The Open COVID Journal ISSN: 2666-9587

DOI: 10.2174/0126669587399468260325215113, 2026, 6, e26669587399468 1

RESEARCH ARTICLE OPEN ACCESS

Health Significance of the COVID-19 Pandemic in
People with Primary Ciliary Dyskinesia, A National
Cohort Study

Rikke Mulvad Sandvik" "', Marika Nathalie Schmidt'"*, Hatice Nur Coémert', Sarah

Altaraihi', Majbritt Pressfeldt', Mathias Geldermann Holgersen', Marianne Skov', Frederik
Fouirnaies Buchvald' and Kim Gjerum Nielsen"***"

'Department of Paediatrics and Adolescent Medicine, Danish PCD Centre, Paediatric Pulmonary Service,
Copenhagen University Hospital, Rigshospitalet, Copenhagen, Denmark

“The Primary Ciliary Dyskinesia Clinical Trial Network (PCDCTN)

’European Reference Network for Respiratory Diseases (ERNLUNG)

‘Department of Clinical Medicine, University of Copenhagen, Copenhagen, Denmark

Abstract:

Introduction: During the COVID-19 pandemic, Danish health authorities implemented nationwide lockdowns and
recommended strict preventive measures, particularly for individuals with chronic lung disease. This national study
evaluated the health impact of COVID-19 in people with Primary Ciliary Dyskinesia (pwPCD) compared with the
Danish background population.

Methods: Genetically confirmed pwPCD of all ages who consented were included. Data from March 2019 to March
2022 covered SARS-CoV-2 test results, vaccination status, hospitalization, COVID-19 related morbidity, z-scores of
forced expired volume in one second; z-FEV,, and mortality. SARS-CoV-2-positive participants completed a
retrospective symptom-score questionnaire. Descriptive statistics and linear mixed-effects models were applied.

Results: Of 124 Danish pwPCD, 79 (64%) participated (44% male, median age 24.3, range 0.4-71 years). SARS-CoV-2
positivity was significantly lower in pwPCD (20%) compared to the background population (58%) (p<0.0001). Most
infections (94%) were mild. Hospitalization and mortality rates were comparable (0.8% versus 0,8%; 0% versus 0.2%,
respectively). Vaccination acceptance was high (92% versus 82%), though it varied by age. z-FEV, remained stable
pre-pandemic (0.02/year, p=0.65) and during the pandemic (-0.03/year, p=0.44), with only a clinical negligible
difference (-0.09/year, p=0.024).

Discussion: COVID-19 had minimal health impact on pwPCD, with fewer infections, high vaccination adherence, and
stable lung function. These findings contrast with concerns about severe outcomes in chronic lung disease and may
reflect adherence to preventive measures.

Conclusion: Stringent health measures and proactive care may effectively protect pwPCD during pandemics. Similar
strategies could be applied in future pandemics to protect pwPCD or other chronic lung diseases.

Keywords: Primary ciliary dyskinesia (PCD), Lung function, SARS-CoV-2, Morbidity, Safety guidelines, Vaccination.

License (CC-BY 4.0), a copy of which is available at: https://creativecommons.org/licenses/by/4.0/legalcode. This license
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are
credited.

© 2026 The Author(s). Published by Bentham Open.
This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public
CrossMark

Received: May 02, 2025
Revised: December 03, 2025
Accepted: December 05, 2025

*Address correspondence to these authors at the Department of Paediatrics and Adolescent Medicine, Danish PCD Centre,

Paediatric Pulmonary Service, Copenhagen University Hospital, Rigshospitalet, Copenhagen, Denmark and Department of . R

Clinical Medicine, University of Copenhagen, Copenhagen, Denmark; Tel +45 21261595; Published: March 27, 2026
E-mails: rikke.mulvad.sandvik.01@regionh.dk, kim.g.nielsen@regionh.dk @ ®
Cite as: Sandvik R, Schmidt M, Comert H, Altaraihi S, Pressfeldt M, Holgersen M, Skov M, Buchvald F, Nielsen K. Health

Significance of the COVID-19 Pandemic in People with Primary Ciliary Dyskinesia, A National Cohort Study. Open COVID ], Send Orders for Reprints to
2026; 6: €26669587399468. http://dx.doi.org/10.2174/0126669587399468260325215113 reprints@benthamscience.net


https://opencovidjournal.com/
https://orcid.org/0000-0002-0374-7279
https://orcid.org/0000-0001-6039-541X
https://orcid.org/0000-0001-5906-9449
https://creativecommons.org/licenses/by/4.0/legalcode
mailto:rikke.mulvad.sandvik.01@regionh.dk
mailto:kim.g.nielsen@regionh.dk
http://dx.doi.org/10.2174/0126669587399468260325215113
http://crossmark.crossref.org/dialog/?doi=10.2174/0126669587399468260325215113&domain=pdf
https://creativecommons.org/licenses/by/4.0/
mailto:reprints@benthamscience.net
https://opencovidjournal.com/

2 The Open COVID Journal, 2026, Vol. 6

1. INTRODUCTION

Chronic respiratory diseases are well-established risk
factors for severe COVID-19 outcomes associated with
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2).[1-3]. However, data on specific conditions and
their impacts remain limited. In most cases, SARS-CoV-2
infection results in mild to moderate illness, with recovery
typically occurring without the need for specialized
medical intervention such as emergency care,
hospitalization, or intensive care. Contrarily, research
indicates that individuals with chronic respiratory
conditions including cystic fibrosis and chronic
obstructive pulmonary disease - are at increased risk of
severe illness, admission to intensive care units, and
higher mortality rates[4-7].

