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Primary ciliary dyskinesia (PCD) forms a part collection of hereditary 
structural and functional group of ciliopathies that can result in a 
variety of clinical symptoms, including recurring respiratory tract 
infections (Werner et al., 2015). PCD forms part of respiratory 
phenotype that is associated with syndromic features such as otitis 
media, ventriculomegaly, hydrocephalus and subfertility (De Scally et 
al., 2004).  
   
Individual cilia are structurally thin, longitudinal expansions of the cell's 
free surface. The core, or axoneme, is composed of two central 
microtubules surrounded by nine pairs of outer microtubules, a 
configuration known as the 9+2 microtubular arrangement (figure 1). 
The outer microtubules are supported by inner and outer dynein arms. 
The dynein arms are the ATPase units, which confer motility of the cilia. 
Radial spokes and nexin links connect the two central microtubules to 
the outer microtubules. These confer architectural integrity, which 
form a highly conserved unit that is readily recognisable. Ultimately, 
this enables multiple synchronous cilia that function in a unidirectional 
beat pattern that sweeps mucus and debris up into the nasopharynx.  
Clearance of respiratory secretions is dependent on an intact muco-
ciliary elevator; if it fails, mucus accumulates in the lower airways, 
resulting in airway obstruction, atelectasis and secondary bacterial 
infections. 
 
Cilia of the respiratory tract, urogenital tract, and auditory canal are all 
affected by a PCD caused by a deficiency in microtubule production. 
Clinical features reported in humans include neonatal respiratory 
symptoms, chronic rhinitis, infertility, sinusitis, situs inversus and 
retinal abnormalities. PCD is an autosomal-recessive hereditary 
condition in which approximately half of the dogs suffer from situs 
inversus (Kartagener syndrome). Breeds commonly affected include 
Cocker Spaniel, Border Collie, Old English Sheepdog and Alaskan 
Malamute. The disease is caused by a mutation in the CCDC39 gene in 
Old English Sheepdogs, and a mutation in the NME5 gene in Alaskan 
Malamutes (Knowles et al., 2013, Merveille et al., 2014). 
 
History:  
 
A 7-month-old male entire West Highland White terrier was presented 
for investigation of recurrent episodes of pneumonia and green 
mucoid nasal discharge. Medication given by referring vet prior to 
referral: amoxicillin-clavulanic acid 15mg/kg q12(Kesium, Ceva), 
meloxicam 0.1 mg/kg PO q24 hours (Loxicolm, Norbrook), bromhexine 
(Bisolvon, Boehringer), paracetamol 10mg/kg q12 (Bova) 
metronidazole 10mg/kg q12 (Metrobactin, Dechra) and topical 
moxidectin/imidocloprid (Advocate, Bayer)  

 
The patient responded partially to amoxicillin-clavulanic acid but 
despite ongoing treatment, the cough worsened and the patient 
developed a green mucoid unilateral nasal discharge, which became 
bilateral.  
 
 
 

Abstract: Primary ciliary dyskinesia (PCD) refers to a collection of inherited structural and functional defects of the respiratory and other cilia that cause recurrent respiratory infections. Primary ciliary dyskinesia was diagnosed in a 7-month-
old male entire West Highland Terrier that had a history of chronic nasal discharge and cough. Rhinitis and pneumonia were diagnosed on computed tomography (CT) scans, rhinoscopy and bronchoscopy. Primary ciliary dyskinesia was 
diagnosed by transmission electron microscopy of the nasal mucosal biopsies. The most noticeable defects included supernumerary peripheral duplets with displacement (10+2), supernumerary central singlet (9+3), and displacement of 
peripheral doublets with absence of central singlets (9+0). Dynein arms were consistently normal. Non-specific changes included compound cilia, loss of 9+2 axoneme configuration and axoneme bubbles. The dog remains clinically well 7 
months post admission.  
 
 
 
 
   
 
 

Physical examination findings:   
Clinical examination revealed that the patient had slight 
increase in submandibular lymph nodes and mild tracheal 
sensitivity. The patient had no neurological deficits.  
 
Diagnostic test findings:   
 
CT scan showed bilateral rostral nasal cavity turbinate 
destruction with fluid accumulation (L>R) and ventriculomegaly. 
There was diffuse bronchointerstitial pattern accompanied with 
areas of alveolointerstitial pattern (figure 2). This combination 
imaging findings of rhinitis, pneumonia and lateral 
ventriculomegaly, increased the index of suspicion for primary 
ciliary dyskinesia. 
 
Bronchoalveolar lavage for cytology demonstrated neutrophilic 
inflammation consistent with pneumonia. Culture and 
infectious disease PCR testing (parainfluenza virus, coronavirus, 
adenovirus, Mycoplasma, Bordetella, Angiostrongylus and 
Crenosoma) were negative.  
 
Nasal biopsies for culture and histopathology demonstrated 
negative bacterial and fungal culture, biopsies showed mild to 
moderate inflammation with no fungal hyphae, foreign material 
or neoplastic cells.  Infectious disease PCR swab from the 
nasopharynx was negative.  
 
Bronchoscopy revealed mucus present in the airways, 
particularly localised to the right middle lung lobe. Rhinoscopic 
findings demonstrated increased mucus and inflammation of 
the mucosa. Reassessment 1 month post admission showed 
improvement of the nasal discharge and cough but a persistent 
but improved bronchial pattern on follow-up CT scan.  
 
