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Abstract

Background Primary ciliary dyskinesia (PCD) is a rare genetic disorder characterised by dysfunction of
motile cilia. Symptoms include recurrent and chronic airway infections which can lead to deteriorating
lung function and inflammatory destructive lung disease in the form of persistent atelectasis and
bronchiectasis. Routine blood testing may be used as a tool for disease monitoring and management.
However, currently there are no consensus-based guidelines within the field of PCD. BEAT-PCD together
with the ERN-LUNG PCD-Clinical Trial Network aimed to develop an international expert consensus
statement on which routine blood tests should be conducted in patients with PCD.

Methods An international panel of 33 PCD experts from 17 countries was established to generate
consensus on routine blood testing in PCD. A modified Delphi technique with three e-survey rounds was
used to reach consensus, which was defined as >80% agreement for each statement. Two patient
representatives were included in the consensus process.

Results The expert panel reached consensus on 51 out of 101 statements (50%) on routine blood testing in
children and adults with PCD to be performed at diagnosis, annually and on exacerbation. The statements
include biomarkers for inflammation, haemoglobin, iron status, vitamin D, immune function, inhalant
allergies, liver and kidney function, and allergic bronchopulmonary aspergillosis.

Conclusions This is the first international consensus on routine blood testing in PCD. It highlights blood
tests that may be relevant to perform at diagnosis, annually and on exacerbation in people with PCD.
Further research on the clinical usefulness of routine blood testing in PCD is needed.

Introduction

Primary ciliary dyskinesia (PCD) is a rare heterogenous genetic disorder characterised by dysfunction of
motile cilia [1]. The disorder commonly causes neonatal respiratory distress in term infants, conductive
hearing impairment, chronic persistent wet cough and chronic rhinosinusitis. Further common symptoms
are recurrent and chronic upper and lower respiratory infections, deteriorating lung function, and
destructive airway disease manifesting as persistent lobar or segmental atelectasis and bronchiectasis.
Additionally, situs anomalies and subfertility/infertility are frequent in PCD [1-4]. Multiple variants in
genes linked with PCD, of which there are more than 50 known, predominantly follow autosomal recessive
inheritance; however, X-linked recessive and autosomal dominant inheritance have also been reported
[1, 5, 6]. The overall global prevalence is reported to be 1 in 7554 individuals [7].

There is presently no curative treatment for PCD. Due to the scarcity of evidence-based treatments for
PCD, management is often based on similar diseases such as cystic fibrosis (CF) [8, 9]. Recently, however,
a randomised clinical trial on oral azithromycin maintenance therapy in PCD provided the first
evidence-based treatment recommendation [10]. Further, a recently published study on a nebulised
epithelial sodium channel blocker has also shown promising results [11].

Routine blood testing in people with CF is recommended as part of European and American management
guidelines [12-15] and has an impact on disease management even in pre-school children [16]. However,
European PCD management guidelines make no mention of blood testing as part of routine care [9]. In
contrast, the American PCD Foundation consensus recommendations for diagnosis, treatment and
monitoring propose testing for allergic bronchopulmonary aspergillosis (ABPA) by measuring total IgE
levels at diagnosis, with new-onset wheezing and unexplained clinical decline [17]. Further, the European
paediatric bronchiectasis management guidelines recommend full blood count and immunological tests at
diagnosis [18], while the European adult bronchiectasis management guidelines recommend differential
blood count, serum immunoglobulins and testing for ABPA at diagnosis [19].

Routine blood testing in patients with PCD may be used as a tool for disease monitoring and guide its
management. Regular monitoring of various parameters assessable in the blood could play a role in
achieving optimal long-term outcomes in PCD. Thus, there is a need to investigate and identify which, if
any, blood tests should be performed in patients with PCD, and their indication and frequency.

