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Abstract

Background: Infants with cystic fibrosis (CF) develop structural lung disease early in life, and
viral infections are associated with progressive lung disease. We hypothesized that the presence
of respiratory viruses would be associated with structural lung disease on computed tomography
(CT) of the chest in infants with CF.

Methods: Infants with CF were enrolled before 4 months of age. Multiplex PCR assays

were performed on nasal swabs to detect respiratory viruses during routine visits and

when symptomatic. Participants underwent CT imaging at approximately 12 months of

age. Associations between Perth—Rotterdam Annotated Grid Morphometric Analysis for CF
(PRAGMA-CF) CT scores and respiratory viruses and symptoms were assessed with Spearman
correlation coefficients.

Results: Sixty infants were included for analysis. Human rhinovirus was the most common virus
detected, on 28% of tested nasal swabs and in 85% of participants. The median (IQR) extent of
lung fields that was healthy based on PRAGMA-CF was 98.7 (0.8)%. There were no associations
between PRAGMA-CF and age at first virus, or detection of any virus, including rhinovirus,
respiratory syncytial virus, or parainfluenza. The extent of airway wall thickening was associated
with ever having wheezed (p = 0.31, p = 0.02) and number of encounters with cough (p =0.25, p =
0.0495).

Conclusions: Infants with CF had minimal structural lung disease. We did not find an
association between respiratory viruses and CT abnormalities. Wheezing and frequency of cough
were associated with early structural changes.

Keywords
Cystic fibrosis; viruses; respiratory infection; Chest computed tomography; newborn screening

Introduction

Infants with cystic fibrosis (CF) can develop trapped air and bronchiectasis early in life,
even before 6 months of age, and in the absence of detectable CF respiratory pathogens

(1). Viral infections are associated with progressive clinical deterioration and significant
morbidity in people with CF (2-5). However, there is insufficient information regarding the
role of respiratory viruses in the pathogenesis of early CF lung disease. Viruses may alter the
airway environment to permit bacterial colonization and interfere with bacterial clearance
from the lungs (6-10). We have previously shown that respiratory viruses were present in
52% of acute courses of oral antibiotics in infants with CF, and a history of detection

of respiratory viruses is associated with elevated neutrophil concentrations and bacterial
isolates in bronchoalveolar (BAL) fluid (11).

We hypothesized that early viral infections accelerate progression of structural lung
disease in infants with CF. In this manuscript, we describe the frequency of detection of
respiratory viruses and respiratory symptoms over the first year of life in infants with

CF who were evaluated prospectively at four US and Australian CF centers. In addition,
using computerized tomographic (CT) imaging of the chest, we describe lung and airway
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abnormalities and their association with respiratory viruses and respiratory symptoms,
building on our previous work (11).

Materials and Methods

Participants

Participants were enrolled at four sites, Riley Hospital for Children (Indianapolis, USA);
St. Louis Children's Hospital (St. Louis, USA); Princess Margaret Hospital for Children
(Perth, Australia); and Royal Children's Hospital (Melbourne, Australia). Study approval
was obtained from the regulatory boards at each institution. Written informed consent was
obtained from parents prior to enrollment.

All participants were identified following newborn screening and enrolled by 4 months of
age. Inclusion criteria included a diagnosis of CF based on sweat chloride levels 260 mEq/L
or two pathogenic cystic fibrosis transmembrane conductance regulator (CFTR) variants.
Exclusion criteria included the inability to successfully or safely perform study visits.

Study visits were scheduled at 1- to 3-month intervals, coordinating with routine clinic
appointments. A history and physical examination were performed at visits. Parents were
contacted weekly via telephone to assess for new respiratory symptoms using a standardized
questionnaire (Online supplement). Specifically, parents were asked if their infant wheezed,
had a cough, nasal symptoms, fever, altered breathing, or reduced activity. The same
symptoms may have been reported on weekly phone calls and at clinic visits.