Primary ciliary dyskinesia (PCD) is a rare genetic
disorder with an estimated minimum prevalence of 1 in
7,554[8]. It is characterized by defective motile cilia
function, leading to chronic upper and lower airway
disease, impaired lung function, and structural lung
damage[9]. The severity of PCD varies considerably among
individuals, ranging from mild respiratory symptoms to
severe, irreversible lung disease with reduced lung
function and bronchiectasis[10-13]. The clinical
presentation and outcomes of COVID-19 in individuals
with PCD remain poorly characterized and may differ due
to the heterogeneous nature of the disease[14].

The entire Danish cohort of people with PCD (pwPCD)
is monitored centrally at the National Danish PCD Center
in Copenhagen, providing a unique opportunity to assess
the health impact of the COVID-19 pandemic in this
population.

The objective of this study was to evaluate whether the
strategy implemented at our PCD center effectively
mitigated the risk of severe COVID-19-related pulmonary
disease among these patients.

We hypothesized that pwPCD demonstrated high
adherence to our guidelines, likely driven by both patient
and provider concerns regarding severe COVID-19 lung
disease, and that our stringent safety measures conferred
a protective benefit during the pandemic. This study
aimed to report SARS-CoV-2 infection rates, morbidity,
mortality, and longitudinal lung function stability in
Danish individuals with PCD during the national lockdown
period.

2. METHODS AND ANALYSES

2.1. Design and Study Population

This was a single-center, national observational cohort
study conducted at the National Danish PCD Center,
Copenhagen University Hospital. The study included all
individuals of any age with genetically confirmed PCD who
provided written informed consent.

Exclusion criteria were the absence of signed informed
consent or the lack of genetic confirmation of the PCD
diagnosis.

Data were extracted from participants’ electronic
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medical records, and COVID-19 symptom data were
retrospectively collected through a symptom-score
questionnaire sent to patients who had at least one
positive SARS-CoV-2 test.

2.2. Study Procedures and Questionnaire

At the onset of the pandemic in Denmark, national
authorities implemented strict lockdown measures
beginning on 12 March 2020, including social restrictions
and stringent hygiene recommendations. These
restrictions were intermittently lifted and reintroduced
with varying degrees of stringency until March 2022. Due
to their presumed vulnerability, Danish pwPCD were
advised to adhere to strict isolation measures similar to
those recommended for individuals with other chronic
respiratory diseases during the entire pandemic[15-17].
Significant resources were allocated at the National
Danish PCD Center to implement safety protocols aimed at
protecting both healthcare workers and patients, as
pwPCD were classified as “high-risk patients”. Aerosol-
generating procedures, such as lung function test and
laryngeal suction/expectoration, were performed daily at
the center. Safety measures, therefore, included
mandatory negative polymerase chain reaction (PCR)
testing for the patient or their parent (for children under 5
years), conducted within 48 hours before a visit.
Protective equipment, including face masks, was required
for healthcare workers, parents, and patients during
examinations. For aerosol-generating procedures,
healthcare workers additionally wore long-sleeved
protective gowns. To compare data between the pandemic
period and the preceding year, we collected demographic
data and comprehensive healthcare data from March 2019
to March 2022, including SARS-CoV-2 testing, vaccination
status, unplanned hospital visits or admissions, COVID-19-
related morbidity, and lung function measurements (z-
scores of forced expired volume in one second; z-FEV,).

Participants who tested positive for SARS-CoV-2
during the study period were asked to complete a self-
reported symptom-score questionnaire. This questionnaire
included items on symptoms, illness duration, healthcare
visits (emergency department, general practitioner), and
hospitalizations. For children under 15 vyears, the
questionnaire was completed by the parents or guardians,
whereas individuals aged 15 years and older completed
the questionnaire themselves. Data regarding emergency
visits or hospitalizations were verified in patients’ medical
records.

2.3. Outcomes

The primary outcomes of the study included: the
number of SARS-CoV-2 tests performed during the study
period; the ratio of positive SARS-CoV-2 tests per patient;
SARS-CoV-2 vaccination status; COVID-19 related
hospitalization (categorized as: emergency room only,
hospital admission; intensive care unit admission; and
number of days hospitalized); morbidity data (symptoms
during COVID-19, duration of symptoms, and need of
general practitioner visits); lung function assessed as z-
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FEV,, calculated using the global lung initiative (GLI) 2012
dataset [18, 19]; and mortality rates. As FEV, was

expressed as a z-score, adjustments were made for sex,
age, and height. For vaccination status and SARS-CoV-2
positive patients, differences were analysed according to
age.

Although specific SARS-CoV-2 variants were not
available, dates of positive PCR tests were correlated with
publicly available data on predominant variants in
Denmark from Statens Serum Institut, the national disease
surveillance authority [15].

2.4. Ethics

The study was approved by the Center for Research
and Innovation in the Capital Region of Denmark
(P-2021-541), including permission to contact families
outside the clinic (R-21041716). As a non-interventional
observational study, additional approval from the ethics
committee was not required. The study adhered to the
principles of the Helsinki Declaration.

Patients were recruited either by telephone or during
routine outpatient visits between July 2021 and June 2022.
Participants aged 15 years and older provided informed
consent before inclusion, while parents or legal guardians
provided consent for children under 15 years of age.
Parents or legal guardians of adolescents aged 15-17.9
years were informed about the study.

2.5. Background Population

Data on SARS-CoV-2 testing, COVID-19-related
hospitalizations, vaccination status, and mortality rates in
the general population were obtained from publicly
available sources provided by Statens Serum Institut [15].
This dataset served as a benchmark for evaluating
outcomes in pwPCD.

2.6. Statistical Analyses

The size of our study cohort was opportunistic, as all
eligible pwPCD who consented to the study were included.
Therefore, no formal power calculation was performed.
Missing data were assumed to be missing at random,

including non-consent, incomplete lung function data, and
questionnaires.