We conducted a modified Delphi study to develop an expert, international consensus statement on routine
blood testing in children and adults with PCD. The consensus statement aims to provide suggestions to
clinicians on which routine blood tests could be relevant to perform and to standardise blood testing across
different sites, thus increasing the data available for future studies on the clinical usefulness of routine
blood testing in patients with PCD.
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Methods

Participants

The panel was invited with the intention of ensuring representation of a wide range of countries and
experts, who had experience in managing children and adults with PCD. 37 experts from 17 countries and
two patient representatives were invited to the panel. Those invited were mostly engaged in either
BEAT-PCD (Better Experimental Approaches to Treat PCD; a European Respiratory Society (ERS)
Clinical Research Collaboration) [20] or the European Reference Network on Rare and Complex
Respiratory Diseases (ERN-LUNG) PCD-Clinical Trial Network [21]. They worked in highly specialised
PCD centres and had several years of clinical experience in the treatment of patients with PCD, although
no minimum threshold had been established. The coordinating group facilitating the activities of the panel
were volunteers. Some participated in the Delphi e-survey (S.C. and K.G.N.), while two did not (S.A. and
J.K.M.) in an effort to reduce bias in their roles of facilitators and coordinators of the project.

Study design

At the BEAT-PCD annual meeting held online on 9 September 2021, the topic of routine blood testing in
confirmed PCD was discussed. The coordinating group worked afterwards to plan and facilitate a
consensus statement on the topic derived from a Delphi survey methodology. This methodology involves
conducting a series of sequential survey questionnaire rounds. The purpose of these is to gather
anonymous expert opinion to create consensus on subjects where evidence is lacking or uncertain [22-24].

An online start-up meeting was held in June 2023 where all panellists were invited. After discussion at this
meeting, it was decided to have separate statements for children and adults with PCD and categorise the
blood tests by when they should be performed, e.g. at confirmed diagnosis, annually or on exacerbation.
Furthermore, due to differing experience, practice and opinions on the matter of routine blood testing in
PCD, and the limited amount of literature in this field, it was decided to distribute an introductory survey.
In this survey, the expert panellists could describe which blood tests they conducted as routine in patients
with PCD, including their indications and frequency. The answers from the introductory survey and a
literature search served as the foundation for formulating the statements of the first Delphi survey round.
To be as unbiased as possible, all blood tests mentioned in the introductory survey were included.

A modified Delphi method was then performed. Three rounds of e-surveys, based on the REDCap web
application (https:/project-redcap.org), were conducted. After each round a maximum of three reminders
were sent after the initial invitation. A 5-point Likert scale was used to assess agreement on each
statement, in which participants could respond “Strongly agree”, “Agree”, “Neutral”, “Disagree” or
“Strongly disagree”. It was also possible to select “Cannot answer (not my field of expertise)”; this answer
was not included in the calculation towards the final agreement percentage. If the participants were neutral
or disagreed, they were prompted to offer a reason. This was to ensure that statements in subsequent survey
rounds could be adjusted based on these comments.

After each survey round, anonymous data were analysed quantitatively using appropriate descriptive statistics.

Consensus was defined as >80% agreement (“Agree” and “Strongly agree”), and statements where agreement
was >80% were accepted without any further editing. Statements with 40-80% agreement would proceed to
the next survey round with proposed adjustments, to see if they could reach consensus in an edited version.
Before each survey round, the coordinating group met to write and define the statements. Statements that
reached <40% agreement were discarded and did not progress to any subsequent rounds. Between the second
and third survey round, an online meeting was held wherein all expert participants were invited. Anonymous
results so far were presented, and all statements where agreement was 40-80% were discussed for
adjustments for the third and final survey round. Due to the adjustment process, some statements did not have
a rationale included, because they reached consensus in the first round without discussion. However, later
rounds included rationale considerations, leading to revised statements with rationales.

After the third round the coordinating group made a rationalisation step. If a blood test was agreed to be
conducted annually or during exacerbations, it should also be performed at confirmed diagnosis of PCD as
a baseline measure. These blood tests were added in the confirmed diagnosis of PCD category as
suggestions from the coordinating group.

