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Abstract

Objective: This study compares and contrasts the clinical features of non-cystic fibrosis bronchiectasis with
3 uncommon disorders known to be associated with bronchiectasis but with distinctly different underlying
defined pathophysiologic derangements, namely severe alpha-1 antitrypsin deficiency (AATD), common
variable immunodeficiency (CVI) and primary ciliary dyskinesia (PCD).

Methods: The Bronchiectasis Research Registry provides a central database for studying patients with non-
cystic fibrosis bronchiectasis. This report consists of information from 13 U.S. sites pertaining to the 3 study
diagnoses. Patients with AATD (SZ and ZZ phenotypes only), CVI (patients with IgG<500), PCD (history of
physician diagnosed Kartagener’s syndrome or PCD), and patients with confirmed absence of the above 3
diagnoses (idiopathic control group) were included in the study. Descriptive statistics were computed for the
main demographic and clinical characteristics of the sample stratified by group. Values between the groups
were compared using Kruskal-Wallis test, and Chi-squared/ Fisher’s exact tests respectively. The significance
level was set at 0.05. Software SAS 9.4 was used to perform the statistical analyses.

Results: Of the 2170 participants in the database enrolled as of January 2017, 615 respondents had sufficient
data and were included in the analyses. Patients with PCD (n=79, mean age 41.9 years [standard deviation
(SD)=14.5]) were significantly younger than patients with AATD (n=58, mean age 66.9 [SD=10.7]), CVI (n=18,
mean age 66.7 years [SD=10.5]) or the idiopathic group (n=460, mean age 64.2 [SD=15.9]), p<.0001. Compared
to other groups, those with PCD had lower pulmonary function (forced expiratory volume in 1 second [FEV1]
forced vital capacity [FVC] and FEV1/FVC ratio) (p<0.01), and a greater proportion of them reported having
exacerbations and/or hospitalizations in the past 2 years (p<0.01). Overall, Pseudomonas aeruginosa and
Staphylococcus aureus were the organisms most commonly isolated from sputum. Mycobacterial infection was
most commonly reported in those with AATD.

Conclusions: This report from the U.S. Bronchiectasis Research Registry compares and contrasts differences
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in the clinical features of patients suffering from 3 rare conditions, with different underlying causes, to those
without. The group with PCD had more symptoms, greater morbidity, lower lung function and more commonly
were infected by Pseudomonas aeruginosa. A greater percentage of those with AATD reported mycobacterial
lung involvement.

Abbreviations: alpha-1 antitrypsin deficiency, AATD; common variable immunodeficiency, CVI; primary ciliary dyskinesia, PCD; standard
deviation, SD; forced expiratory volume in 1 second, FEVy; forced vital capacity, FVC; Bronchiectasis Research Registry, BRR; nontuberculous
mycobacteria, NTM; intravenous immunoglobulin, IVIG
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Introduction
The Bronchiectasis Research Registry (BRR)
provides a database for studying associations

between the reported characteristics of non-
cystic fibrosis bronchiectasis in a U.S. population.’
Bronchiectasis may be associated with severe alpha-1
antitrypsin deficiency (AATD)2 —a condition with
defective protease inhibition, common variable
immunodeficiency (CVI)® —a mixed group of
conditions with a defect in humoral immunity and
primary ciliary dyskinesia (PCD)* with a defect in
the airway clearance of secretions. The purpose of
this report is to compare and contrast the clinical
characteristics of bronchiectasis associated with these
rare conditions with idiopathic bronchiectasis. By
comparing and contrasting these conditions against a
control subgroup, the aim of this report is to highlight
these differences and to generate hypotheses about
the pathogenesis of bronchiectasis in the different
conditions.

Methods

This study used baseline data that were extracted
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from the BRR, a centralized database of individuals
with bronchiectasis identified at 13 clinical sites
throughout the United States.! (see online supplement)
The institutional review board of each participating
center approved the study. Participants were enrolled
from 2008 and follow-up data may be submitted
yearly for as long as participants consent to remain
in the Registry. At the time of this report, January
2017, 2170 participants had been enrolled. Adults 18
years or older with a physician-established diagnosis
of non-cystic fibrosis bronchiectasis were eligible for
inclusion. After providing informed consent, enrolled
participants and/or their medical records were queried
by a study coordinator or principal investigator to
obtain demographic, clinical, laboratory, microbiologic,
spirometric, radiographic, and treatment information
using standardized recording forms. Cystic fibrosis
status was established based on clinical history, sweat
chloride and/or genetic testing results at the time of
enrollment into the BRR. Those with known cystic
fibrosis were ineligible for participation. Exacerbations
were recorded as historical information and based on
the answer to the BRR baseline question: “Has the
patient experienced an exacerbation of bronchiectasis
within the past 2 years?” Investigators at each center
had available the definition of an exacerbation as
given by O’Donnell et al® as a guideline for the
response to the question. Data were entered through
a centralized, secure web-based entry system at the
University of North Carolina. Spirometry pre- and
post-bronchodilator results were abstracted. The
diagnosis of pulmonary nontuberculous mycobacteria
(NTM) was extracted from medical records and
reported culture results. Sputum culture results were
also reported.