Statistical analyses were primarily descriptive,
including counts, ratios, percentages, and t-tests for group
comparisons. To describe the SARS-CoV-2 infection rates
among pwPCD, we calculated the proportion of patients
who tested positive during the study period relative to the
total number of included patients.

To assess changes in lung function (z-FEV,) before and

during the lockdown period, we employed a linear mixed-
effects model, adjusting for measurement timing. Patient-
ID and age (slope) were included as random effects,
allowing each patient to have a unique intercept and slope
of lung function over time. This approach enabled
evaluation of longitudinal lung function trajectories and
determination of any significant lockdown-related effects.
The mixed-effect model accounted for varying numbers of
lung function measurements across patients. Analyses
were performed for the entire cohort and stratified by age
groups: children (< 18 years) and adults (=18 years), as
COVID-19 appeared to affect children less severely than
adults.

An unstructured covariance structure was applied to
allow for each pair of observations to have its own
correlation and separate variances for intercept and slope.

All statistical analyses and data visualization were
conducted using R Studio (version 4.2.2), SAS Enterprise
Guide (version 7.1), and Microsoft Excel (2016).

3. RESULTS

The study included 79 individuals aged 0.4 to 71.0
years, representing 64% of the 124 genetically verified
PCD patients monitored at the Danish PCD Center in
Copenhagen. Fig. (1) illustrates a flow diagram of the
inclusion of patients and grouping during the study. At the
beginning of the pandemic, the median age of the cohort
was 24.3 years (interquartile range [IQR ]17.3; 34.0), with
only five patients (6%) aged above 50 years. Forty-four
participants (56%) were females. Demographic
characteristics are presented in Table 1.

Table 1. Demographic characteristics of the 86 people with PCD included in the study.

Patients included in the study, 79 (64%)
N (% of total Danish cohort)
Age (years) 24.3(0.4; 71.0)
Children (0-17.9 years) 22 (28%)
Adults (above 18.0 years) 57 (72%)
50 years and above 9 (11%)
Sex
Male 35 (44%)
Female 44 (56%)
BMI, all (bodyweight/[height in meter]*) 22.3 (15.3; 46.6)
BMI, 16 patients with COVID (bodyweight/[height in meters]’) 19.5 (15.7; 27.0)
Genetic variants associated with PCD

* CCDC39+CCDC40 (often severe) 17 (21.5%)

* DNAH11+HYDIN (often mild) 13 (16.5%)
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Patients included in the study, 79 (64%)
N (% of total Danish cohort)
* DNAI1+DNAH5 20 (25.3%)
¢ Others 29 (36.7%)
Bronchiectasis verified by HRCT, all patients 69 (87%)
Bronchiectasis verified by HRCT, 16 patients with COVID 13 (81%)

Note: Data is given as numbers (%) or median (IQR).

People with genetically confirmed PCD (pwPCD) in
Denmark (N=124)

pwPCD who did not reply to our request or

did not sign informed consent (N=45)

pwPCD who consented to participation in the study.

(N=79)

/\

pwPCD who tested positive for SARS-CoV-2.

(N=16)

pwPCD who did not test positive for SARS-CoV-2.

(N=63)

(N=2)

pwPCD who did not reply to the
questionnaire for unknown reasons.

pwPCD who tested positive for SARS-CoV-2 and

answered the follow-up questionnaire.

(N=14)

Fig. (1). Flow diagram showing the selection of patients in the study and grouping within the cohort.

3.1. Incidence and Severity of COVID-19

During the study period, each pwPCD underwent
between one and 76 officially registered SARS-CoV-2 PCR
tests. In total, 1718 PRC tests were conducted, with a
median of 19 tests per patient (IQR: 12-27). Of all tests, 16
(0.9%) were positive, and no patients had more than one
positive test. Overall, 16 out of 79 pwPCD (20%) tested
positive for SARS-CoV-2. This was significantly lower than
the 58% infection rate observed in the general population,
corresponding to a difference of 38% (95%CI: 27.6% to
44.2%, P < 0.0001).

No pwPCD tested positive for the index variant of
SARS-CoV-2 during the initial phase of the pandemic when
complete lockdown measures were in place. Additionally,
none of the patients tested positive in the subsequent
months, during which both children and adults with
chronic lung diseases were advised to adhere strictly to
the safety guidelines, despite the gradual normalization of
social activities in the country. The first positive test
occurred in December 2020, when the Alpha (B.1.1.7)
variant was the predominant strain in Denmark. Five
patients tested positive between December 2020 and July
2021, where the dominant variants were Alpha and Delta
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(B.1.617.2, AY). The remaining 11 patients all tested
positive between November 2021 and March 2022 during
the time dominated by the very contagious, but in general
milder disease-causing variant, Omicron (B.1.1.529, BA).

Hospitalization rates among pwPCD infected with
SARS-CoV-2 were low: only one patient required a two-day
hospital stay, and none required intensive care. This
corresponds to 6.3% of the infected patients in the study
cohort, 1.2% of the entire study cohort. To our knowledge,
no pwPCD from the non-responding group were
hospitalized due to COVID-19, i.e., only one of the 124
Danish pwPCD that were hospitalized (0.8%). This patient
was a female in her mid-twenties, vaccinated against
SARS-CoV-2, likely infected with the Omicron variant. Her
genetic variant was DNAH11, considered mostly a mild
variant; her pre-infection lung function was normal (z-
FEV,: +0.56); like most pwPCD, she had bronchiectasis

confirmed by high-resolution computed tomography
(HRCT), and a BMI of 27.

malaise/fatigue

fever

running or congested nose
sore throat

laoss of appetite
headache

sneezing

dry cough

chills

joint and muscle pain
difficulty breathing
nausea

abdominal pain
diarrhea

vomiting

altered sense of smell
chest pain

altered sense of taste
urinary tract symptoms

itchy eyes

In comparison, also 0,8% of the background population
required hospitalization due to COVID-19, and 2% of the
background population was admitted to the hospital with a
positive COVID-19 PCR test. Approximately 60-70% of
those admitted due to COVID-19 were aged = 65 years.
The remaining had at least one comorbidity such as
obesity, chronic lung disease, diabetes, cardiovascular
disease, or immunodeficiency. Moreover, while the
mortality rate for COVID-19 in the general population was
0.2%, no deaths occurred among the pwPCD (P = 0.68).

