
2 VUS variants, or 1 PV
and 1PP, and pathological
HSVM values

Undefined PCD:

[J Questionnaires: ATS-CSQ
at least 2 of 4 criteria and/or
PICARD 25 points

0 nNO > 0 <77 nl/min
Non-conclusive HSVM

Highly probable PCD
in >5 years:
nNO flow <77 nl/min in
two measurements
1 Pathological HSVM in
two measurements
Genetic testing showing 2 VUS
variants, or 1 PV variant,
or 1 PP variant, and one VUS

Awaiting genetic test results

PCD highly unlikely:
['nNO flow 277 nl/min
Normal HSVM

|

n=52

=

Patients with a positive genetic test result (confirmed PCD) were included in the “highly probable PCD* group for the analysis, n = 9

PV: pathogenic variant, PP: probably pathogenic, VUS: variant of uncertain significance.

PCD and 22% of the PCD (-) group met two or
more criteria. A score of 25 on the PICADAR
questionnaire was obtained in 90% of PCD (+)
cases and 28% of PCD (-) cases.

The most frequently isolated pathogen in
sputum cultures from patients with high suspicion
of PCD was Haemophilus influenzae. Figure 2

TasLE 1. Demographic characteristics of patients

shows the frequency of the isolated pathogens.
Thirty-four percent of individuals with PCD (+)
had PAE isolated at some point. The median age
at the time of the first isolation was 11 years (IQR
3—15 years); six patients were colonized, all of
whom were over 13 years of age.

The most common findings on chest CT scans

PCD (+) PCD (-) Undefined

n =52 n =54 n=4
Age at presentation, years*® 9 (4-17) 9.5 (6.5-12.5) 6.8 (5.5-8)
Female, n (%) 26 (50) 22 (41) 2 (50)
Gestational age, weeks* 39 (38-40) 38 (37-40) 38 (37-40)
Birth weight, grams** 3212 (469) 3200 (640) 3268 (450)
Admission to NICU, n (%) 36 (69) 13 (24) 1 (25)
Need for oxygen, n (%) 33 (63) 13 (24) 1(25)
Need for MV or CPAP, n (%) 21 (40) 9(17) 1 (25)
Consanguinity, n (%) 3(6) 0 (0) 0 (0)
History of infertility, n (%)*** 2 (4) 2 (4) 1 (25)

*Median and 25-75% CI.
**Mean and standard deviation.

***Personal or family history of infertility, ectopic pregnancies, or miscarriages.
PCD (+): highly likely primary ciliary dyskinesia; PCD (-): highly unlikely primary ciliary dyskinesia; NICU: neonatal intensive care
unit; MV: mechanical ventilation; CPAP: continuous positive airway pressure.
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Ficure 2. Microorganisms cultured from sputum samples of patients with highly likely primary ciliary

dyskinesia

Stenotrophomonas maltophilla =R 4

Candida 1 4
Aspergillus mm 6

Methicillin-resistant Staphylococcus aureus i 11

Streptococcus pneumoniac — ) 13,4

Moraxella catarrhalis I 15

Methicillin-sensitive Staphylococcus aureus I 23

Pseudomonas aeruginosa N 34

Normal flora I /0
Haemophilus influenzae I 48

0 10

in subjects with a high probability of PCD were
mucus plugs, bronchiectasis, and atelectasis,
which most commonly affected the lower lobes,
lingula, and middle lobes (Table 4).

DISCUSSION
This study reports the age at diagnosis and
the clinical, imaging, bacteriological, and genetic

20 30 40 50 60
Percentage

characteristics of Argentine patients with a high
index of suspicion for PCD. Pathogenic and
likely pathogenic genetic variants in individuals
with PCD were described for the first time in our
setting.

In Europe, the average age at diagnosis is
5.3 years, and 5.8 years in individuals without
lateralization defects.'>?®In our study, the age at

TasLe 2. Clinical characteristics of patients with highly likely PCD (PCD+) and patients with highly unlikely

PCD (PCD-)

PCD (+) PCD (-) p-value

N =52 N =54
nNO flow, nl/min* 10.5 (4-22) 120 (85-156) <0.0001

n (%) n (%) n (%)