The database was interrogated for data associated
with a physician diagnosis of severe alpha-1 AATD,
CVI and PCD. Selected characteristics included
demographic and clinical characteristics, chest
imaging, microbiology and pulmonary function.
Severe AATD was defined as those participants
having phenotype PiZZ or PiSZ. CVI was defined as
those reported to have an IgG < 500 mg/dl nearest
to the time point of enrollment. Data on intravenous
immunoglobulin (IVIG) therapy were not available.
PCD was defined as those showing characteristic
clinical manifestations such as organ inversus with
confirmatory testing such as genetic studies, mucosal
biopsy, and nasal nitric oxide as indicated by the
clinical center.

The institutional review board of each participating
site approved the study as well as an administrative
institutional review board for the data collecting center.
All participants in the BRR gave written informed
consent.

Statistical Analysis

Descriptive statistics were computed for main
demographic and clinical characteristics stratified
by rare disease group. The results for continuous
variables were reported as mean * SD, and for
categorical variables by frequencies and proportions.
Values between the groups were compared using non-
parametric Kruskal-Wallis test due to non-normal
distribution of continuous variables, and Chi-squared/
Fisher's exact test for categorical variables. The
significance level was set at 0.05. Post-hoc analyses
were performed using Dunn’s test for continuous
variables and using adjusted standardized residuals
for categorical variables to determine the location of
statistical significance. SAS 9.4 was used to perform
the statistical analyses.

Results

Of the total of 2170 individuals enrolled as of January
2017, data on the status of the diagnoses of interest
were available for 155 individuals with 1 diagnosis and
460 individuals, in whom these conditions had been
excluded, who served as controls (termed “idiopathic”)
(Figure 1). Of the 615 participants included in the
present study, AATD was diagnosed in 9.4% (n=58),
CVI in 2.9% (n=18), and PCD in 12.8% (n=79). Of
the 58 participants reporting AATD phenotype, 37
(63.8%) were PiSZ and 21 (36.2%) were PiZZ.

Baseline Demographics and Medical History

At enrollment, the mean age of the PCD group (41.9
+ 14.5 years) is significantly less than the mean age of
the AATD (66.9 £ 10.7 years), CVI (66.7 = 10.5 years)
and control groups (64.2 + 15.9 years) (p<.0001)
(Table 1). A diagnosis of bronchiectasis was made at a
much younger age in those with PCD than in the other
groups (p<.0001). Table 1 also shows select baseline
demographics and medical history characteristics of
the study cohort. With regards to pulmonary diagnoses,
COPD was more common in those with AATD.
Reported pulmonary exacerbations were significantly
more common in the group with PCD (p=0.002). When
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Figure 1. Flow Diagram of the Study Participants

Assessed for eligibility:
N=2,170
Excluded (n=1.555) due to:
1) No data on Kartagener’s
> syndrome or PCD
2) No data on phenotype
of AATD
3) I1gG>500
Y
Included in the study:
N=615
A4 A4 A 4 A4
AATD ( CVI \ ( PCD N ( “Idiopathic” \
(SZand ZZ (IgG=500) (Diagnosis of (AATD: MM,
only) N=18 Kartagener’s MS, MZ, SS;
N=58 syndrome or IgG=500;
PCD) No diagnosis
N=79 of Kartagener’s
syndrome or
PCD)
__J \ J J

AATD=alpha-1 antitrypsin deficiency; CVI=common variable immunodeficiency; PCD=primary ciliary dyskinesia

Note: This figure was edited by authors during this article’s “Articles in Press” posting. Edits include: change
the N under “PCD” to 79 and adding N=460 under “Idiopathic”. This version is the final version.

compared with the idiopathic group and those with
AATD, a greater percentage of the group with PCD
and CVI reported hospitalizations in the prior 2 years
(p<.0001).