Among the 16 pwPCD who tested positive for SARS-
CoV-2, 14 (88%) completed the follow-up questionnaire. Of
these, 1 patient (7%) reported no symptoms, while the
remaining 86% reported mild symptoms. The median
(range) recovery time was 4 (0; 14) days. Only one patient
experienced persistent gastrointestinal symptoms after
recovery. Rates of symptoms are shown in Table 2 and
Fig. (2).

0 20

40 60 80 100

Fig. (2). Symptoms reported by 14 people with PCD during infection with SARS-CoV-2



6 The Open COVID Journal, 2026, Vol. 6

Sandvik et al.

Table 2. Questionnaire replies from 14 out of 16 patients with PCD who tested positive for SARS-CoV-2 during

the study period.

Answered questionnaire 14 (87.5%)
Sex (female) 9 (64%)
Duration of symptoms (days) 4 (0; 14)
Asymptomatic 1 (7%)
General practitioner visits 5 (35%)
Hospitalization 1 (7%)
Persistent symptoms after recovery 1 (7%)

Note: Data is given as numbers (%) or median (range).

The median (IQR) age at time of positive testing was
18.6 years (13.4; 23.3), with only two preschool children
and one patient above age 30 years (53.5 years). Three of
the 16 SARS-CoV-2 positive patients had no
bronchiectasis; all were children, two with the genetic
variant DNAH5 and one with CCDC39.

3.2. Vaccination

A total of 69 out of 79 pwPCD (87%) received the
vaccination against COVID-19, a rate higher than the 77%
vaccination coverage observed in the background
population. Four of the non-vaccinated pwPCD were
children under five years of age, who were not included in
the vaccination program before November 2022. Only six
pwPCD (8%) declined the vaccination offer, meaning that
92% of pwPCD who were offered the vaccination accepted
it, compared to 82.3% of the background population above
age 5 years. Among children aged 5-11 years (N=4), three
children (75%) received the vaccine, whereas only 37% of
this age group was vaccinated in the general population.
However, in our cohort, three children (27%) aged 12-19
years were not vaccinated, compared to 17% in the
general population.

Of the 16 pwPCD infected with SARS-CoV-2, four
(25%) were never vaccinated (aged 2, 3, 14, and 30 years),
and three (19%) contracted COVID-19 before receiving
vaccination. The remaining nine patients (56%) were
infected with the Omicron variant despite previous
vaccinations.

The median (range) age of pwPCD at the time of their
last vaccination dose was 26.3 (9.7; 72.5) years.

3.3. Lung Function and COVID-19

Over the three years from March 2019 to March 2022,
we analysed 605 spirometry measurements from 68
pwPCD, representing 86% of the study cohort. Data were
missing for 11 pwPCD, five of whom were six years or
younger. The median (IQR) number of lung function tests
per participant was nine (7; 11); three (2; 4) in the year
before the COVID-19 lockdown and two (2; 3) and three
(2; 4) in the first and second year of the pandemic,
respectively.

Using a mixed effect regression model, the mean (95%
CI) z-FEV, for the group during the year before lockdown

was -2.10 (-2.48; -1.73). The lung function remained stable
both during the year before lockdown (12 March 2019 to

11 March 2020) and throughout the two subsequent years
of the pandemic (12 March 2020 to 11 March 2022). The
mean (95%CI) change in z-FEV, pre-pandemic was 0.02
(-0.20; 0.16) vs. an annual change in z-FEV, during the
pandemic of -0.03 (-0.09; 0.04). This was a nonsignificant
difference in progression rates. However, there was a
statistically significant, but clinically negligible difference
in the mean z-FEV, of -0.09 (-0.17; -0.01), p = 0.0237
between the pre-pandemic and the pandemic periods.
Furthermore, there was no significant difference in mean
z-FEV, or its rate of change between children and adults in
the study.

4. DISCUSSION

This study is unique in its inclusion of two-thirds of the
entire national cohort of genetically verified pwPCD. It not
only evaluates longitudinal lung function data before and
during the COVID-19 pandemic. It also integrates critical
information on COVID-19 testing, vaccination, and
symptoms during SARS-CoV-2 PCR positivity, providing a
comprehensive assessment of the pandemic’s impact on
this patient population. Our study reveals that the Danish
pwPCD, traditionally classified as high-risk patients,
exhibited a significantly lower incidence of SARS-CoV-2
infections compared to the general population, with
minimal impact on health, as evidenced by stable lung
function trends. We found no increased risk of severe
COVID-19 outcomes in this group, with hospitalization and
mortality rates mirroring those of the background
population, however interpreted from a relatively small
number of cases. Our results align with a larger
questionnaire-based online-study that included self-
reported data from individuals with confirmed or
suspected PCD[19]. This study also documented primarily
mild COVID-19 disease. However, our study differs by
including only genetically confirmed cases and by using
data extracted from medical records. The observation of
stable lung function throughout the pandemic represents a
novel finding.