Nenonatal respiratory distress 38 (73) 7 (13) <0.0001
Persistent rhinitis** 40 (81) 16 (30) <0.0001
Persistent wet cough** 47 (90) 12 (23) <0.0001
Lateralization defects 30 (57) 6 (11) <0.0001
Hydrocephalus 1(3) 0 (0) NS
Recurrent otitis media 18 (35) 12 (22) NS
Tympanic tubes 5(9) 0 (0) NS
History of recurrent pneumonia 24 (46) 26 (49) NS
History of recurrent bronchitis 38 (73) 24 (45) NS
Asthma unresponsive to treatment 27 (52) 8 (15) <0.0001
Congenital heart disease 6 (11) 7 (13) NS
ATS-CSQ questionnaire. =2 criteria 49 (94) 12 (22) <0.0001
ATS-CSQ questionnaire. <2 criteria 3(6) 44 (42) <0.0001
PICADAR questionnaire =5 points 47 (90) 15 (28) <0.0001
PICADAR questionnaire <4 points 5 (10) 39 (72) <0.0001
ATS 22 and PICADAR 25 questionnaires 46 (88) 8 (15) <0.0001

*Median and interquartile range 25-75.
**Onset before 6 months of age.

ATS-CSQ: American Thoracic Society Clinical Screening Questionnaire, PICADAR: Primary Ciliary Dyskinesia Rule
Questionnaire, NS: not significant, nNO: nasal nitric oxide, PCD (+): highly likely primary ciliary dyskinesia,

PCD (-): highly unlikely primary ciliary dyskinesia.
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TasLE 3. Genetic findings, organ laterality defects, nasal nitric oxide levels, and ciliary beating patterns in
patients with highly likely primary ciliary dyskinesia and confirmed primary ciliary dyskinesia (shaded in
gray)

Subject Genes cDNA variant, Genotype ACMG Type of SIT nNO Ciliary beating
protein variant classification mutation (nl/min) pattern

. P (PVS1,
:y—%:%fc:;%; Heterocygous PM3_strong, Nonsense
iSRS NM_UG1369- ;-8;:5“ T:hpnz(ﬁ%g’ : F hift ves  NA mmotiie
3IC rames
! ' Het '
NP _001360.1p (Asp2796llefs*10) o 09" PM2 supp) del.
) PP (PM3,
5  DNAH5 PF':"F'?(—PS:,'%") No <33 Immotile
NM_001369.3.c 8010+3A>G,  Heterocygous  PP3_mod, PP4,  Splicing
NP_001360.1:p.(?) P2, supp)
NM_001369.3:c.8311C>T, VUS (PM3 )
— ! Heterocygous ! M
4 onars  NP-001360.1:p.(Arg2771Cys) Y9 PM2_supp) el No <77 Normal
NM_001369.3:¢.8497C>T, Heterocygous PP (PMS, PM3, I
NP_001360.1:p.(Arg2833Cys) PP3, PM2_supp)
NM_001369.3:¢.12379C>T, i
— " e Heterocygous VUS (PM2_suj Missense
7 DNAHS NP_001360.1:p.(Argd127Cys) ( _Supp) Yes <77 Very subt.le
NM_001369.3:c.13601A>G, abnormality

Heterocygous VUS (PM2_supp) Missense

NP_001360.1:p.(Tyr4534Cys)

) VUS (PP3_mod
NM_130810.4:c 229A>G —mod, i .
e i . Y
14 DNAAF4 NP 570722 2'p (Lys77Glu) Homotygous PMgﬁsau;g)ﬁ%P4' Missense es <33 Immotile
NM_130810.4:c.523dup, PP (PVST, Frameshift
NP_570722.2:p.(lle175Asnfs*15)  Heterocygous  pyo gypp) dup. v
es NA NA
15 DNAAFS M 130810.4:c220A5G, Hoterocygous gﬂg g’ﬁ-’g‘;‘i N
NP_570722.2:p.(Lys77Glu) 3. BPY)
NM_178452.6:c.715del, Heterocygous PP Frameshift
NP_848547 4:p (Ser239Alafs*12) (PVS1,PM2_supp) del. No .
16 DNAAFT M 178452 6:c 811C>T, et P(PVST,PM3, <33 Immotile
NP_848547.4:p (Arg271%) €lerocygous  pp2_supp)
NM_001277115.2:¢.11929G>T, Hoterocygous P (PVST, PM3, Moerien
17 DNy NP_001264044.1p.(Glu3977%) PM2_supp) Yes  NA Immotile
NM_001277115.2:c.8698C>T, Heteroovaous P (PVST, PM3, Nonsense
NP_001264044.1-p (Arg2900*) ¥9 PM2_supp)