Results

Panel characteristics

Among the 37 experts invited, 33 accepted the invitation to be part of the panel. Of the two patient
representatives invited, one answered the survey, while the other opted to comment on statements. Of the
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expert panellists, 42% had experience in treating children with PCD, 18% had experience in treating adults
with PCD, while 39% had experience in treating both children and adults with PCD. Furthermore, 78%
had expertise in paediatric pulmonology, 34% had expertise in adult pulmonology, while 3% had expertise
in infectious diseases (not mutually exclusive). Most experts (97%) had a practice setting in academic/
tertiary hospitals. The meantsp length of clinical experience in treatment of patients with PCD in the
expert group was 18.3+8.36 years. The panellists were located across different regions of the world, with
35% working in Western Europe (table 1).

Delphi process

The first round was conducted from 1 to 28 September 2023. All 34 (100%) panellists responded to the
first round. In the survey, 100 statements were presented. Of the presented statements, 23 (23%) reached
consensus, while 61 (61%) statements scored between 40% and 80% and went on to the next round. On
most of these statements, adjustments were made, some statements were combined and six new statements
were formulated. Further, 16 statements had <40% agreement and were discarded.

The second round was conducted from 12 to 27 October 2023 and 33 (97%) of the panellists responded to
the 61 statements presented for the round, of which 20 (33%) reached consensus. Further, 39 (64%)
statements reached 40-80% agreement and went on to the next round rephrased and adjusted, while one
new statement was formulated. Two statements had <40% agreement and did not progress to the third
round. The third round was conducted from 2 to 13 December 2023. In this final round, 33 (97%)
panellists responded and 40 statements were presented, of which eight additional statements reached
consensus. In total, 51 out of 101 statements reached consensus and were included in the final consensus
statement. A flowchart of the Delphi process is presented in figure 1.

Routine blood tests that should be conducted in children with PCD

A summary of the statements that reached consensus on routine blood testing in children with PCD is
presented in table 2. Detailed results, including the percentage of agreement for each statement, are
provided in supplementary table S1.

The panel agreed that the following blood tests should be conducted at confirmed diagnosis of PCD in
children: differential white blood cell count, haemoglobin, iron status, vitamin D status, biomarkers for
ABPA (total TIgE levels, Aspergillus fumigatus specific IgE and IgG), pneumococcal antibodies,

TABLE 1 Delphi panel

Expert participants 33 (97)
Physician with experience in treatment of children with PCD 14 (42)
Physician with experience in treatment of adults with PCD 6 (18)
Physician with experience in treatment of both children and adults with PCD 13 (39)

Field of expertise of expert participants™*

Paediatric pulmonology 25 (78)
Adult pulmonology 11 (34)
Infectious diseases 1(3)

Years of clinical experience in treatment of patients with PCD* 18.3+8.36

Number of patients with PCD at expert participants’ site>* 120 (54-202)

Practice setting of expert participants™*

Academic/tertiary hospital 31 (97)
Regional hospital 1(3)
Research 4 (13)
Private practice 0 (0)

Patient representative 1(3)

Location of panellist
Western Asia 4 (12)
Australia 2 (6)
Northern Europe 10 (29)
Western Europe 12 (35)
Eastern Europe 2 (6)
Southern Europe 4(12)

Data are presented as n (%), meansp or median (interquartile range). *: not mutually exclusive; *: 32/33 expert
panellists; *: self-reported; %: 31/33 expert panellists; ’: genetically confirmed and not confirmed patients with
PCD.
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16 statements did not go further to
the next survey round

A

E-survey 1: 100 statements categorised by
children and adults and timing of the blood test

23 statements reached consensus

2 statements did not go further to
the next survey round

E-survey 2: 61 rephrased and adjusted
statements

20 additional statements reached

consensus

Expert panel discussion meeting

y

32 additional statements did not
reach consensus

8 additional statements reached
consensus

E-survey 3: 40 rephrased and adjusted
statementst

A

FIGURE 1 Flowchart of the Delphi

v
51 statements reached consensus regarding
which routine blood tests should be conducted
in patients with PCD (tables 2 and 3)

process on routine blood testing in primary ciliary dyskinesia (PCD). Consensus was reached on statements with