A greater percentage of participants with PCD
reported daily bouts of productive cough and
hemoptysis compared with the CVI and AATD groups
but these symptoms were not significantly more
common overall compared to the other groups. Reports
of dyspnea, chest pain and fatigue were not significantly
different between the groups (data not shown). Undue
fatigue was reported in 46%-66% of participants. Daily
bouts of coughing were significantly more common in
PCD patients than those with AATD or CVI (91.0%
versus 72.4% and 64.7%). Out of 19 patients with PCD
who reported experiencing hemoptysis, 2 (10.5%)
required bronchial embolization or surgery. None of
the AATD or CVI patients who reported experiencing

embolization

hemoptysis required bronchial or
surgery.
Pulmonary Function

Table 1 shows mean spirometry values at baseline.
Spirometry was performed in 93.1% of participants
with AATD, 88.2% of participants with CVI, 98.7%
of participants with PCD, and 96.7% of idiopathic
controls. All 3 groups showed a reduced mean forced
expiratory volume in 1 second (FEVi) to forced
vital capacity (FVC) ratio (< 0.7) indicating airflow
obstruction and a diagnosis of COPD. As a group,
participants with PCD had lower mean spirometry
values with a significantly lower pre-bronchodilator
FEV1% predicted compared to the other groups.
There was no statistically significant difference in %
predicted FEV; and FVC values between the study
groups among participants with post bronchodilator
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Table 1. Select Baseline Demographic and Clinical Characteristics of the
Patients in the Study Sample (n=615)

Idiopathic AATD Cvi PCD  p-value

(N=460) (N=58) (N=18) (N=79)
Age at Enrollment, mean (SD)* 64.2 (15.9) 66.9 (10.7) 66.7 (10.5) 41.9(14.5) <.0001
Age at Bronchiectasis Diagnosis, mean (SD)? 56.5 (15.9) 60.2 (14.8) 64.0(12.5) 22.8(15.7) <.0001
Smoking History, n (%) <.0001
Current smoker 6(1.3) - - 2 (2.6)
Former smoker” 210 (45.7) 22 (37.9) 6 (33.3) 3(16.7)
Non-smoker” 244 (53.0) 36 (62.1) 12 (66.7) 63 (80.8)
Pulmonary Exacerbations in the Past 2 Years, n (%)* 312 (68.1) 34 (61.8) 11 (61.1) 59 (89.4)  0.002
Hospitalizations in the Past 2 years, n (%)b’C 83 (18.2) 1(19.3) 8 (44.4) 8 (48.3) <.0001
Daily Bouts of Coughing, n (%) 373 (81.3) 42 (72.4) 11 (64.7) (91.0) 0.012
Hemoptysis, n (%) 100 (21.9) 1(18.9) 3(16.7) 9(25.3) 0.778
Wheezing, n (%)" 134 (29.1) 5(25.9) 6 (33.3) 55 (70.5) <.0001
FEV:1- Pre-Bronchodilator: (% Predicted), mean (SD)* 70.5(21.1)  74. 8 (21.1) 75.0(20.9) 57.2(19.8) <.0001
FVC- Pre-Bronchodilator: (% Predicted), mean (SD)°  76.8 (18.9) 85.3 (21.0) 84.0(164) 75.1(19.9) 0.007
FEV;/FVC Ratio- Pre- Bronchodilator, mean (SD)" 70.3 (12.3) 68.4 (12.4) 67.8 (9.8) 63.0(12.7) <.0001

APCD differs from other groups;
PPCD differs from AATD and idiopathic groups;
1d10path1c differs from CVI;
dpCD differs from AATD and CVI;
®AATD differs from PCD and idiopathic

AATD=alpha-1 antitrypsin deficiency; CVI=common variable immunodeficiency; PCD=primary ciliary dyskinesia; SD=standard deviation;

FEVi=forced expiratory volume in 1 second; FVC=forced vital capacity

data available (data not shown). In the PCD group,
mean post bronchodilator FEV 1% remained lower when
compared to the other groups (65.4% [PCD] versus
77.8% [AATD], 77.1% [CVI], 73.7% [idiopathic]).
Of those reporting pre- and post-bronchodilator
spirometry data, there was no significant difference
in the change in FEV: or FVC% pre- versus post-
bronchodilator between groups.