NM_001369.3:c.8311C>T,

18 DNAHS  \p 001360 1-p (Arg2771Cys)

NM_130810.4:c.56T>A,
NP 570722.2:p.(Leu19GIn)

Homocygous (PM3_strong, Missense No ND
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VUS Very subtle

PM2_supp) abnormality

VUS (PM2_supp, Missense
PP4, BP1) Very subtle

19 DNAAF4 Hetemygodus Yes <33 apnormaliy
. compound - yys (PP3_mod,
NM_130810.4:c.229A>G, iyh et S
NP 570722.2:p.(LysT7Glu) F.m”%pﬁ,n ' ssense
PP (PVS1_mod,

NM_001270974.2:c.10368-2A>G,
NP _001257903.1:p.(?)

Heterocygous  PM3, FM2_supp, Splicing

FPP4)

20 HYDYN Posible delecion del exén 73 No <33 Normal

predicha a traves del analisis de Het PP (PVS1, CNV?

los datos de NGS con el algoritmo elerocygous PM2_supp) '

DECON.

NM_015512.5:c4739C>G, VUS (PM2_supp, .
o DNAH1 NP_056327 4-p (Ala1580Gly) Heterocygous BP1) Missense | - Rigid

o
NM_0013724:c.7151G=A, ’
DNAH9 NP 001363 2:p (Gly2384Glu) Heterocygous VUS (PM2_supp) Missense
. VUS (PP3_mod
NM_130810.4:c.229A>G — ’ :
_ v i | [

22 DNAAF4 NP 570722 2p (Lys77Glu) Heterocygous ngﬁq%u%pﬁ:%m" Missense No <133 mmotile

NM_001010892.3:c.811C=>T, VUS(PM2_supp,  Synonymous Very subtle
23 RSPHAA \pT0010108921p (Leu271=)  Heterocygous RP7) splicing? 0 Nomal apnormaiity

The genetic test was considered confirmatory in cases where two PV variants were present, or where there was a combination
of one PV and one PPV, or two PPV within the same gene (in a homozygous or compound heterozygous state).

ACMG: American College of Medical Genetics and Genomics; P: pathogenic; PP: probably pathogenic;

VUS: variant of uncertain significance; CNV: copy number variation;, NA: not available; NR: not reported in the literature;

SIT: situs inversus totalis; nNO: nasal nitric oxide (normal flow: >77 nl/min; low <77 nl/min; extremely low <33 nl/min);

del.: deletion; dup.: duplication.

diagnosis was later, particularly in patients without
situs inversus, at 10.5 years.

A later diagnosis has been reported in
countries with limited healthcare resources and
in individuals without lateralization disorders.?*2°

Most patients with a high index of suspicion
of PCD met two or more criteria on the U.S.
questionnaire and scored 5 or more points on
the PICADAR questionnaire. The combination of

both is extremely useful for clinically identifying
individuals suspected of having PCD so that
they can be referred early to a referral center for
evaluation.

Chest CT scans revealed pulmonary
involvement in most patients with a high index of
suspicion of PCD. These findings reflect impaired
mucociliary clearance. The most affected areas
of the lung were the lower and middle lobes

TasLE 4. Imaging findings in patients with highly likely PCD (PCD+) and highly unlikely PCD (PCD-)

CT findings PCD (+) PCD (-)
n=49 n=40
Percentage (n) Percentage (n)
Mucous plugs, “tree in bud” pattern 55 (27) 12 (5)
Bronchiectasis 49 (24) 52 (21)
Atelectasis 37 (18) 17 (7)
Ground-glass opacities 12 (6) 7(3)
Normal 4 (2) 22 (9)
Location of bronchiectasis Percentage (n) Percentage (n)
Right upper lobe 4 (2) 15 (6)
Left upper lobe 2(1) 12 (5)
Middle lobe 35 (17) 32 (13)
Lingula 20 (10) 25 (10)
Right lower lobe 26 (13) 32 (13)
Left lower lobe 26 (13) 45 (18)

CD: computed tomography.



and the lingula, while the upper lobes remained
unaffected. This distribution is characteristic of
PCD," with greater accumulation of secretions in
the lower areas due to inefficient ciliary beating
combined with gravity. Another way to quantify
lung involvement is through pulmonary function
tests. It was a limitation that we were unable to
evaluate this aspect. Furthermore, the study’s
cross-sectional design did not allow assessment
of disease progression or establishment of
associations between diagnostic delay and lung
damage.