>80% agreement. “Rephrased and adjusted statements”: no consensus yet (40-80% agreement), the statements will go to the next survey round,
with adjustments, to see if they can reach consensus. “Statements did not go further”: <40% agreement. A total of 51 statements out of 101
reached consensus. *: throughout the process some statements were combined, new statements were formulated and adjustments were made.

immunoglobulins (IgA, IgM, IgG and IgG subclasses) and specific IgE for a panel of common inhalant
allergens. Additionally, at the rationalisation step, the coordinating group added C-reactive protein (CRP)
and creatinine. Further, the panel agreed that blood tests which should be conducted annually were
differential white blood cell count, CRP, haemoglobin, iron status, vitamin D status, total IgE as a marker
for ABPA, biomarkers for liver function when using macrolides as maintenance treatment and creatinine.
For an exacerbation not responding to treatment with oral antibiotic treatment, the panel agreed that CRP,
differential white blood cell count, haemoglobin and biomarkers for ABPA (total IgE levels, A. fumigatus
specific IgE and IgG) should be performed.

Rejected statements are presented in supplementary table S3.

Routine blood tests that should be conducted in adults with PCD

A summary of the statements that reached consensus on routine blood testing in adults with PCD is
presented in table 3. Detailed results, including the percentage of agreement for each statement, are
provided in supplementary table S2.

The panel agreed that the following blood tests should be performed at confirmed diagnosis of PCD in
adults: differential white blood cell count, CRP, haemoglobin, vitamin D status, biomarkers for ABPA
(total IgE levels, A. fumigatus specific IgE and IgG), immunoglobulins (IgA, IgM, IgG and IgG
subclasses) and specific IgE for a panel of common inhalant allergens. Additionally, at the rationalisation
step, the coordinating group added platelets, creatinine and albumin. Moreover, the panel agreed that blood
tests which should be performed annually in adults were differential white blood cell count, CRP, platelets,
haemoglobin, iron status, vitamin D status, biomarkers for ABPA (total IgE levels, A. fumigatus specific
IgE and IgG), creatinine, albumin and biomarkers for liver function when using macrolides as maintenance
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TABLE 2 Summary of consensus statements on routine blood testing in children with primary ciliary dyskinesia (PCD)

Blood tests At confirmed Annually At exacerbation not responding to oral
diagnosis of PCD antibiotic treatment

Differential white blood cell count X X X

C-reactive protein (X) X® X

Haemoglobin X X X

Iron status (ferritin and transferrin receptors) X 3

Vitamin D status X X

Total IgE X X X

Aspergillus fumigatus specific IgE X X

Aspergillus fumigatus specific 1gG" X X

Antibody levels towards Streptococcus pneumoniae® X

IgA, IgM, 1gG and IgG subclasses X

Specific IgE towards a panel of common inhalant allergens” X

Aspartate aminotransferase, alanine aminotransferase, bilirubin® X

Creatinine (X) X

#. if available at health facility; : if not conducted previously; *: when using macrolides as maintenance treatment; °: if there is clinical decline; *: in
patients with previous anaemia. Blood tests in brackets were included at a rationalisation step by the coordinating group (blood tests conducted
annually or during exacerbations should also be performed at confirmed diagnosis as a baseline measure).

treatment. For an exacerbation not responding to oral antibiotic treatment, the panel agreed that CRP,
differential white blood cell count, haemoglobin, biomarkers for ABPA (total IgE levels, A. fumigatus
specific IgE and IgG) and creatinine should be conducted. Finally, the panel agreed that after initiation of
maintenance macrolide treatment, the blood test for alanine aminotransferase (ALAT) should be conducted.

Rejected statements are presented in supplementary table S4.