Notably, 94% of pwPCD above age five years were
vaccinated, a rate higher than that of the background
population (82%). Furthermore, only five patients (6%)
were infected before vaccines became available, and the
majority (75%) of the infected pwPCD were school-aged
children or young adults. These findings suggest that our
cohort may have adhered to more rigorous preventive
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measures, such as strict isolation and enhanced hand
hygiene, which could have contributed to lower infection
rates, particularly among older pwPCD. It is also plausible
that these patients had fewer social contacts due to
health-related anxiety, although this was not examined in
our study.

In general, Denmark implemented one of the strictest
national lockdowns and offered extensive free testing,
which may have contributed to the low infection rates
among both pwPCD and the general population. The
number of SARS-CoV-2 PCR tests per patient was high
during the pandemic (median 19, IQR 12-27 in two years).
In addition, there was a widespread use of home tests,
which are not accounted for in this analysis. The general
recommendation during the pandemic was that a positive
antibody or home test should be confirmed by an official
PCR test. Nevertheless, some infections may have been
missed if patients did not follow this recommendation. All
patients, except two infants born during the pandemic,
underwent at least three official PCR tests.

Those infected generally experienced only mild
COVID-19 disease. Factors such as young age, normal
BMI, high vaccination coverage, and the predominance of
the Omicron variant in those infected may have
contributed to these mild outcomes.

The adherence of pwPCD to isolation and
precautionary behaviours aligns with findings from other
studies, suggesting that individuals with chronic
respiratory conditions tend to follow public health
guidelines more diligently when enforced by national
authorities[20]. However, the downside of strict isolation
may include an increased risk of depression[21]. The
higher vaccine acceptance among pwPCD was consistent
with prior studies indicating increased vaccine willingness
within this population[20].

Despite concerns about severe COVID-19 risk in
pwPCD, lung function remained stable before and
throughout the lockdown period. The finding of stable lung
function in the year preceding lockdown is noteworthy and
contrasts with the expected decline observed in other
studies involving Danish pwPCD[22]. Similarly, lung
function stability during the lockdown suggests that
reduced exposure to respiratory pathogens in general may
have played a role. Supporting this hypothesis, one study
reported fewer exacerbations during lockdown[23].
Likewise, another study observed no significant difference
in hospitalization rates due to exacerbations among
paediatric patients with cystic fibrosis, interstitial lung
disease, and PCD, when comparing pre-pandemic and
pandemic periods, despite markedly reduced outpatient
visits and pulmonary lung function testing[24]. Likewise,
fewer routine visits during lockdown did not seem to
negatively affect respiratory health in our study.

5. STRENGTHS AND LIMITATIONS

One of the key strengths of this study is the inclusion
of 66% of the total national cohort. Also, the access to
comprehensive clinical data obtained directly from the
medical records is a strength. These data included severity

measures such as genetic diagnosis of PCD, lung function,
age, height, weight, treatment, and symptoms during
hospitalization. This approach provides a more accurate
assessment compared to self-reported data as used in
previous studies by Pedersen et al.[14, 19, 20].
Additionally, our cohort consists of a well-characterized
group of patients with genetically confirmed PCD
diagnoses, unlike studies that include individuals with
both self-reported, suspected, and confirmed cases[14, 19,
20]. We closely monitored patients throughout the
COVID-19 pandemic and collected extensive data
longitudinal lung function data during this period.
However, a notable limitation of our study is the relatively
small sample size of 79 patients, which, although
representing the majority (64%) of the Danish PCD
population, may limit the generalizability of the findings.
In particular, the small number of pwPCD (16) who tested
positive for SARS-CoV-2 constrains the interpretation of
infection-related outcomes. The remaining 36% of pwPCD
in Denmark did not respond to our invitation to participate
in the study, leaving uncertainty regarding potential
selection bias related to age, comorbidities, geographical
location (urban vs rural), or attitudes towards COVID-19.
As non-responders did not consent, no systematic
comparison was possible. In general, however, pwPCD in
Denmark attend the monitoring program regularly
regardless of distance to the hospital in Copenhagen,
socio-economic status, or health status. Patients with more
severe lung disease were highly compliant with scheduled
visits. In this cohort, the mean and median ages of those
with fewer than half of the expected visits (the non-
compliant group, N=15) were not significantly different
from those who attended more visits (compliant group,
N=64). However, only four children were in the non-
compliant group compared to 13 in the compliant group.
Likewise, only one patient was older than 40 years in the
non-compliant group compared to 11 in the compliant
group. The median (IQR) z-FEV, in the non-compliant
group was -1.62 (-2.81; -0.16) compared to -2.51 (-3.47;
-1.40) in the compliant group.

The relatively young median age of our cohort, the
high socio-economic support in Denmark through a
universal healthcare system, and the high vaccination
uptake (94%) are all protective factors against severe
COVID-19, which may have influenced the study results.

Symptom data were available in the medical records
for only one hospitalized patient. The remaining 15
patients with COVID-19 did not consult the hospital or
outpatient clinic during their illness. Although some
misclassification bias may arise from the retrospective
self-reporting, it seems unlikely that patients with severe
symptoms would have failed to seek medical care.

CONCLUSION

At the onset of the COVID-19 pandemic, it was
uncertain whether pwPCD were at increased risk for
severe COVID-19 outcomes. Our findings indicate that
pwPCD in Denmark had a lower incidence of reported
SARS-CoV-2 infections compared to the background
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population, and those who were infected experienced only
mild symptoms. This may be attributed to the stringent
lockdown measures, self-isolation protocols, and extensive
testing implemented by the Danish government and the
Danish PCD Center in Copenhagen, particularly in the
early stages of the pandemic. Notably, no patient tested
positive for the index variant, and only five pwPCD were
infected with SARS-CoV-2 Alpha or Delta variants. Most
infections occurred post-vaccination and were caused by
the milder Omicron variant.

