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Primary ciliary dyskinesia (PCD) is a rare autosomal recessive disease that can present at different ages with
different phenotypes. Missed and delayed diagnoses are fairly common. Many variants in the DNAH5 gene
have been described that confirm the diagnosis of PCD. Advances in medicine, especially in molecular genet-
ics, have led to increasingly early discoveries of such cases, especially in those with nonclassical presentations.
This report describes a patient with bronchiectasis, lung cysts, finger clubbing, and failure to thrive who was
misdiagnosed for several years as having asthma. Many differentials were suspected and worked up, including
a suspicion of PCD. Genetic tests with whole-exome sequencing (WES) and whole-genome sequencing (WGS)
detected a heterozygous, likely pathogenic, variant in the DNAH5 gene associated with PCD.

Despite a thorough workup done for this case, including a genetic workup, a PCD diagnosis was not established.
We plan to reanalyze the WGS in the future, and with advent of technology and better coverage of genes, a ge-
netic answer for this challenging case may resolve this diagnostic quandary in the future.
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Introduction

Primary ciliary dyskinesia (PCD) is a rare autosomal reces-
sive genetic disorder of ciliary motility. Although its preva-
lence is low, it varies widely between different ethnicities. One
study [1] on over 182000 individuals showed a prevalence
that ranged from 1 in 9906 in Africans and African Americans
to 1in 16309 in Latinos. The overall prevalence was estimat-
ed to be 1in 7554 [1].

The mutated DNAH5 gene results in impairment of ciliary func-
tion. This dysfunction has diverse phenotypic forms leading to
a wide array of changes in the cilia structure. Structural de-
fects include missing dynein arms, central microtubule pairs,
inner sheath, radial spokes, or nexin links, whereas functional
defects include non-synchronous or asynchronous ciliary beat-
ing [2,3]. Ultimately, impaired ciliary motility results in defec-
tive mucociliary clearance in cilia-lining tracts. These chang-
es cause recurrent respiratory tract manifestations [3]. PCD
causes rhinitis, sinusitis, otitis media, and, ultimately, hearing
impairment, in addition to lower respiratory tract infections
and bronchiectasis [4]. Other conditions associated with PCD
include infertility, hydrocephalus, and retinitis pigmentosa [4].

There are several ways of diagnosing PCD, each with its bene-
fits and drawbacks. In addition to the clinical features, electron
microscopic examination of ciliary ultrastructure is frequently
used to support the diagnosis of PCD [5]. A less invasive inves-
tigation used to aid the diagnosis is nasal nitric oxide measure-
ments [6]. Molecular genetic studies have been widely used
to confirm the diagnosis of PCD [7,8]. With the clinical and
genetic heterogeneity of PCD, diagnosis may sometimes be a
challenge. In this paper, we present an interesting case with
a clinical suspicion of PCD and unsolved diagnostic odyssey.

Case Report

Patient Information

The index patient was an 11-year-old girl. She presented to the
Emergency Department of Prince Sultan Military Medical City
(PSMMOQ), in Riyadh, with mild asthma exacerbation precipitat-
ed by flu-like illness, according to the Emergency Department
doctor’s impression, when patient’s main concern was cough.
She received inhaled bronchodilators and oral steroid and
was referred to the pulmonary outpatient department (OPD).

Her past medical history revealed that she was born of a full-
term pregnancy, normal vertex delivery with 2.8 kg birth weight
and had no neonatal concerns. Her parents were first cousins
with no family history of genetic or chronic lung disease. At
the age of 4 years, she was diagnosed by her primary health
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Figure 1. Grade 4 finger clubbing.

care physician with seasonal asthma and allergic rhinitis, es-
pecially in winter. Furthermore, she had unexplained allergy
when exposed to animals and grasses, with swollen eyes and
runny nose. At the age of 6 years, she developed unexplained
finger clubbing and mild stuttering. Her respiratory symptoms
were controlled with no previous admission. She remained
on episodic asthma therapy, especially during winter. She re-
mained active like her siblings and developmentally normal.

Physical Findings

The clinical assessment showed that our patient was healthy-
looking with no respiratory distress. Her general examination
showed grade 4 finger clubbing (Figure 1). She weighed 24 kg,
3 standard deviations below the mean, and she was 141 cm
tall at the 50t centile. She had a BCG scar on her left arm. Her
respiratory rate was 18 breaths/min with 98% oxygen satura-
tion on room air. Her chest shape was normal, and chest aus-
cultation revealed that the breath sounds were slightly re-
duced on the left side with no added sounds. The rest of the
examination results were normal.

Diagnostic Assessment

The patient was investigated thoroughly in our pulmonary unit.
A chest X-ray revealed multiple cavitations and cystic changes
that were markedly worse, especially over the left upper lobe
(Figure 2). A chest CT showed multiple cysts with different
shapes and sizes. The largest cyst involved almost the whole
left upper lung zone with bilateral bronchiectasis (Figure 3). As
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Figure 2. Chest X-ray with marked hyperinflation and marked
radiolucency in the left upper zone, with no vascular
vessels suggestive of a localized cyst (black arrow).
Furthermore, multiple cavitations in the right upper
and middle zones were observed.

per the radiologist’s verbal report, there were bronchiectasis
in some cuts bilaterally, which was hard to see because of the
numerus cysts occupying both lung fields. Echocardiography
was unremarkable with no evidence of pulmonary hyperten-
sion. Abdominal ultrasound was unremarkable with no evi-
dence of internal organ cysts.