Discussion

In this Delphi consensus study, we achieved formulation of 51 statements concerning routine blood testing
for children and for adults with PCD categorised by their indication and timing. The panel agreed that
blood tests should be performed routinely in the domains of inflammation, iron status, vitamin D, ABPA
and immunodeficiency at confirmed diagnosis. Published data on blood testing in PCD are limited, and we
were unable to find any other studies addressing routine blood testing specifically in PCD. Knowledge on

TABLE 3 Summary of consensus statements on routine blood testing in adults with primary ciliary dyskinesia (PCD)

Blood tests At confirmed  Annually At exacerbation not After initiation of
diagnosis of responding to oral maintenance macrolide
PCD antibiotic treatment treatment
Differential white blood cell count X X X
Platelets (X) X
C-reactive protein X X X
Haemoglobin X X X
Iron status (ferritin and transferrin receptors) X
Vitamin D status X X
Total IgE X X X
Aspergillus fumigatus specific IgE and A. fumigatus X & X
specific 1gG
IgA, IgM, 1gG and IgG subclasses X
Specific IgE towards a panel of common inhalant allergens® X
Creatinine (X) X X
Albumin (X) X
Aspartate aminotransferase, bilirubin® X

X

>

Alanine aminotransferase

#. if not conducted previously; *: when using macrolides as maintenance treatment; *: in patients with previous anaemia; °: if available at health
facility. Blood tests in brackets were included at a rationalisation step by the coordinating group (blood tests conducted annually or during
exacerbations should also be performed at confirmed diagnosis as a baseline measure).
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the clinical usefulness on these blood tests in patients with PCD is therefore lacking. The results of this
consensus statement can support clinicians in standardising routine blood testing in PCD across different
sites. This will help increase the data available for future analyses and provide more knowledge on this
topic. In the following text, we will discuss the aforementioned blood tests in the context of PCD.

A study has shown that CRP can be used as a marker of systemic inflammation and disease severity in
adult patients with bronchiectasis [25], and it also found no correlation between total white blood count
and disease severity. The panel agreed that inflammatory burden should be assessed, with the measurement
of CRP and differential blood cell count. However, consensus on indication of testing in children and
adults differed. In contrast to bronchiectasis, published data on systemic inflammation in patients with
PCD showed no elevation in CRP, or white blood cell count, nor change in these parameters after
6 months of azithromycin treatment in children and adults [10]. However, in a different study,
characterising the nutritional status of 36 children with PCD, the mean CRP was slightly elevated [26].

The panel also reached consensus on the annual measurement of blood platelets in adults. Platelets have a role
in haemostasis, thrombosis and the immune response to inflammation [27, 28]. In adults with bronchiectasis,
platelet levels have shown a positive correlation with disease severity and mortality [29]. No data exist for
adults or children with PCD, and the findings in adults with bronchiectasis may not be applicable.

Iron deficiency is the most common nutritional deficiency, for which neonates, pre-school children and
adolescents (particularly females) are predisposed [30]. Iron deficiency anaemia can increase the
vulnerability to infection [31]. The panel agreed that iron status (ferritin and transferrin receptors) should
be checked at confirmed diagnosis in children and annually in both children and adults with anaemia.
However, some panellists argued that it can be difficult to interpret iron status in patients with chronic
infection. The only published results of iron status in a group of 36 children with PCD reported normal
group mean values. The study gave no further details, although the magnitude of standard deviation for
serum iron inferred that some had iron deficiency [26]. The same study also reported normal group mean
values of albumin in children with PCD. Nonetheless, albumin has been negatively associated with disease
severity in non-CF bronchiectasis in two studies [32, 33], one of which included a single patient with PCD
[32]. The panel agreed albumin should be measured annually in adults with PCD.

Vitamin D has an important role in innate immunity and calcium metabolism [34, 35]. Increased
prevalence of vitamin D deficiency and insufficiency has been reported in children and adults with PCD
and is associated with poorer quality of life [36]. In a cohort of children with PCD, low vitamin D levels
weakly correlated with fat-free mass index [26], which is a better measure of nutritional status than body
mass index [37]. However, using vitamin D as a marker for nutritional status is not an established practice.
Further, vitamin D deficiency has been associated with poorer lung function in adults with bronchiectasis,
although the mechanism is unclear [38]. The panel agreed that monitoring of vitamin D levels would seem
to be appropriate. However, as some panellists commented, monitoring vitamin D levels may be
overzealous given the high prevalence of vitamin D deficiency in PCD, rather physicians could simply
prescribe vitamin D supplements to all patients with PCD. Still, this could be considered an additional
treatment burden, and although rare, might be harmful if toxic doses are taken [39].

ABPA is a complex immunological pulmonary response caused by sensitisation to A. fumigatus. The
symptomatic clinical manifestations may vary, but productive cough, wheezing, haemoptysis and reduced
lung function are usual [40]. In CF, it is underdiagnosed, and in PCD, there are two published case reports
of ABPA in adults [41-43] and a case series with two children [44]. This suggests that ABPA may be
either underdiagnosed or uncommon in PCD, and there are no prevalence data available.

Recommended biomarkers for the diagnosis or early detection of ABPA in CF are total serum IgE, and
specific IgE and specific 1gG to A. fumigatus [41, 45, 46]. As mentioned earlier, the European adult
bronchiectasis management guidelines recommend testing for ABPA at diagnosis. Further, the American
PCD Foundation consensus recommendations suggest measuring total IgE, with or without evidence of
aspergillus specificity, if new-onset wheezing and unexplained clinical decline are present [17]. Given the
potential seriousness of ABPA, in this consensus statement the panel similarly agreed with measuring total
IgE, but also specific IgE and specific IgG (if available) against A. fumigatus.

Conversely, some panellists argued that ABPA in children with PCD was rare, and suggested to routinely
only test for total IgE, as it has been proposed as a primary indicator for ABPA in CF [46]. In children
younger than pre-school age, ABPA could be even more rare, and testing routinely at all for ABPA in this
age group may not be relevant.
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The ERS paediatric and adult bronchiectasis management guidelines recommend immunological testing at
diagnosis of bronchiectasis [18, 19]. Similarly, the American PCD Foundation recommends the quantitative
measurement of immunoglobulins in patients with suspected PCD to rule out immunodeficiency [17]. Even
though the patients considered in the current consensus statement have a confirmed diagnosis of PCD, it is
nonetheless important to evaluate potential immunodeficiency. An increased prevalence of humoral
immunodeficiency has been reported in a cohort of 68 patients with PCD [47]. The panel agreed that
measuring of IgA, IgM, IgG and IgG subclasses should be performed at confirmed diagnosis, but further
testing for immunodeficiency by measuring antibody levels towards tetanus and diphtheria and measuring T-
and B-cell subsets was rejected.

Moreover, patients with PCD are susceptible to pneumococcal infections, and the European PCD
management guideline recommends pneumococcal immunisation [9]. The panel agreed that antibody levels
towards Streptococcus pneumoniae should be measured at the time of diagnosis to assess protection state
against pneumococcal infections in children with PCD. However, testing for S. pneumoniae antibody
levels at diagnosis in infants would not be relevant, as they have not yet been vaccinated. The assessment
can be done at a later time.

Consensus was also reached for the measurement of specific IgE for a panel of common inhalant allergens
at confirmed diagnosis. Allergic rhinitis is frequent in the general population and presents somewhat
similar nasal symptoms to PCD, including anterior and posterior rhinorrhoea and nasal congestion [1, 48].
The panel regarded the detection of potential allergic sensitisation to be important in the interpretation of
symptoms, as patients with PCD can have concurrent allergic rhinitis, which can be treated. However,
testing for potential allergic sensitisation in children younger than pre-school age does not seem to be
appropriate, as it would be unlikely for them to have developed allergic rhinitis [49].

The consensus panel agreed that creatinine should be measured annually in patients with PCD and at
exacerbation in adults. Intravenous aminoglycosides, colistin, piperacillin/tazobactam, vancomycin and age
are all significant risk factors for acute and chronic kidney injury in CF [50], but prolonged intravenous
aminoglycoside exposure in CF is probably not associated with chronic renal dysfunction [50, 51].
However, no data have been published on renal function in patients with PCD, despite the relatively high
prevalence of chronic infection with non-tuberculous mycobacteria and Pseudomonas aeruginosa [1],
necessitating similar treatment regimens to CF. However, routinely testing for creatinine in young children
who are not in consideration for intravenous antibiotic treatment may be excessive. Renal involvement is
typically a feature of primary ciliopathies, which are syndromic disorders caused by malfunction of
sensory cilia. Moreover, it is becoming evident that some ciliopathy genes can cause an overlapping motile
ciliopathy (PCD-like) phenotype [52, 53], making the investigation of renal function even more pertinent.

The risk of azithromycin-induced hepatotoxicity, predominantly hepatocellular damage, in patients without
PCD is low and the vast majority recover [54]. However, chronic liver damage severe enough to require
transplantation may ensue [54]. In the aforementioned randomised clinical trial on azithromycin
maintenance therapy in PCD, ALAT was raised to abnormal levels after 6 months of azithromycin
treatment in three of 90 patients (one patient with a value more than double the upper limit of normal
range) [10]. Speculation about the use of azithromycin as early as in infancy to prevent long-term
structural lung damage [10] should include monitoring for potential hepatotoxicity, although most liver
injury occurs within 3 weeks of starting treatment [54]. Consensus was reached regarding the monitoring
of liver function only when using macrolides as maintenance treatment.

Limitations

In this study, consensus was generated using the Delphi method, where within-group bias can be reduced.
There was a high participation rate through all three survey rounds. Furthermore, the panel included experts
based in highly specialised PCD centres from many countries and a patient representative. However, there
were some limitations to our study design. Most of the expert panellists were paediatric pulmonologists, which
might result in an underrepresentation of adult PCD treatment expertise. However, paediatricians have, in the
past especially, often managed the care of adult patients with PCD in many PCD centres. While 34% of the
expert panellists’ field of expertise was adult pulmonology, 57% had experience in treating adults with PCD
(table 1). Furthermore, we separated the statements for children and adults, and those who did not have
expertise in one or the other could select “Cannot answer (not my field of expertise)” in the survey. Moreover,
the panel was largely from Europe, and therefore the consensus statement is likely not globally generalisable.

Importantly, due to the current lack of evidence in the field of PCD, many of the statements were
formulated based on literature in CF and bronchiectasis. However, we also distributed an introductory
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survey, where all expert panellists could list blood tests that were already routinely conducted at their site
in patients with PCD; these were also included in the Delphi surveys. Additionally, the economic aspects
and the availability of the specific blood tests at the site of the panellists may have influenced their
response in the Delphi survey. Additionally, it should be emphasised that many rejected statements were
close to reaching consensus. Even though consensus was not reached on these statements in this Delphi
study, it does not imply that these tests are not relevant in certain patients. Finally, it is important to note
that statements on children with PCD did not differentiate on age at diagnosis. Age is an important factor,
and certain routine blood tests may not be relevant to perform in certain age groups. Clinicians should
always assess whether a routine blood test is appropriate for each individual patient to minimise the blood
volume necessary for analysis. In addition, some of the blood tests mentioned in the statement can be
costly, and not all sites may be able to conduct all the tests which have reached consensus.

Routine blood testing in PCD could be excessive and may not change the management of patients.
However, PCD is a chronic disorder that can lead to deteriorating lung function and inflammatory
destructive airway disease, manifesting as persistent lobar or segmental atelectasis and bronchiectasis [1].
Although, as mentioned earlier, data on the clinical usefulness of routine blood testing are lacking, the
increased surveillance of patients with PCD seems appropriate. Routine blood tests may help detect
subclinical conditions and identify patients who are at risk of developing complications. Hopefully, the
current consensus statement can help to standardise blood testing in PCD across different sites, which can
then facilitate further data, research and knowledge on this topic. The FOLLOW-PCD study, which is a
consensus on standardised clinical data from patients with PCD, makes no mention of blood testing [55].
In the consensus study on a core outcome set for pulmonary disease interventions in PCD, there was an
interest in exploring blood testing as an outcome in clinical trials; however, there was no agreement or
further discussion on this subject [56]. This is the first ever attempt to assess the topic of routine blood
testing specifically in PCD.

Conclusions

This consensus statement study, using the Delphi technique, provides suggestions on which blood tests
should be conducted in adult and paediatric patients with PCD. Moreover, it may harmonise blood testing
data across different sites, thus providing an impetus for research on the clinical usefulness of routine
blood testing in PCD.
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