The most frequently isolated pathogens in
respiratory secretion cultures from individuals
with PCD were Haemophilus influenzae,
Streptococcus pneumoniae, and Moraxella
catarrhalis. Our findings were similar to those
of other cohorts.?® However, the design of our
study may underestimate the actual number
of patients colonized with PAE. Chronic PAE
infection typically occurs in older patients, and its
association with a poorer clinical prognosis and
greater decline in lung function is not as evident
as in cystic fibrosis.'6?"

In the complex diagnosis of PCD, there are
differences between the U.S. and European
algorithms;'' the main difference is that the former
does not use HSVM. The determination of nNO
is universally recommended for children aged
5 years and older. Most of our patients with a
high index of suspicion of PCD had extremely
low values of nNO, which is consistent with
other studies.?® In our study, we implemented
an unvalidated diagnostic strategy, adapted to
our specific context, based on a combination of
both questionnaires search + nNO + HSVM by
duplicate. Given the limited resources available,
genetic testing was requested when the diagnosis
was unclear or when access to such testing was
feasible. Using this approach, PCD was deemed
highly unlikely in 49% of cases, thereby avoiding
the use of a more costly resource that is currently
difficult to access in our setting.

Another limitation of the study was the inability
to conduct genetic testing systematically. It
was performed on only 23 of the 110 patients
referred due to suspected PCD. This could result
in missed diagnoses in some cases or in the
misinterpretation of patients with a high suspicion
of PCD due to the strategy used. Patients with
cystic fibrosis and immunodeficiencies may also
present with low levels of nNO and abnormalities
in the ciliary beating. It is therefore essential
to rule out these diagnoses. We believe it is
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important to emphasize that, in cases of high
suspicion of PCD, priority should be given to
genetic testing to confirm the diagnosis.

The frequencies of the genes identified in
our population were similar to those reported
in other countries.?® Currently, according to
centers specializing in PCD, genetic testing
can confirm the diagnosis in 60% to 70% of
cases.'%%|n our study, the yield of genetic testing
was 39%. This may be due to the inability to
test parents of cases with two heterozygous
variants or patients with variants still classified
as of uncertain significance. Another limitation
was the inability to evaluate ciliary ultrastructure
to complement the diagnosis. EM requires a
complex infrastructure and expertise in sample
preparation and interpretation; 30% of patients
with PCD have a normal ultrastructure.®' Finally,
the use of immunofluorescence in conjunction
with other diagnostic tests is recommended.™
Although this is not a complex study, the cost of
the antibodies and the need for trained personnel
limited its implementation.

Diagnosing PCD is a challenge in countries
with limited resources allocated to rare diseases.
The initial approach combines clinical screening
questionnaires, nasal nitric oxide measurement,
and high-speed videomicroscopy and avoids
genetic testing when a diagnosis of PCD is highly
unlikely. It is necessary to establish collaborative
networks among centers to facilitate access to
genetic testing, EM, and immunofluorescence,
thereby enabling a more accurate diagnosis.

CONCLUSION

The age at diagnosis for patients with a high
index of suspicion of PCD in our country was later
compared to that in other countries. At the time of
diagnosis, most individuals showed lung damage
confirmed by chest CT scans. &

The supplementary material provided with this
article is presented as submitted by the authors.
It is available at: https://www.sap.org.ar/docs/
publicaciones/archivosarg/2026/10814_AQO_
Balinotti_Anexo.pdf

REFERENCES

1. Leigh MW, Horani A, Kinghorn B, O’Connor MG, Zariwala
MA, Knowles MR. Primary Ciliary Dyskinesia: A genetic
disorder of motile cilia. Transl Sci Rare Dis.2019;4(1-2):51-
75. doi: 10.3233/TRD-190036.

2. Paff T, Loges NT, Aprea |, Wu K, Bakey Z, Haarman
EG, et al. Mutations in PIH1D3 cause X-linked primary
ciliary dyskinesia with outer and inner dynein arm defects.
Am J Hum Genet. 2017;100(1):160-8. doi: 10.1016/j.


https://www.sap.org.ar/docs/publicaciones/archivosarg/2026/10814_AO_Balinotti_Anexo.pdf

10.

1.

12.

13.

14.

15.

16.

17.

ajhg.2016.11.019.