Blood test results revealed normal complete blood count with
normal leukocyte, eosinophil, and absolute lymphocyte counts.
Liver and kidney function tests were within normal limits.

Her immunology workup was normal, including immunoglob-
ulins and lymphocyte subsets. The sweat chloride test was
normal (58 mmol/l).

Exhaled nitric oxide was 90 ppb (normal is less than 18 ppb).
The 6-minute exercise test was 450 meters with mild restric-
tion and a Borg scale of 0 (normal). Her pulmonary function
test showed a mild obstructive airflow limitation with FEV1 64%
predicted. The skin test was negative for common aeroallergen.

Whole-exome sequencing revealed a class 2, likely pathogen-
ic, heterozygous variant, ¢.5503C >T, p.(GIn1835*) in DNAHS5,
which creates a premature stop codon. This finding was also
confirmed by whole-genome sequencing.
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Figure 3. Axial chest CTs at different levels showing numerous
subpleural (black arrows) and intraparenchymal lung
cysts, worse on the left upper lobe.

Therapeutic Intervention

Our patient started asthma treatment as per step 2 asthma
management according to SINA guidelines [9] (fluticasone 125
mg twice a day, a bronchodilator, inhaled nasal steroid spray,
and normal saline). She was advised to avoid airplane trav-
el, scuba diving, and strenuous exercises, knowing that pneu-
mothorax is a potential complication that could occur at any
time. Her repeated chest X-ray over a 1-year period did not
show any change but was still alarming.

Discussion

In this report, we present a girl with chronic respiratory symp-
toms treated as asthma. However, her other symptoms and
signs, including failure to thrive, clubbing, bronchiectasis, and
lung cysts, were suggestive of another underlying chronic
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pulmonary disease. Pulmonary tuberculosis, immunodeficiency,
congenital lung malformations, and cystic fibrosis were initial-
ly considered. However, all these disorders were excluded af-
ter extensive workup. In view of the failure to thrive, clubbing,
bronchiectasis, and lung cysts, the possibility of PCD was raised.

PCD is a heterogeneous hereditary disease that often presents
with persistent tachypnea in the neonatal period which can re-
solve in a few weeks, followed by otitis media and speech de-
lay due to conductive hearing loss in the second year, persis-
tent sinus infection in toddlers, recurrent chest infection, and,
eventually, infertility in adulthood [10]. Our patient did not pass
through this classic course of PCD. Her neonatal history was
unremarkable, and she did not develop recurrent otitis me-
dia as a toddler. Most PCD patients have a chronic productive
cough as a prominent feature [11]. As effective cough could
partially compensate for the impaired mucociliary clearance,
the insult to the lungs will be milder and a bit later compared
to CF patients [10-12]. Our patient had recurrent cough that
resembled episodic asthma, which may suggest PCD. Clinical
and radiographic evidence of bronchiectasis usually develops
in patients with PCD as the disease progresses, often accom-
panied by digital clubbing. Our patient had a combination of
bronchiectasis and finger clubbing, which makes PCD a likely
diagnosis. Pseudomonas aeruginosa infection, including mucoid
strains, has been reported in older PCD patients [11]. Despite
sputum cultures, we were unable to confirm Pseudomonas in-
fection in our patient. Furthermore, extensive immune workup
was performed for our patient to exclude immune-related dis-
orders that can present with a similar phenotype. Additionally,
PCD and immunodeficiency do exist. A recent study reported
the concurrence of PCD with panhypogammaglobulinemia in
an adult patient with recurrent lower respiratory infections
since childhood [13]. In a cohort of 168 patients, PCD and hu-
moral immunodeficiency coexisted in 6.5% (11 patients) [14].

After excluding common causes of our patient’s presentation,
we proposed that the possible diagnosis was PCD. The parents
refused the ciliary sampling; therefore, a molecular diagnostic
plan was proposed. Initially, we performed Sanger sequencing
of the DNAH5 gene, which is implicated in the pathogenesis
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of PCD. However, we opted to perform whole-exome sequenc-
ing to exclude other inherited monogenic disorders that can
present with similar phenotypes. WES failed to confirm the
diagnosis of PCD, as it detected a heterozygous rather than a
homozygous variant in the DNAH5 gene. We proposed that a
second variant in the DNAH5 gene may have been missed by
WES, as it may have been a deep intronic or promotor region
variant or possibly a copy number variant (CNV). Therefore,
we performed whole-genome sequencing, which is known to
identify deep intronic variants and CNVs. However, WGS failed
to identify a second variant in the DNAH5 gene, and we were
unable to establish the genetic confirmation of autosomal re-
cessive PCD. We plan to reanalyze the WGS in the future. With
the advent of technology and better coverage of genes, a ge-
netic answer for this challenging case may resolve this diag-
nostic challenge in the future. According to our knowledge and
upon reviewing the literature, no similar cases have been re-
ported with such clinical and genetic findings.

Conclusions

This report describes a patient with a clinical finding of exten-
sive lung cysts, bronchiectasis, and finger clubbing. Many dif-
ferential diagnoses were considered and excluded. PCD was
one of the probable differentials but was not established de-
spite extensive investigations. WGS detected a heterozygous,
likely pathogenic, variant in the DNAH5 gene associated with
PCD. Our case is a diagnostic dilemma that we hope will be
solved in the future with development of better genetic tests.
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