Overall, the COVID-19 pandemic had minimal health
impact on our cohort of pwPCD, with no mortality and
stable lung function throughout the study period.

Future Scope and Prospects

In the event of a future viral pandemic, the strategies
employed during the COVID-19 pandemic demonstrate
that it is possible to protect vulnerable patient groups
from infection. Similar measures could therefore be
considered as effective interventions in future pandemics.

Significance of this Study for Society

Evaluating health strategies implemented during the
COVID-19 pandemic is essential for informing future
public health responses. In our study, pwPCD were not
infected with the more severe Alpha-variant of SARS-
CoV-2, and most patients remained uninfected until after
vaccination, which appears to have protected them from
severe COVID-19-related lung disease. These findings
underscore the importance of proactive measures and
vaccination strategies for safeguarding vulnerable
population groups. However, the generalizability of our
study results may be limited by the relatively small size of
our country and, consequently, the limited sample size.

People with primary ciliary dyskinesia followed the
stringent health measure advisements, including social
isolation, extensive hygiene measures, and vaccination,
leading to low infection rates and stable lung function
during the COVID-19 pandemic.

AUTHORS’ CONTRIBUTIONS

The authors confirm contribution to the paper as
follows: F.B., M.S., R.M.S., and K.G.N.: Made substantial
contributions to the study concept and design; H.C., S.A.,
and M.P.: Contributed substantially to data collection;
M.H. and R.M.S.: Analysed the data; M.S. and R.M.S.:
Finalized data collection, analysis, and drafted the
manuscript. All authors critically revised and approved the
manuscript.

LIST OF ABBREVIATIONS

BMI = Body Mass Index

CI = confidence interval
COVID-19 = Coronavirus Disease 2019
FVC = Forced Vital Capacity
IQR = interquartile range

PCD = Primary Ciliary Dyskinesia

Sandvik et al.

PCR = polymerase chain reaction
pwPCD = People with Primary Ciliary Dyskinesia
SARS-CoV-2 = Severe Acute Respiratory Syndrome

Coronavirus 2

z-FEV1 = z-scores of Forced Expiratory Volume in
the first second

ETHICAL APPROVAL AND CONSENT TO

PARTICIPATE

The study was approved by the Center for Research
and Innovation in the Capital Region of Denmark
(P-2021-541), including an approval to contact families
outside the clinic (R-21041716). As a non-interventional
observational study, it did not require additional ethical
approval from the ethics committee.

HUMAN AND ANIMAL RIGHTS

All procedures performed in studies involving human
participants were in accordance with the ethical standards
of institutional and/or research committee and with the
1975 Declaration of Helsinki, as revised in 2013.

CONSENT FOR PUBLICATION

Participants aged 15 years and older provided
informed consent before inclusion in the study, while
parents or legal guardians provided consent for children
under 15 years of age.

AVAILABILITY OF DATA AND MATERIAL

All data generated or analyzed during this study are
included in this published article.

STANDARDS OF REPORTING
STROBE guidelines were followed

FUNDING

This research was funded by Bernelungefonden
(Childrens Lung Foundation).

CONFLICT OF INTEREST

The authors declare no conflict of interest, financial or
otherwise.

ACKNOWLEDGEMENTS
Declared none.

REFERENCES

[1] Gimeno-Miguel A, Bliek-Bueno K, Poblador-Plou B, et al. Chronic
diseases associated with increased likelihood of hospitalization
and mortality in 68,913 COVID-19 confirmed cases in Spain: A
population-based cohort study. PLoS One 2021; 16(11): e0259822.
http://dx.doi.org/10.1371/journal.pone.0259822 PMID: 34767594

[2] Ge E, LiY, Wu S, Candido E, Wei X. Association of pre-existing
comorbidities with mortality and disease severity among 167,500
individuals with COVID-19 in Canada: A population-based cohort
study. PLoS One 2021; 16(10): e0258154.
http://dx.doi.org/10.1371/journal.pone.0258154 PMID: 34610047

[3] Semenzato L, Botton J, Drouin J, et al. Chronic diseases, health
conditions and risk of COVID-19-related hospitalization and in-
hospital mortality during the first wave of the epidemic in France:


http://dx.doi.org/10.1371/journal.pone.0259822
http://www.ncbi.nlm.nih.gov/pubmed/34767594
http://dx.doi.org/10.1371/journal.pone.0258154
http://www.ncbi.nlm.nih.gov/pubmed/34610047

Health Significance of the COVID-19 Pandemic

(71

(91

[10]

[11]

[12]

[13]

A cohort study of 66 million people. Lancet Reg Health Eur 2021;
8:100158.

http://dx.doi.org/10.1016/j.lanepe.2021.100158 PMID: 34308411
Zhou F, Yu T, Du R, et al. Clinical course and risk factors for
mortality of adult inpatients with COVID-19 in Wuhan, China: A
retrospective cohort study. Lancet 2020; 395(10229): 1054-62.
http://dx.doi.org/10.1016/S0140-6736(20)30566-3 PMID:
32171076

Colombo C, Cipolli M, Dacco V, et al. Clinical course and risk
factors for severe COVID-19 among Italian patients with cystic
fibrosis: A study within the Italian Cystic Fibrosis Society.
Infection 2022; 50(3): 671-9.
http://dx.doi.org/10.1007/s15010-021-01737-z PMID: 34874541
Gerayeli FV, Milne S, Cheung C, et al. COPD and the risk of poor
outcomes in COVID-19: A systematic review and meta-analysis.
EClinicalMedicine 2021; 33: 100789.
http://dx.doi.org/10.1016/j.eclinm.2021.100789 PMID: 33758801
Corvol H, de Miranda S, Dehillotte C, et al. Cumulative incidence
and risk factors for severe coronavirus disease 2019 in French
people with cystic fibrosis. Clin Infect Dis 2022; 75(12): 2135-44.
http://dx.doi.org/10.1093/cid/ciac333 PMID: 35475917