Chest imaging

Specimens

Chest CT imaging was performed with sedation or anesthesia at 12 to 18 months

of age. Volumetric images were obtained after recruitment inflations at a standardized
transpulmonary pressure, 25 cm H,0, and repeated after exhalation at a standardized
transpulmonary pressure, 0 cm HoO (12, 13). At Erasmus Medical Center (Rotterdam,
Netherlands), deidentified chest CT scans were scored in random order by an independent,
highly experienced, certified observer using the quantitative Perth-Rotterdam Annotated
Grid Morphometric Analysis for CF (PRAGMA-CF) scoring system (14). The extent
(represented as volume proportions of the lung) of bronchiectasis (% Bronchiectasis),
mucus plugging (% Mucus plugging), airway wall thickening (% Airway wall thickening),
atelectasis (% Atelectasis), and total airways disease (% Total airway disease, equivalent to
the sum of the three subscores) were determined after adjusting for the extent of atelectasis.
On expiratory scans, trapped air (% Trapped air) was determined. A second independent
certified observer scored a subset of the chest CT scans to assess inter-observer agreement in
PRAGMA-CF subscores.

Nasal swabs were obtained at research clinic visits. When participants were symptomatic,
the parents were instructed to collect a swab at home (FLOQSwabsTM and UTMTM Viral
Transport Media, COPAN Diagnostics, Murrieta, CA). Parents were trained in collection
techniques by research personnel in clinic. Viral analysis was performed at the Special
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Projects Laboratory at Washington University. Respiratory virus polymerase chain reaction
(PCR) was performed using the GenMark eSensor Respiratory Viral Panel using a research
protocol that allowed identification of the following viruses: influenza A, influenza A

2009 H1N1, influenza B, respiratory syncytial virus A and B, parainfluenza viruses 1-4,
human rhinovirus, human metapneumovirus, coronaviruses OC43, 229E, NL63, and HKU1,
adenovirus B/E, adenovirus C (GenMark Diagnostics Inc. Carlsbad, CA).

Statistical analysis

Comparisons were performed using Student's t-tests for continuous variables, with log-
transformations or Wilcoxon-Kruskal-Wallis tests when the data were skewed, and Chi-
Square tests for categorical variables, with Fisher's Exact tests when cell counts were small.
The intraclass correlation coefficient (ICC) was used to measure inter-observer agreement
for PRAGMA-CF subscores. ICC values between 0<0.4, 0.4 and <0.6, 0.6 and <0.8, or 0.8
were considered to indicate poor, moderate, good, and excellent agreement, respectively.

Associations between the detection of respiratory viruses and PRAGMA-CF scores were
tested with Spearman correlation coefficients. Participants were classified as “ever” or
“never” having any detected respiratory virus, as well as ever/never for specific viral
species, and the frequency of positive viral swabs. Comparisons were repeated, removing
any potential confounding effect of continent by computing partial correlation coefficients.
Associations between symptom reporting and PRAGMA-CF scores were assessed similarly.
Reported respiratory symptoms were further categorized according to Korten et al:(15)
nasal symptoms only, upper respiratory tract symptoms (cough without wheezing or altered
breathing), and lower respiratory tract symptoms (wheezing and/or altered breathing). Based
on the initial associations of interest between respiratory viruses, respiratory symptoms,

and PRAGMA-CF scores, we performed two sensitivity analysis: (Z)to determine if the
subset of detected respiratory viruses that occurred within £7 days of lower respiratory tract
symptoms were correlated with PRAGMA-CF scores, and (2) to determine if the subset

of respiratory symptoms that occurred within £7 days of detected respiratory viruses were
correlated with PRAGMA-CF scores.

In order to examine variables as possible confounders, we performed bivariate analyses
using correlation or Wilcoxon tests, depending on the distribution of the data, including
continent, age, sex, genotype, smoke exposure (/7 utero or secondhand), daycare,

breast feeding, and the presence of classical CF pathogens, defined as: Haemophilus
influenzae, methicillin-resistant (MRSA) and -sensitive (MSSA) Staphylococcus aureus,
Pseudomonas aeruginosa, and Stenotrophomonas maltophilia, from oropharyngeal swabs
obtained clinically or in bronchoalveolar lavage (BAL) fluid. In the event the initial analyses
were significant, confounding variables were to be used in multivariate models to determine
if the initial result would be attenuated. Analyses were performed using SAS v9.4 (SAS
Institute, Cary, NC) with p-values < 0.05 considered statistically significant.
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Study cohort

A total of 109 infants were screened from May 2013 to December 2016. Seventy-eight
infants were enrolled and 73 were included for analysis (21 from the US and 52

from Australia) (Table 1). Five participants were excluded from this analysis because

of insufficient follow-up data to describe detection of respiratory viruses. Thirty-four
participants also participated in a randomized trial of azithromycin; these participants could
have received azithromycin or placebo. Mean (SD) age at enrollment was 3.1 (0.8) months.
Participants remained in the study for a mean (SD) duration of 8.7 (1.5) months. All but one
participant from Australia received daily amoxicillin-clavulanate as respiratory prophylaxis.