Shoemark A, Rubbo B, Legendre M, Fassad MR,
Haarman EG, Best S, et al. Topological data analysis
reveals genotype—phenotype relationships in primary
ciliary dyskinesia. Eur Respir J. 2021;58(2):2002359. doi:
10.1183/13993003.02359-2020.

Hannah WB, Seifert BA, Truty R, Zariwala MA, Ameel
K, Zhao Y, et al. The global prevalence and ethnic
heterogeneity of primary ciliary dyskinesia gene variants:
a genetic database analysis. Lancet Respir Med.
2022;10(5):459-68. doi: 10.1016/S2213-2600(21)00453-7.
Kartagener M. Zur pathogenese der bronkiectasien. Beitr
Klin Tuberk. 1933;83:489-501. doi: 10.1007/BF02141468.
Eliasson R, Mossberg B, Camner P, Afzelius BA. The
immotile-cilia syndrome. A congenital ciliary abnormality
as an etiologic factor in chronic airway infections and male
sterility. N Engl J Med.1977;297(1):1-6. doi: 10.1056/
NEJM197707072970101.

Berdon WE, Willi U. Situs inversus, bronchiectasis, and
sinusitis and its relation to immotile cilia: history of the
diseases and their discoverers-Manes Kartagenerand Bjorn
Afzelius. Pediatr Radiol. 2004;34(1):38-42. doi: 10.1007/
s00247-003-1072-9.

Lucas JS, Barbato A, Collins SA, Goutaki M, Behan L,
Caudri D, et al. European Respiratory Society guidelines
for the diagnosis of primary ciliary dyskinesia. Eur Respir
J. 2017;49(1):1601090. doi: 10.1183/13993003.01090-
2016.

Shapiro AJ, Davis SD, Polineni D, Manion M, Rosenfeld
M, Dell SD, et al. Diagnosis of Primary Ciliary Dyskinesia.
An Official American Thoracic Society Clinical Practice
Guideline. Am J Respir Crit Care Med. 2018;197(12):e24-
39. doi: 10.1164/rccm.201805-0819ST.

Shoemark A, Goutaki M, Kinghorn B, Ardura-Garcia C,
Baz-Redon N, Chilvers M, et al. European Respiratory
Society and American Thoracic Society guidelines for
the diagnosis of primary ciliary dyskinesia. Eur Respir J.
2025;66(6):2500745. doi: 10.1183/13993003.00745-2025.
Shoemark A, Dell S, Shapiro A, Lucas JS. ERS
and ATS diagnostic guidelines for primary ciliary
dyskinesia: similarities and differences in approach
to diagnosis. Eur Respir J. 2019;54(3):1901066. doi:
10.1183/13993003.01066-2019.

Stannard WA, Chilvers MA, Rutman AR, Williams CD,
O’Callaghan C. Diagnostic testing of patients suspected
of primary ciliary dyskinesia. Am J Respir Crit Care Med.
2010;181(4):307-14. doi: 10.1164/rccm.200903-04590C.
Cant E, Shoemark A, Chalmers JD. Primary Ciliary
Dyskinesia: Integrating Genetics into Clinical Practice. Curr
Pulmonol Rep. 2024;13:57-66. doi: 10.1007/s13665-023-
00332-x

Nussbaumer M, Kieninger E, Tschanz SA, Savas ST,
Casaulta C, Goutaki M, et al. Diagnosis of primary
ciliary dyskinesia: discrepancy according to different
algorithms. ERJ Open Res. 2021;7(4):00353-2021. doi:
10.1183/23120541.00353-2021.

GoutakiM, Papon JF, Boon M, CasaultaC, Eber E, Escudier
E, et al. Standardised clinical data from patients with
primary ciliary dyskinesia: FOLLOW-PCD. ERJ Open Res.
2020;6(1):00237-2019. doi: 10.1183/23120541.00237-
2019.

Cohen-Cymberknoh M, Weigert N, Gileles-Hillel A,
Breuer O, Simanovsky N, Boon M, et al. Clinical impact
of Pseudomonas aeruginosa colonization in patients with
primary ciliary dyskinesia. Respir Med. 2017;131:241-6.
doi: 10.1016/j.rmed.2017.08.028.

Leigh MW, Ferkol TW, Davis SD, Lee HS, Rosenfeld M,
Dell SD, et al. Clinical Features and Associated Likelihood

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Original article / Arch Argent Pediatr. 2026;e202510814

of Primary Ciliary Dyskinesia in Children and Adolescents.
Ann Am Thorac Soc. 2016;13(8):1305-13. doi: 10.1513/
AnnalsATS.201511-7480C.

BehanL, Dimitrov BD, Kuehni CE, Hogg C, Carrol M, Evans
HJ, etal. PICADAR: A diagnostic predictive tool for primary
ciliary dyskinesia. Eur Respir J. 2016;47(4):1103-12. doi:
10.1183/13993003.01551-2015.

Dettmer S, Ringshausen F, Vogel- Claussen J, Fuge J,
Faschkami A, Shin HO, et al. Computed tomography in
adult patients with primary ciliary dyskinesia: Typical imaging
findings. PLoS One. 2018;13(2):e0191457. doi: 10.1371/
journal.pone.0191457.

Beydon N, Kouis P, Marthin JK, Latzin P, Colas M, Davis
SD, et al. Nasal nitric oxide measurement in children for
the diagnosis of primary ciliary dyskinesia. European
Respiratory Society technical standard. Eur Respir J.
2023;61(4):2202031. doi: 10.1183/13993003.02031-2022.
Shapiro AJ, Ferkol TW, Manion M, Leigh MW, Davis SD,
Knowles MR. High-Speed Videomicroscopy Analysis
Presents Limitations in Diagnosis of Primary Ciliary
Dyskinesia. Am J Respir Crit Care Med. 2020;201(1):122-
3. doi: 10.1164/rccm.201907-1366LE.

O’Connor MG, Horani A, Shapiro AJ. Progress in
Diagnosing Primary Ciliary Dyskinesia: The North American
Perspective. Diagnostics (Basel). 2021;11(7):1278. doi:
10.3390/ diagnostics11071278.

Lucas JS, Davis SD, Omran H, Shoemark A. Primary
ciliary dyskinesia in the genomics age. Lancet Respir Med.
2020;8(2):202-16. doi: 10.1016/S2213-2600(19)30374-1.
Kuehni CE, Frischer T, Strippoli MP, Maurer E, Bush A,
Nielsen KG, et al. Factors influencing age at diagnosis of
primary ciliary dyskinesia in European children. Eur Respir
J.2010;36(6):1248-58. doi: 10.1183/09031936.00001010.
Coren ME, Meeks M, Morrison |, Buchdahl RM, Bush
A. Primary ciliary dyskinesia: age at diagnosis and
symptom history. Acta Paediatr. 2002;91(6):667-9. doi:
10.1080/080352502760069089.

Alanin MC, Nielsen KG, von Buchwald C, Skov M, Aanaes
K, Haiby N, et al. A longitudinal study of lung bacterial
pathogens in patients with primary ciliary dyskinesia. Clin
Microbiol Infect. 2015;21(12):1093.e1-7. doi: 10.1016/j.
cmi.2015.08.020.

Piatti G, De Santi MM, Farolfi A, Zuccotti GV, DAuria
E, Patria MF, et al. Exacerbations and Pseudomonas
aeruginosa colonization are associated with altered lung
structure and function in primary ciliary dyskinesia. BMC
Pediatr.2020;20(1):158. doi: 10.1186/s12887-020-02062-
4.

Walker WT, Jackson CL, Lackie PM, Hogg C, Lucas JS.
Nitric oxide in primary ciliary dyskinesia. Eur Respir J.
2012;40(4):1024-32. doi: 10.1183/09031936.00176111.
RaidtJ, Riepenhausen S, Pennekamp P, Olbrich H, Amirav
I, Athanazio RA, et al. Analyses of 1236 genotyped primary
ciliary dyskinesia individuals identify regional clusters of
distinct DNA variants and significant genotype-phenotype
correlations. Eur Respir J. 2024;64(2):2301769. doi:
10.1183/13993003.01769-2023.

Davis SD, Ferkol TW, Rosenfeld M, Lee HS. Dell SD. Sagel
SD, et al. Clinical features of childhood primary ciliary
dyskinesia by genotype and ultrastructural phenotype. Am
J Respir Crit Care Med. 2015;191(3):316-24. doi: 10.1164/
rccm.201409-16720C.

Boon M, Smits A, Cuppens H, Jaspers M, Proesmans
M, Dupont LJ, et al. Primary ciliary dyskinesia: critical
evaluation of clinical symptoms and diagnosis in patients
76 with normal and abnormal ultrastructure. Orphanet J
Rare Dis. 2014;9:11. doi: 10.1186/1750-1172-9-11.