 

DIAGNOSIS: Primary 
ciliary dyskinesia (PCD) 
Transmission electron microscopy of the nasal 
mucosa indicated the presence of primary ciliary 
dyskinesia. The most noticeable defects included 
supernumerary peripheral duplets with 
displacement (10+2) (blue box), supernumerary 
central singlet (9+3), and displacement of 
peripheral doublets with absence of central 
singlets (9+0) (red box). Dynein arms were 
consistently normal. Non-specific changes 
included compound cilia, loss of 9+2 axoneme 
configuration and axoneme bubbles (figure 3).  
Treatment given after referral: meloxicam 0.1 
mg/kg PO q24 hours (Metacam, Boehringer), 
doxycycline 10mg/kg PO q24hrs (Doxybactin, 
Dechra) and bromhexine 0.5g/5kg PO q12 
(Bisolvon, Boehringer).  

 

  
Fig 3. EM micrographs of respiratory cilia indicating evidence of primary ciliary dyskinesia. Note the presence of 
included supernumerary peripheral duplets with displacement (10+2) (blue box), supernumerary central singlet (9+3), 
and displacement of peripheral doublets with absence of central singlets (9+0) (red box) (Image courtesy of J. del 
Pozo). 

 
Fig  1: Schematic depiction of the ciliary ultrastructure 
transverse sections 

 

The main aim in this patient was to control the clinical 
signs with physiotherapy and airway care, and 
minimise antibiotic use, which can be challenging in 
the face of recurring infections. The patient showed 
mild improvement to amoxicillin-clavulanic acid 
prescribed originally but responded significantly 
better to doxycycline. Management also included 
nebulisation with 0.9% saline q12 followed by 
coupage and exercise encouragement to help clear 
mucus and maximise lung function. The dog is in this 
case series remains stable and continues to receive 
on going therapy.  
 
Discussion:  
 
PCD and Reduced generation of multiple motile cilia 
(RGMC) are part of inherited conditions of respiratory 
motile cilia. The incidence in humans being 1 per 
10,000 people in Northern Europe. There are 
currently 50 known PCD and RGMC mutations in 
humans. Clinical spectrum of severity varies across 
phenotype (Knowles et al., 2013). 
The dog described in this case report showed early 
onset recurrent upper respiratory tract disease that 
had a partial response to amoxicillin-clavulanic acid 
but significantly better to doxycycline. Clinical 
examination revealed nasal discharge and tracheal 
sensitivity, both of which have been reported in the 
literature. Infertility caused by live immotile to 
hypomotile spermatozoa is another clinical finding in 
PCD in dogs that was not investigated in this patient 
(Edwards et al., 1992).   
 

  
Fig 2: CT images displaying the bilateral rostral nasal 
cavity turbinate destruction and fluid accumulation 
(L>R). There was diffuse bronchointerstitial pattern 
accompanied with areas of alveolointerstitial pattern 
(Image courtesy of B. Gnomes) 
 
 
  

Transmission electron microscopy and immunostaining in humans has 
demonstrated that the absence of the BRWD1 gene resulted in no 
outer and inner dynein arms in the sperm flagellum and respiratory 
cilia, as well as a decrease in the number and outer doublet microtubule 
defects in the respiratory cilia, causing infertility (Guo et al., 2021). To 
the best of the authors' knowledge, variations in the BRWD1 gene have 
not yet been thoroughly investigated in companion animals. 
 
Bronchitis, bronchiectasis, and consolidating pneumonia have all been 
reported as radiographic findings in PCD (De Scally et al., 2004, 
Cavrenne et al., 2008). The dog described in this case report had 
bronchointersitial and an alveolar interstitial pattern consistent with 
mild bronchopneumonia and bronchiectasis. This improved after 
medical treatment but remnant changes from bronchopneumonia 
remained. To date, there is a paucity of information on optimal 
management, and most of the treatment consensus is extrapolated 
from the care of cystic fibrosis in humans. Airway management to aid 
mucus clearance (nebulisation, coupage, chest physiotherapy and 
exercise encouragement) and recognising and treating lung infections 
were the two main areas of treatment in PCD in this case. Other areas 
of treatment often required include chronic rhinosinusitis and middle 
ear infection.  
 
In this case presentation, a biopsy of the nasal mucosa evaluated using 
electron microscopy was used to make the final diagnosis of PCD. 
Further evaluation of a patient with PCD can involve in vivo assessment 
of mucociliary clearance, either by scintigraphy, computerised 
microscope photometry (measures ciliary beat frequency), and, finally, 
in vitro ciliogenesis (Cavrenne et al., 2008).  
The prognosis of PCD appears to be highly variable, with some dogs 
surviving for years with nasal discharge and intermittent chest 
infections, while others suffer from severe and frequent bouts of 
pneumonia that necessitate euthanasia (Cavrenne et al., 2008). 
Reports of long term survival of dogs with PCD are limited, with the 
majority of cases either dying or euthanised within 6 months of 
diagnosis (De Scally et al., 2004). It is likely that the patient will remain 
on long term mucolytics, frequent or permanent antibiotics and 
potentially bronchodilators and anti-inflammatories. The patient 
remains clinically well 7 months post admission.  
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