Respiratory viruses

A total of 820 nasal swabs were tested, a median of 10 swabs collected per participant
(range 7-14) (Table 2). Overall, 304 (37%) nasal swabs were positive for at least one virus,
with at least one positive swab in 65 (89%) participants. Among these 65 infants, the mean
(SD) number of positive swabs was 4.7 (3.5). Human rhinovirus was the most common virus
detected, found in 28% of analyzed nasal swabs and in 85% of participants. Adenovirus

and influenza were detected infrequently and not tested for associations with PRAGMA-CF
scores.

PRAGMA-CF Scores

Sixty of the 73 participants had a chest CT scan scored using the quantitative PRAGMA-CF
scoring system at a mean (SD) age of 13.0 (1.8) months (Table 3 and Figure E1). Expiratory
images were evaluable for 53 participants. Overall, of the lung fields evaluated in these
participants, the median (IQR) percent that was healthy was 98.7 (0.8)%. The inter-observer
ICC was excellent for % Bronchiectasis and % Atelectasis, good for % Total airways
disease, moderate for % Trapped air, and poor for % Mucus plugging and % Airway wall
thickening.

Correlations between any virus detected, age of first virus detection, or presence of
rhinovirus, respiratory syncytial virus (RSV), or parainfluenza with any of the PRAGMA-
CF subscores were weak and no differences were found (Table E1). Similarly, there were
also no significant differences in mean PRAGMA-CF scores when comparing participants
who were ever/never positive for any virus (Figure 1), rhinovirus, RSV, or parainfluenza,
or by total number of positive viral swabs (Figure E2) or total number of positive
rhinovirus swabs (Figure E3). Adjusting for any potential confounding effect of continent
using partial correlations did not substantially change correlations (Table E2). Correlations
between PRAGMA-CF subscores and detection of parainfluenza, coronavirus, or human
metapneumovirus were also weak (data not shown).

We explored cohort characteristics listed in Table 1 for potential confounders. Median
(IQR) % Airway wall thickening was higher in the US, [1.7 (1.3, 2.0)%], than in Australia
[1.0 (0.7, 1.2)%], p = 0.0023 (Table 3). This difference also drove a signficiant difference
between the US and Australia in % Total airways disease. The median (IQR) percent
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of the lung fields that was healthy did not differ by continent, p = 0.21. Male sex was
associated with a higher mean (SD) number of total positive swabs, compared to female
sex [6.0 (5.2) vs 3.6 (3.7), p = 0.036]. Older age was associated with a greater extent of

% Airway wall thickening on chest CT, r = 0.26, p = 0.048. There were no associations
between PRAGMA-CF subscores and sex or genotype. No associations were identified with
detection of respiratory viruses or PRAGMA-CF subscores and smoke exposure (/n utero
or secondhand), daycare, or breast feeding. Given small differences, we did not further
assess any of these characteristics using multivariate regression models. There were some
associations between respiratory medications and more frequent respiratory symptoms and
higher (i.e., worse) PRAGMA-CF subscores, likely a result of indication bias (data not
shown). Sixty-eight participants had respiratory culture results available from BAL fluid
obtained at a mean (SD) age of 13.1 (1.9) months. P, geruginosaand S. aureus (MRSA or
MSSA) were only present in 4 participants each. Any classical CF pathogen was present in
11 (16%) participants. There were no associations between BAL respiratory culture results
and detection of respiratory viruses.

Respiratory symptoms

The presence of symptoms was reported commonly by parents and physicians: the median
(IQR) number of positive reports of symptoms during the 9-12 month study period by
parents and/or physicians was 11 (7, 15) (Table 4); resolution of symptoms was not
recorded, so the same episode of symptoms may have been reported more than once. Viruses
were detected on nasal swabs in a median (IQR) of 2 (0, 4) reports of symptoms, but nasal
swabs were collected for less than half of the reports of symptoms. There was a similar
median (IQR) number of reports of symptoms in which the nasal swab was negative for any
virus, 3 (1, 5), or no swab was obtained, 3 (1, 5).

Correlations between symptoms and PRAGMA-CF subscores were assessed using
Spearman correlation coefficients (Table 5), as well as visually (Figure E4). There were

no correlations between any symptoms and % Mucus plugging or % Trapped air (data

not shown), or between any PRAGMA-CF subscore and fever, parental report of altered
breathing, reduced physical activity, or nasal symptoms only. There was a statistically
significant correlation between ever having wheezed and % Airway wall thickening.