Hannah WB, Seifert BA, Truty R, 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.
http://dx.doi.org/10.1016/S2213-2600(21)00453-7
35051411

Wallmeier J, Nielsen KG, Kuehni CE, et al. Motile ciliopathies. Nat
Rev Dis Primers 2020; 6(1): 77.
http://dx.doi.org/10.1038/s41572-020-0209-6 PMID: 32943623
Frija-Masson ], Bassinet L, Honoré I, et al. Clinical
characteristics, functional respiratory decline and follow-up in
adult patients with primary ciliary dyskinesia. Thorax 2017; 72(2):
154-60.

http://dx.doi.org/10.1136/thoraxjnl-2015-207891 PMID: 27382041
Kinghorn B, McNamara S, Genatossio A, et al. Comparison of
multiple breath washout and spirometry in children with primary
ciliary dyskinesia and cystic fibrosis and healthy controls. Ann Am
Thorac Soc 2020; 17(9): 1085-93.
http://dx.doi.org/10.1513/AnnalsATS.201905-3750C
32603187

Halbeisen FS, Jose A, de Jong C, et al. Spirometric indices in
primary ciliary dyskinesia: Systematic review and meta-analysis.
ERJ Open Res 2019; 5(2): 00231-2018.
http://dx.doi.org/10.1183/23120541.00231-2018 PMID: 31111042
Shah A, Shoemark A, MacNeill S], et al. A longitudinal study
characterising a large adult primary ciliary dyskinesia population.
Eur Respir ] 2016; 48(2): 441-50.
http://dx.doi.org/10.1183/13993003.00209-2016 PMID: 27288033

PMID:

PMID:

[14]

[24

Pedersen ESL, Collaud ENR, Mozun R, et al. COVID-PCD: A
participatory research study on the impact of COVID-19 in people
with primary ciliary dyskinesia. ER] Open Res 2021; 7(1):
00843-2020.

http://dx.doi.org/10.1183/23120541.00843-2020 PMID: 33778058
Historical ~COVID-19  figures. 2023. Available from:
https://www.ssi.dk/sygdomme-beredskab-og-forskning/sygdomsov
ervaagning/c/historiske-covid-19-opgoerelser

People at increased risk for COVID-19. 2021. Available from:
https://www.sst.dk/-/media/Udgivelser/2020/Corona/Oeget-risiko/P
jece-Personer-i-oeget-risiko---Fagligt-
grundlag.ashx?la=da&hash=E7CCE677FACE1651369B2B980747
21FE11B35CF9

Assessment from the Danish Paediatric Society (DPS) on children
and adolescents at increased risk of COVID-19. 2021. Available
from:
http://paediatri.dk/images/dokumenter/Retningslinjer 2021/Vurde
ring fra Dansk Peediatrisk Selskab_om bern og unge med kroni
ske sygdomme og SARS-CoV-2 040721.pdf

Quanjer PH, Stanojevic S, Cole TJ, et al. Multi-ethnic reference
values for spirometry for the 3-95-yr age range: The global lung
function 2012 equations. Eur Respir J 2012; 40(6): 1324-43.
http://dx.doi.org/10.1183/09031936.00080312 PMID: 22743675
Pedersen ESL, Schreck LD, Goutaki M, et al. Incidence and
severity of SARS-CoV-2 infections in people with primary ciliary
dyskinesia. Int J Public Health 2023; 68: 1605561.
http://dx.doi.org/10.3389/ijph.2023.1605561 PMID: 37663372
Pedersen ESL, Mallet MC, Lam YT, et al. COVID-19 vaccinations:
Perceptions and behaviours in people with primary ciliary
dyskinesia. Vaccines 2021; 9(12): 1496.
http://dx.doi.org/10.3390/vaccines9121496 PMID: 34960242

Noij L, Haarman E, Hashimoto S, et al. Depression, anxiety, and
resilience during COVID-19 in Dutch patients with cystic fibrosis
or primary ciliary dyskinesia and their caregivers. Pediatr
Pulmonol 2023; 58(7): 2025-34.
http://dx.doi.org/10.1002/ppul.26427 PMID: 37083207

Marthin JK, Petersen N, Skovgaard LT, Nielsen KG. Lung function
in patients with primary ciliary dyskinesia: A cross-sectional and
3-decade longitudinal study. Am ] Respir Crit Care Med 2010;
181(11): 1262-8.

http://dx.doi.org/10.1164/rccm.200811-17310C PMID: 20167855
Riccio MP, Borrelli M, Fioretti MT, et al. Is quarantine for
COVID-19 pandemic associated with psychological burden in
primary ciliary dyskinesia? Int ] Environ Res Public Health 2020;
17(21): 8099.

http://dx.doi.org/10.3390/ijerph17218099 PMID: 33153080

Nayir Buyuksahin H, Emiralioglu N, Ademhan Tural D, et al.
Impact of COVID-19 on pediatric pulmonology healthcare
practice. Pediatr Pulmonol 2021; 56(9): 2811-7.
http://dx.doi.org/10.1002/ppul.25557 PMID: 34265185

DISCLAIMER: The above article has been published, as is, ahead-of-print, to provide early visibility but is not the final version.
Major publication processes like copyediting, proofing, typesetting and further review are still to be done and may lead to changes in
the final published version, if it is eventually published. All legal disclaimers that apply to the final published article also apply to this
ahead-of-print version.