Mycobacterial Disease

Figure 2 shows the results of mycobacterial sputum
Among patients with available sputum
culture results, 1 or more positive mycobacterial
culture was reported in 62.8% of patients with AATD,
42.9% with CVI, 25.0% with PCD, and 44.9% with
idiopathic bronchiectasis (p=0.001). M. avium complex
was isolated in at least 1 of 3 cultures in 66.7% (18/27)
of participants with AATD, 66.7% (4/6) with CVI and
50% (8/16) with PCD (p=0.59). M. abscessus was
isolated in 3 participants (2 AATD and 1 PCD). In
the idiopathic control group, M. avium complex was
isolated in 75% (105/140), and M. abscessus in 22.9%
(32/140).

cultures.

Bacterial Culture

The registry questionnaire requested information
about 3 sputum culture results. At least 1 positive
bacterial culture result was reported in 129 of 155
(83%) individuals. Thirty-six (23%) individuals had
missing data on all 3 cultures.

As shown in Figure 2, Pseudomonas aeruginosa
and Staphylococcus aureus were the most commonly
reported bacterial isolates from sputum. The
percentage of PCD participants (63.5%) reported
to be growing Pseudomonas aeruginosa in at least 1
sputum was significantly greater than in those with
AATD (33.0%), CVI (25.0%) and the idiopathic group
(28.8%) (p<.001). S. aureus was the second most
common organism isolated from sputum in the PCD
group (19.4%) which was methicillin-resistant in 3
cases (42.9%). In patients with AATD, S. aureus was
reported in 12 of 71 (16.9%) participants of which 3
(25%) were methicillin resistant. S. aureus was not
reported in patients with CVI (n=12). There was no
significant difference in prevalence of other bacterial
species (Haemophilus influenzae N=6, Streptococcus
pneumoniae N=9, Stenotrophomonas maltophilia, N=5,
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Figure 2. Proportions of Positive Bacterial and Mycobacterial Isolates

from Sputum at Baseline by Group
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Note: 63 participants were missing culture results on Pseudomonas Aeruginosa (PCD [n=5], CVI [n=6], AATD [n=22], idiopathic [n=30]);
66 participants were missing culture results on Staphylococcus aureus (PCD [n=8], CVI [n=6], AATD [n=22], idiopathic [n=30]);
178 participants were missing culture results on mycobacterial growth (PCD [n=11], CVI [n=4], AATD [n=15], idiopathic [n=148])

AATD=alpha-1 antitrypsin deficiency; CVI=common variable immunodeficiency; PCD=primary ciliary dyskinesia

Klebsiella pneumoniae N=4, Moraxella catarrhalis
N=2) between groups. A positive fungal sputum
culture was reported in 8 of 30 (26.7%) patients with
AATD, 1 of 7 (14.3%) with CVI and 4 of 10 (40.0%)
with PCD.

Discussion

Bronchiectasis is associated with numerous conditions
including 3 rare but important conditions with different
pathogenesis and management considerations. Severe
AATD results in loss of anti-protease activity in the
lung and airways. CVIresults in loss of general and local
protective humoral immunity, and PCD results in the

lack of airway clearance from a defect in airway ciliary
function. These 3 causes of bronchiectasis result, by
different underlying pathophysiologic mechanisms, in
local airway inflammation and a propensity to develop
recurrent or chronic respiratory infection.®

This report utilizing data from the U.S. BRR
compares and contrasts the features of bronchiectasis
in these conditions with a control idiopathic subgroup,
in which these conditions had been excluded. The
BRR is a database of patients with non-cystic fibrosis
bronchiectasis who were recruited from 13 institutions.
Thisreportshowsthe datafrom 615 ofthe original 2170
participants who had complete data available for the
clinical characteristics and comparisons performed in
this study. The major findings of the report are that the
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classic features of “wet bronchiectasis” that indicates
chronic mucus hypersecretion and chronically infected
sputum production occur in the group of participants
with PCD more frequently and in this respect clinically
resembles CF. Participants with PCD were younger
and the symptoms of chronic respiratory infection
and bronchiectasis led to a diagnosis of bronchiectasis
at a much younger age than in either AATD or CVI
or the idiopathic subgroup. As shown in Table 1, the
average age at which the diagnosis of bronchiectasis is
made is 40 years earlier than for either CVI or AATD
and also much earlier than for participants in the
BRR (mean age 54.1+17.8).} Specifically, those with
PCD have a persistent cough and sputum production,
report more wheezing and hemoptysis, show a greater
reduction in pulmonary function, greater morbidity
from exacerbations and the presence of Pseudomonas
in sputum. Bronchiectasis appears to be a more
aggressive and progressive disease in these patients.
This report is consistent with the prior cluster analysis
of Aliberti et al” who described chronic Pseudomonas
infection to be associated with greater morbidity, more
exacerbations and lower pulmonary function.

Nonproductive cough is more characteristic of
patients with AATD and CVI. Persistent cough,
wheezing and hemoptysis is reported less frequently
and these participants as a group report fewer
exacerbations. Prior reports have indicated that the
diagnosis of AATD and CVI is frequently delayed.®®
As the bronchiectasis associated with AATD and
CVI is associated with less symptoms, a diagnosis of
bronchiectasis may not be made until the diagnosis of
the associated condition is established.

The mean age of self-reported diagnosis for the
group of our patients with CVI is much greater
(64£12) than is reported in the literature. In a large
cohort study from Europe, most of the adults with
bronchiectasis who were diagnosed with CVI were
between 30-40 years of age The reasons for the
difference in this study are unclear although the delay
in diagnosis in this study averaged 6 years. It may be
that bronchiectasis is a late complication of CVI and
develops as a result of recurrent pneumonia. A further
suggestion is that propensity to bronchiectasis is
genetically determined or related to the severity and
type of immunodeficiency. For example, the multi-
nation study indicates British individuals with CVI
have a greater chance of diagnosis of bronchiectasis®
than those with the disease from other countries in

Europe. Our small group may be selected during
adulthood or have acquired the immunodeficiency
later in life and may have a milder form of the disease.

Pulmonary function testing shows airflow
obstruction to be a feature associated with
bronchiectasis in the 3 rare disease groups. Only 41 of
the 155 (28%)) rare disease participants reported prior
smoking suggesting the underlying pathophysiology
of airflow obstruction is due to mechanisms other than
exposure to smoke. Data from the 3 groups fulfill criteria
for COPD compared to the idiopathic group in which
mean FEV/FVC ratio is above 70%. The mechanism
for COPD in AATD is well described and investigated.
Genetic susceptibility and immune factors play
a role but the main underlying cause is protease/
antiprotease imbalance.” For CVI, the mechanisms
for airflow obstruction have not been clearly defined,
but recurrent bacterial infection is thought to play a
role. For PCD the development of airflow obstruction
most likely follows a similar mechanistic pathway as
does cystic fibrosis where chronic mucus retention
and infection damage leads to loss of airway integrity
and bronchial hyper-responsiveness. Interestingly
those with PCD report significantly more wheezing
consistent with airway reactivity. PCD patients with
Pseudomonas aeruginosa pulmonary infection show
greater morbidity and worse pulmonary function at a
younger age with a history of less smoking than the
other groups.

In patients with available culture results, sputum
bacterial profiles in the 3 rare disease groups were quite
different. Bacterial cultures indicated Pseudomonas
aeruginosa infection was more commonly reported
in association with PCD than in the other groups in
keeping with the greater reported morbidity in this
condtion.” Growth of Staphylococcus aureus in culture
was the second most common bacterium reported
in our cohorts with PCD and AATD in keeping with
the reported findings in the BRR.!© Other bacteria
such as Haemophilus were reported less commonly
than in other reports.!! This is possibly a result of
underreporting and/or the use of antibiotics for a
clinical relapse without sputum confirmation.

As shown in Figure 2, in AATD there is a greater
percentage of participants reporting NTM on
sputum culture compared with other groups. This
is in concordance with Kim et al'? who reported an
abnormal AAT phenotype in 15% (homozygous AAT
was excluded) of patients with culture proven NTM.
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AAT has been reported to inhibit rapidly growing
mycobacterial infection in macrophages.!® This
finding interesting questions concerning
the potential role of AATD and susceptibility
to mycobacterial infection. Although in PCD,
mycobacterial growth is reported less frequently
compared with the other cohorts, our reported
prevalence (25%) is higher for PCD than reported
previously (8-11%).'* The significance of this finding
is unclear but worth future studies.

This is the first study to compare and contrast the
clinical features in 3 rare diseases associated with
bronchiectasis, however, there are several limitations
to our study including selection and reporting biases.
Responses to questions and objective data were often
incomplete requiring a reduction in the number
of idiopathic bronchiectasis participants available
for comparison. Definitions of exacerbations may
have varied from center to center and there was no
confirmation of uniformity in response. Therefore,
results may not be extrapolated to the general
bronchiectasis population as the reported information
was potentially subjected to referral and reporting bias.
Several major centers specializing in the diagnosis and
treatment of bronchiectasis as well as the management
of NTM pulmonary disease supplied information for a
majority of the rare disease participants. In addition,
several centers are active in research involving PCD.

Nevertheless, this report adds to the sparse body
of literature concerning the clinical characteristics of
bronchiectasis in these conditions.
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