This correlation accounted for a similar correlation between ever having wheezed and %
Total airways disease. More frequent encounters with cough was also associated with %
Airway wall thickening. More frequent encounters with cough and lower respiratory tract
symptoms (wheezing and/or altered breathing) were correlated with % Atelectasis. Though
differences existed in the correlations between symptoms and PRAGMA-CF subscores
between continents, these comparisons were limited by the relatively small number (n = 13)
of US participants.

We examined correlations between detected viruses occurring within two weeks of

any respiratory symptoms and PRAGMA-CF subscores (Figure E5 and Figure E6) and
performed two sensitivity analyses. Correlations between the subset of detected respiratory
viruses occurring within two weeks of lower respiratory tract symptoms and PRAGMA-CF
subscores were assessed using Spearman correlation coefficients (Table E3). There were
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statistically significant correlations between having any respiratory virus detected within two
weeks of an episode of lower respiratory tract symptoms and % Airway wall thickening,

and between having rhinovirus detected within two weeks of an episode of lower respiratory
tract symptoms, % Bronchiectasis, and % Airway wall thickening. There was no correlation
between the subset of cough, wheeze, or nasal symptoms reported within two weeks of
detected respiratory viruses (Table E3). These data were also visualized using a heat map,
which did not reveal additional associations (Figure E7).

Discussion

This prospective evaluation of infants with CF failed to show that the detection of respiratory
viruses significantly contribute to the presence of structural lung disease assessed at
approximately one year of age. Overall, we found minimal structural lung disease in

these children. However, we did observe frequent respiratory symptoms and an association
with early airway wall thickening (wheeze and cough) and atelectasis (cough and lower
respiratory tract symptoms). These findings indicate that respiratory symptoms in infants
with CF deserve attention as potential indicators of emerging structural lung disease,

and a window of opportunity exists to address respiratory symptoms; thereby potentially
preventing the development of structural lung disease.

There are conflicting reports in the literature. In one study, Australian infants born between
2005 and 2012 with CF had a significant burden of structural lung disease (1) , while
another cohort born in Great Britain between 2009 and 2012 had only minimal disease
burden (16). These differences may be related to changes of care over the past 15 years,
including implementation of newborn screening. In addition, 34 of the infants in the current
study also participated in a randomized study of early intervention with azithromycin
(NCTO01270074), which may have contributed to improvements in lung disease compared to
historical reports. It is also possible that the current results are due to differences in chest
CT scoring systems. Efforts are underway to evaluate chest CT scans from earlier reports
of structural lung disease in infants with CF using PRAGMA-CF. Finally, current imaging
analysis systems may not be sufficiently sensitive to detect early, subtle signs of CF lung
disease. More sensitive and automated scoring systems are in development (17, 18).

Other factors may also contribute to the lack of association between the detection of
respiratory viruses and structural lung disease. Although our study encompassed the entire
first year of life, it is possible that the effects of viral infections on structural lung disease
are cumulative and will only become evident over time.The epidemiology and frequency of
respiratory viral infection among people with CF does not differ from that of the general
population, but infections tend to be more severe and have a longer duration than in people
without CF (2, 3, 19, 20). Our sensitivity analysis may indicate that respiratory viruses

that are detected concurrently with lower respiratory tract symptoms are associated with
the development of structural lung disease. Viral infections of the respiratory tract alter the
inflammatory response, and prospective studies have shown that these infections influence
early immune development in the lung (4, 21-24). We have previously shown that a history
of detection of respiratory viruses is associated with elevated neutrophil concentrations and
bacterial isolates in BAL fluid in early infancy (11). Given that neutrophilic inflammation
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is a risk factor for structural lung disease in children with CF, (1) it may be that serial CT
imaging may eventually show progression of lung disease.

Our findings suggest that respiratory symptoms in infants with CF deserve attention as
potential indicators of early structural lung disease, and a window of opportunity exists

to address these respiratory symptoms; thereby potentially preventing the development of
structural lung disease. The presence of respiratory symptoms may reflect undetected viral
infections, but there are other contributors to lung disease, such as airway inflammation,
gastroesophageal reflux, cigarette smoke exposure, and air pollution (13, 25-27). More
frequent treatment of respiratory symptoms with oral antibiotics in older children with CF
is associated with improved outcomes (28). Our study design, which included weekly phone
calls in addition to the standard frequency of CF clinic visits, allowed for the detection of
these important clinical symptoms, which may have otherwise been missed.

Improvements in lung disease in infants with CF is a positive development for patients,

but does limit our ability to assess the impact of respiratory viruses. For example, although
PRAGMA-CF subscores have high inter-observer agreement, (14) the ICC for % Mucus
plugging and % Airway wall thickening in our young, healthier, study cohort were poor.
This is because % Mucus plugging is a rare event in young children, and differentiating
between normal airway wall thickness and a thickened airway wall in young children is
difficult. In contrast, the ICC for % Atelectasis was excellent. While atelectasis may occur as
a result of sedation or anesthesia used during imaging, it is also more common in children
with CF with more severe lung disease (29). Despite these limitations, we did observe
associations between respiratory symptoms and early airway wall thickening and atelectasis.

The small number of participants and low frequency of structural lung disease precluded
the use of more sophisticated regression models and limited our ability to adjust for
important confounders. For example, infants followed in Australia were nearly all treated
with daily oral antibiotics as respiratory prophylaxis (30). Infants treated with prophylactic
antibiotics had reduced bacterial diversity of the upper and lower airways, as well as
lower inflammation on bronchoalvolar lavage (30). In the present report, infants from
Australia had less % Airway wall thickening compared to the US, had more encounters
with abnormal breath sounds, and were slightly younger at the time of the chest CT. Our
ability to sort out all of these associations is limited. Similarly, we could not overcome
indication bias to assess the potential impact of medication use on preventing early CF
lung disease. Resolution of symptoms were not recorded, so it is possible that a single
episode of symptoms was reported more than once, i.e., by parents and physicians, or
across multiple weekly parental surveillance reports. However, more frequent reports of
symptoms may serve as an indicator of severity or persistence, and thus may be a useful
indicator of symptoms that warrant additional investigations or treatments. We did not
collect information on siblings, a known risk factor for more frequent viral infections.

Our study is further limited by incomplete collection of nasal swabs during symptomatic
episodes despite our frequent surveillance methods. Our ability to identify a difference in
PRAGMA-CF CT scores based on detection of specific viruses was limited. Detection of
rhinovirus occurred in 85% of study participants; this is higher than the 20% of infants
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who had rhinovirus detected in another recent study (15). It is difficult to determine the
clinical significance of rhinovirus detected by sensitive molecular tests, since it may be a
non-commensal organism that is present but does not incite clinical manifestations (31-33).
Furthermore, viruses typically associated with more severe illnesses, e.g., influenza, were
detected infrequently. Using a recently reported symptom classification scheme,(15) we
attempted to differentiate between upper and lower respiratory tract symptoms, though our
ability to accurately examine any differential effects on progression of lung disease may
be limited due to overall mild disease. Past reports have suggested worsening lung disease
in infants with CF with lower respiratory tract infections, but not in those with upper
respiratory tract infections (2).

In conclusion, our multicenter, binational cohort of infants with CF have minimal structural
lung disease at one year of age. We did not find an association between the detection of
respiratory viruses and structural lung disease at the end of the first year of life, but frequent
respiratory symptoms may be an indication that structural lung disease is progressing.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Box and whisker plot for Ever/Never virus positive and (A) % Total airways disease and (B)

% Airway wall thickening.
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Cohort Characteristics (N = 73)

N (%)
Australia 52 (71%)
Sex (Male) 32 (44%)
Race (Caucasian) 71 (97%)
Ethnicity (Hispanic) 2 (3%)
CFTR Genotype
F508del homozygous 40 (55%)
F508del heterozygous 31 (42%)
Other 2 (3%)
In-utero Smoke Exposure, n=70 8 (11%)
Secondhand Smoke Exposure, n=69 7 (10%)
Any Breast Feeding, n=65 38 (58%)
Attending Day Care at enrollment, n=70 1 (1%)
Dornase alfa (ever) 15 (21%)
Hypertonic saline (ever) 3 (4%)
Inhaled tobramycin (ever) 15 (21%)
Amoxicillin clavulanate prophylaxis 51 (70%)
Amoxicillin clavulanate acute treatment (ever) 23 (32%)
Trimethoprim-sulfamethoxasole (ever) 21 (29%)
Cephalosporin (ever) 14 (19%)
Intravenous (V) antibiotics (ever) 24 (33%)
Mean (SD)
Weight for age at enrollment (z-score); n=71 -0.4(1.1)
Length for age at enrollment (z-score); n=69 -0.4(1.7)
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Summary of Virus Detection

Table 2.

Nasal swabs (N=820)

Infants (N=73)

n (%) n (%)
Any positive 304 (37%) 65 (89%)
Human rhinovirus 228 (28%) 62 (85%)
Human metapneumovirus 9 (1%) 5 (7%)
Respiratory syncytial virus 20 (2%) 11 (15%)
Coronavirus 35 (4%) 21 (29%)
Parainfluenza virus 36 (4%) 19 (26%)
Adenovirus 7 (1%) 3 (4%)
Influenza 3 (0.4%) 3 (4%)
2 viruses detected simultaneously 25 (3%) 14 (19%)
3+ viruses detected simultaneously 4 (0.5%) 2 (3%)
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Table 3.
PRAGMA-CF scores.
PRAGMA-CF Subscores Total Australia us P-value
N =60 N =47 N=13
% Bronchiectasis 0(0,0) 0 (0, 0) 0 (0, 0.04) 0.62
% Mucus plugging 0(0,0) 0(0,0) 0(0,0) 0.78

% Airway wall thickening

11(08,15) 1.0(07,1.2) 1.7(13,2.0) 0.0023

- . *
% Total airways disease

11(08,1.8) 1.0(08,12) 19(1.4,21) 0.0051

% Trapped air >

35(22,60) 42(2566) 28(20,38) 012

% Atelectasis

02(0,09) 01(0,11) 03(0,03) 076

Values are medians (IQRs) with p-values from Wilcoxon non-parametric rank-sum tests.

*
Sum of % Bronchiectasis, % Mucus plugging, % Airway wall thickening

*:

ok
Expiratory scans available for 53 total, 41 in Australia and 12 in the US.
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Table 4.
Symptom reporting per participant during the study.

Reports of symptoms include physician documentation at clinic visits as well as parental reports via weekly
phone calls. Resolution of symptoms was not recorded; the same episode of symptoms may have been
reported more than once.

1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Number of Number of Number of Number of
Reports of Reports of Reports of Reports of
Symptoms Symptoms Symptoms Symptoms with
Virus Positive  Virus Negative  no Nasal Swabs
obtained
Median Median Median Median
(IQR) (IQR) (IQR) (IQR)
Any symptoms (Parental report + physician document) 11 (7, 15) 2(0,4) 3(1,5) 3(0,5)
Any nasal symptoms 7 (3,10) 2(0,3) 2(0,3) 2(0,4)
Any cough 6(3,9) 1(0,3) 2(0,3) 2(0,4)
Wheeze 1(0,2) 0(0,1) 0(0,1) 0(0,1)
Altered breathing 0(0,2) 0(0,1) 0(0, 0) 0(0,0)
Fever 0(0, 1) 0(0, 0) 0(0,0) 0(0, 0)
Reduced activity 1(0,2) 0(0,1) 0(0, 0) 0(0,0)
Nasal symptoms only (no cough, wheeze, or altered breathing) 4(2,6) 0(0,1) 1(0,2) 2(0,4)
Upper respiratory tract symptoms (cough, no wheeze or altered 5(@,7) 1(0,2) 2(0,4) 4(2,6)
breathing)
Lower respiratory tract symptoms (wheezing and/or altered breathing) 1(0,4) 0(0,1) 0(0,1) 0(0,1)
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Correlations between reported symptoms and PRAGMA-CF subscores.

Table 5.

PRAGMA-CF Wheeze -  Cough - per Any nasal Lower respiratory
Subscores ever number of  symptoms - per tract symptoms — per
encounters number of number of
encounters encounters
% Bronchiectasis 0.18 (0.16) 0.18 (0.18) 0.21 (0.11) 0.22 (0.09)
% Airway wall thickening  0.31 (0.02)  0.25 (0.0495) 0.11 (0.39) 0.18 (0.18)
% Total airways disease * 0.29(0.03) 0.24(0.07) 0.12 (0.35) 0.21 (0.11)
% Atelectasis 0.23(0.08)  0.28(0.03) 0.11 (0.41) 0.30 (0.02)

Values are Spearman correlation coefficients (p-values). Correlations with p-values <0.05 are in bold

*
Sum of % Bronchiectasis, % Mucus plugging, % Airway wall thickening
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