http://dx.doi.org/10.1016/j.lanepe.2021.100158
http://www.ncbi.nlm.nih.gov/pubmed/34308411
http://dx.doi.org/10.1016/S0140-6736(20)30566-3
http://www.ncbi.nlm.nih.gov/pubmed/32171076
http://dx.doi.org/10.1007/s15010-021-01737-z
http://www.ncbi.nlm.nih.gov/pubmed/34874541
http://dx.doi.org/10.1016/j.eclinm.2021.100789
http://www.ncbi.nlm.nih.gov/pubmed/33758801
http://dx.doi.org/10.1093/cid/ciac333
http://www.ncbi.nlm.nih.gov/pubmed/35475917
http://dx.doi.org/10.1016/S2213-2600(21)00453-7
http://www.ncbi.nlm.nih.gov/pubmed/35051411
http://dx.doi.org/10.1038/s41572-020-0209-6
http://www.ncbi.nlm.nih.gov/pubmed/32943623
http://dx.doi.org/10.1136/thoraxjnl-2015-207891
http://www.ncbi.nlm.nih.gov/pubmed/27382041
http://dx.doi.org/10.1513/AnnalsATS.201905-375OC
http://www.ncbi.nlm.nih.gov/pubmed/32603187
http://dx.doi.org/10.1183/23120541.00231-2018
http://www.ncbi.nlm.nih.gov/pubmed/31111042
http://dx.doi.org/10.1183/13993003.00209-2016
http://www.ncbi.nlm.nih.gov/pubmed/27288033
http://dx.doi.org/10.1183/23120541.00843-2020
http://www.ncbi.nlm.nih.gov/pubmed/33778058
https://www.ssi.dk/sygdomme-beredskab-og-forskning/sygdomsovervaagning/c/historiske-covid-19-opgoerelser
https://www.ssi.dk/sygdomme-beredskab-og-forskning/sygdomsovervaagning/c/historiske-covid-19-opgoerelser
https://www.sst.dk/-/media/Udgivelser/2020/Corona/Oeget-risiko/Pjece-Personer-i-oeget-risiko---Fagligt-grundlag.ashx?la=da&hash=E7CCE677FACE1651369B2B98074721FE11B35CF9
https://www.sst.dk/-/media/Udgivelser/2020/Corona/Oeget-risiko/Pjece-Personer-i-oeget-risiko---Fagligt-grundlag.ashx?la=da&hash=E7CCE677FACE1651369B2B98074721FE11B35CF9
https://www.sst.dk/-/media/Udgivelser/2020/Corona/Oeget-risiko/Pjece-Personer-i-oeget-risiko---Fagligt-grundlag.ashx?la=da&hash=E7CCE677FACE1651369B2B98074721FE11B35CF9
https://www.sst.dk/-/media/Udgivelser/2020/Corona/Oeget-risiko/Pjece-Personer-i-oeget-risiko---Fagligt-grundlag.ashx?la=da&hash=E7CCE677FACE1651369B2B98074721FE11B35CF9
http://paediatri.dk/images/dokumenter/Retningslinjer_2021/Vurdering_fra_Dansk_P%C3%A6diatrisk_Selskab_om_b%C3%B8rn_og_unge_med_kroniske_sygdomme_og_SARS-CoV-2_040721.pdf
http://paediatri.dk/images/dokumenter/Retningslinjer_2021/Vurdering_fra_Dansk_P%C3%A6diatrisk_Selskab_om_b%C3%B8rn_og_unge_med_kroniske_sygdomme_og_SARS-CoV-2_040721.pdf
http://paediatri.dk/images/dokumenter/Retningslinjer_2021/Vurdering_fra_Dansk_P%C3%A6diatrisk_Selskab_om_b%C3%B8rn_og_unge_med_kroniske_sygdomme_og_SARS-CoV-2_040721.pdf
http://dx.doi.org/10.1183/09031936.00080312
http://www.ncbi.nlm.nih.gov/pubmed/22743675
http://dx.doi.org/10.3389/ijph.2023.1605561
http://www.ncbi.nlm.nih.gov/pubmed/37663372
http://dx.doi.org/10.3390/vaccines9121496
http://www.ncbi.nlm.nih.gov/pubmed/34960242
http://dx.doi.org/10.1002/ppul.26427
http://www.ncbi.nlm.nih.gov/pubmed/37083207
http://dx.doi.org/10.1164/rccm.200811-1731OC
http://www.ncbi.nlm.nih.gov/pubmed/20167855
http://dx.doi.org/10.3390/ijerph17218099
http://www.ncbi.nlm.nih.gov/pubmed/33153080
http://dx.doi.org/10.1002/ppul.25557
http://www.ncbi.nlm.nih.gov/pubmed/34265185

	[1. INTRODUCTION]
	1. INTRODUCTION
	2. METHODS AND ANALYSES
	2.1. Design and Study Population
	2.2. Study Procedures and Questionnaire
	2.3. Outcomes
	2.4. Ethics
	2.5. Background Population
	2.6. Statistical Analyses

	3. RESULTS
	3.1. Incidence and Severity of COVID-19
	3.2. Vaccination
	3.3. Lung Function and COVID-19

	4. DISCUSSION
	5. STRENGTHS AND LIMITATIONS
	CONCLUSION
	Future Scope and Prospects
	Significance of this Study for Society
	AUTHORS’ CONTRIBUTIONS
	LIST OF ABBREVIATIONS
	ETHICAL APPROVAL AND CONSENT TO PARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	AVAILABILITY OF DATA AND MATERIAL
	STANDARDS OF REPORTING
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES


