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Abstract

Background—-Bronchiectasis is a major respiratory complication in patients with common
variable immunodeficiency (CVID) and is associated with recurrent pulmonary infections.
However, it is unclear whether other infections or non-infectious respiratory conditions are related
to its development.
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Objective—To identify respiratory comorbidities associated with bronchiectasis in patients with
CVID.

Methods—A total of 1470 CVID patients enrolled in the USIDNET registry were included
in a cross-sectional analysis. The primary outcome of our study was to determine the clinical
characteristics and other respiratory conditions associated with respiratory comorbidities and
physician-reported bronchiectasis.

Results—One hundred ninety-seven CVID patients were noted to have bronchiectasis (13.4%).
Affected patients were significantly older than patients without bronchiectasis (median age 54
years vs. 49 years, p=0.0004). These patients also had lower serum IgA (13 mg/dL IQR 60
mg/dL vs. 28.4 mg/dL IQR 66 mg/dL, p= 0.000). Notably, chronic rhinosinusitis (OR = 1.69
95%CI 1.05-2.75), sinusitis (OR = 2.06 95%CI 1.38-3.09), pneumonia (OR = 2.70 95%CI 1.88-
3.88), COPD (OR = 2.66 95%CI 1.51-4.67), and interstitial lung disease (OR = 2.34 95%CI 1.41-
3.91) were independently associated with the development of bronchiectasis in this population.

Conclusion—These data suggest that lower and upper respiratory infections, chronic lower
airway disease, and interstitial lung diseases are independently associated with bronchiectasis

in CVID patients. Further study into predisposing conditions related to the development of
bronchiectasis in CVID patients may allow prediction and early intervention strategies to prevent
the development of this complication.
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Introduction

Common variable immunodeficiency (CVID) is a heterogeneous group of inborn errors of
immunity characterized by a predisposition to infections, defective antibody production,
and in many, immune dysregulation [1, 2]. Although with some regional variations [3],
CVID is the most frequent symptomatic primary antibody deficiency diagnosed in adults
worldwide [4, 5]. Sinopulmonary infections are the most frequent complication in patients
with CVID. In one study, over 70% of CVID patients presented with upper respiratory
tract infections [6], and about 60% had lower respiratory infections [7]. Notably, many
CVID patients develop chronic lung complications. For instance, bronchiectasis affected
approximately 34% of CVID patients; in the same study, about a third of CVID patients
may present with asthma and chronic obstructive lung disease [6]. Parenchymal lung disease
also occurs involving the interstitium (e.g., granulomatous and lymphocytic interstitial lung
disease-GLILD, organizing pneumonia, malignancies) [8, 9]. The development of chronic
lung disease in CVID patients is particularly problematic, considering that inflammatory
lung lesions may progress despite immunoglobulin replacement therapy [9].

Bronchiectasis, characterized by irreversible dilatation and bronchi damage, remains a
leading cause of lung damage and healthcare utilization among patients with CVID
and other predominantly antibody deficiencies [10-12]. Clinically, bronchiectasis may be
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asymptomatic [13] or be diagnosed in patients with lower respiratory and/or constitutional
symptoms such as malaise and weight loss [14]. The bronchial damage is considered
sequelae of recurrent and prolonged infections with inflammation [15]. Nonetheless, the
origin in CVID and other antibody deficiencies is not fully understood, as this may occur
even when optimal immunoglobulin replacement therapy is utilized [16]. Accordingly,
multiple efforts have been directed to elucidate risk factors, underlying mechanisms, and
biological markers that predict its appearance [17-20].

While the role of frequent lower respiratory tract infections in the development of
bronchiectasis is well-recognized [21, 22], whether other airway diseases are linked with
bronchiectasis in CVID patients is unclear. In this study, we aimed to identify predictors

of bronchiectasis in CVID patients enrolled in the USIDNET registry [23]. Specifically,

we defined the main clinical characteristics and respiratory comorbidities of patients with
CVID in the registry, evaluated the differences between CVID patients with bronchiectasis
and those unaffected, and examined associations between bronchiectasis and several types of
respiratory disease.

Study Population

All CVID cases reported in the USIDNET registry [23] by September 2022 were included.
Enrollment in the USIDNET registry requires patients’ consent and institutional research
board approval. Patients are registered by their physician at their enrolling center, and

the data is entered using an established data collection form. Sociodemographic and main
clinical characteristics, respiratory comorbidities, and immunoglobulin levels data were
extracted from the registry’s primary dataset. One patient with cystic fibrosis and two with
immotile cilia syndromes were excluded because these conditions are associated with the
development of bronchiectasis.

Variable Definitions

The primary outcome, bronchiectasis, was defined as a binary variable based on physician
reports as recorded in the registry’s database. The information recorded in the registry was
extracted and contrasted in CVID patients with and without bronchiectasis. Respiratory
comorbidities evaluated as predictors of bronchiectasis are also physician-reported outcomes
in the registry’s records and are comprised of infectious and non-infectious respiratory
conditions grouped by anatomical compartments (Tables 1-3) [24]. These conditions
included upper respiratory tract disorders, lung airways, lung parenchyma and pleural
abnormalities, anatomical abnormalities of the chest, and obstructive sleep apnea.
Associations between bronchiectasis, serum IgA and IgM levels, and basic lymphocyte
phenotype (T and B cell counts) were also evaluated. These laboratory parameters were
analyzed as continuous values and categorized. 1gG levels were not assessed as most patients
received IgG replacement, and baseline measurements were unavailable.
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Statistical Analyses

Results

Data were analyzed using STATA version 17 (StataCorp. 2021. Stata Statistical Software:
Release 17. College Station, TX: StataCorp LLC.) and GraphPad Prism version 9.0.0 for
Windows (GraphPad Software, San Diego, CA, USA). Sociodemographic, clinical, and
laboratory values were extracted from the USIDNET database [23]. Continuous variables are
summarized as medians and interquartile ranges (IQRs) as distributions were non-Gaussian
and were compared using the Wilcoxon rank-sum test. Categorical variables are presented
as frequencies and proportions. Demographic and clinical characteristics were compared
using chi-square tests as indicated. Single and multiple logistic regression models were
built to evaluate the relationship between bronchiectasis and other respiratory comorbidities
and laboratory markers. Every variable included in the final model was selected through

a stepwise logistic regression, and selected covariables were added if deemed clinically
relevant. Model fitness was evaluated using the Akaike information criterion (AIC).

Baseline Clinical Characteristics

There were 1473 patients in the USIDNET registry diagnosed with CVID who were
screened for eligibility. Out of them, two patients with immotile cilia syndromes and one
patient with cystic fibrosis were excluded. A total of 1470 patients were included in our final
analysis. Bronchiectasis were identified in 197 patients (13.4%). The median age of patients
in the analysis was 50 years (IQR 37 years). Patients with bronchiectasis had a median age
of 54 years (IQR 31 years) and were significantly older than those unaffected, who had a
median age of 49 years (IQR 38 years, p= 0.00). Additionally, 61.13% were females (n7=
898), and no significant sex differences were identified between patients with and without
bronchiectasis (Table 1). Regarding ethnicity, 77.3% of patients were White-Caucasian (n

= 1135), other ethnic groups comprised 5.31% of the included patients (n7= 78) and there
were no significant differences in ethnicity between the two study groups. About 17.46% of
patients (17 = 256) had no information on race or ethnicity.

Respiratory Symptoms Associated with Bronchiectasis in CVID Patients

Symptoms previously reported in association with bronchiectasis [25] were compared
between affected and unaffected patients. Respiratory symptoms were reported in 173 out
of 1470 CVID patients (Table 2). The proportion of patients with respiratory symptoms
was higher in CVID patients with bronchiectasis than those unaffected (22.8% vs. 10.05%
p=0.00). Importantly, although cough, hemoptysis, dyspnea, and digital clubbing were
significantly more frequent in patients with bronchiectasis, these symptoms were not
specific as they were also reported in unaffected patients (Table 2). Notably, the proportion
of patients with weight loss or underweight was nearly twice as high among those with
bronchiectasis (26/197 patients, 13.2%) compared with those in the unaffected group
(87/1274 patients, 6.83%). Conversely, no significant differences in chest pain, restrictive
lung disease, or incident respiratory failure were found between the two groups. Importantly,
most CVID patients in our analysis did not report any of the above symptoms (7= 1207,
82.1%).
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Infections Were the Most Frequent Respiratory Comorbidities in CVID Patients with
Bronchiectasis

In this cohort, there were 1266 patients (86.1%) with respiratory infections on record (Tables
3, 4). Notably, sinusitis was more frequently reported in CVID patients with bronchiectasis
(n =160, 81.2%) compared with the group of unaffected patients (=803, 63.1%) (p=
0.00) (Table 3). Lung infections were also significantly more common among patients with
bronchiectasis. Specifically, among 197 patients with CVID and bronchiectasis, pneumonia
was reported in 146 (74.1%) compared with 599 patients (47.1%) out of 1273 CVID patients
without bronchiectasis (p= 0.000) (Tables 3, 4). Additionally, although the number of
patients with lung abscesses was small, these lesions were more common among patients
with bronchiectasis (7= 6, 3.05%) in comparison with those without (7= 7, 0.55%) (o

= 0.004). In contrast, there was no significant difference in the frequency of other upper
respiratory infections and ear infections or in the frequency of lower airway infections or
pleural empyema between patients with and without bronchiectasis (Tables 3, 4).

Chronic Respiratory Disorders Associated with Bronchiectasis in CVID Patients

Chronic rhinosinusitis was significantly more frequent in patients with bronchiectasis (n7=
27, 13.7%) compared with those unaffected (7= 98, 7.70%) (p = 0.005). In contrast, no
significant differences were found in the frequency of allergic rhinitis, ear disorders (Table
3), or vocal cord dysfunction between patients with and without bronchiectasis (Table 4).
Additionally, bronchiectasis was associated with several types of lung airway disorders
[24]. Specifically, COPD and asthma were more frequent among CVID patients with
bronchiectasis. Conversely, chronic bronchitis did not differ significantly between CVID
patients with and without bronchiectasis (Table 4).

The lung parenchyma and the pleura were also affected, and lesions in the lung

interstitium including organizing pneumonia (OP), lymphoid interstitial pneumonia (LIP),
bronchiolitis obliterans (BO), follicular bronchiolitis (FB), pulmonary fibrosis (FIB), and
lung granulomas were significantly more frequent in patients with bronchiectasis (Table 4).
In the alveoli, although rare, there were three cases of acute respiratory distress syndrome
(ARDS) (1.52%) among CVID patients with bronchiectasis and one case (0.08%) among
patients without. In addition, pleural compromise occurred in 5.58% of the patients with
bronchiectasis (7= 11), compared with 2.04% of CVID patients without (7= 26) (p=
0.003). Additional respiratory comorbidities found in CVID patients included obstructive
sleep apnea (OSA) and anatomical abnormalities of the chest. Specifically, sixty-six patients
had OSA as comorbidity, occurring at similar proportions between groups: 5.1% (7=

10) in patients with bronchiectasis group and 4.4% (7= 56) in CVID patients without
bronchiectasis. In addition, anatomical abnormalities of the chest were not associated with
bronchiectasis in this population (Table 4).

To further evaluate respiratory comorbidities associated with bronchiectasis in CVID, we
built a multiple logistic regression model, including respiratory comorbidities associated
with bronchiectasis in our exploratory analysis (sinusitis, pneumonia, chronic rhinosinusitis,
asthma, COPD, ILD), other clinically important respiratory disorders in patients with CVID
(ear infections, bronchitis, allergic rhinitis) and basic demographic variables (age and sex)
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as predictors (Fig. 1). Our multivariate analysis revealed a 2.06-fold increase in the odds
of bronchiectasis in patients with sinusitis independent of age, gender, pneumonia, and
additional respiratory comorbidities in the model (OR 2.06, 95% CI 1.38-3.09) (Fig. 1).
Notably, a history of pneumonia was also independently associated with increased odds of
bronchiectasis (OR 2.70, 95% CI 1.88-3.88). In contrast, ear and other upper respiratory
tract infections were not significantly associated with bronchiectasis.

Several non-infectious chronic respiratory disorders were also linked to bronchiectasis.
Specifically, chronic rhinosinusitis was associated with 1.69-fold increased odds of
bronchiectasis (OR 1.69, 95% CI 1.05-2.75) independently of age, sex, and other
respiratory conditions in the analysis (Fig. 1). In addition, in the lower airways, COPD was
independently associated with a 2.66-fold increase in the odds of bronchiectasis (OR 2.66,
95% CI 1.51-4.67). Furthermore, CVID patients with interstitial lung diseases comprising
non-specific ILD, OP, FIB, IP, LIP, BO, FB, interstitial pneumonia (IP) and pulmonary
nodular lymphoid hyperplasia (NLH), had 2.34-fold increased odds of having bronchiectasis
compared with patients without those lesions (OR 2.34, 95% CI 1.41-3.91) (Fig. 1).
Interestingly, asthma was not associated with bronchiectasis in the adjusted model.

Low Serum IgA Levels Are Associated with Bronchiectasis in CVID

Serum IgA and IgM measurements with the date of sample collection (to estimate age at
the time of measurement) were available in 1075 and 1069 patients, respectively. Notably,
serum IgA values in patients with bronchiectasis (median 13 mg/dL, IQR 60 mg/dL) were
significantly lower compared with patients without bronchiectasis (median 28.4 mg/dL, IQR
66 mg/dL) (Fig. 2). To further explore this association, we divided serum IgA levels into
two categories above or below the median in our dataset (< 26 mg/dL vs. > 26 mg/dL).
Notably, patients with serum IgA levels equal to or less than 26 mg/dL had a 1.97-fold
increase in the odds of bronchiectasis compared with CVID patients with IgA levels above
26 mg/dL, adjusting by age at the time of the measurement (OR 1.97, 95% CI 1.39-2.79)
(Fig. 2). A similar analysis was conducted to examine the relationship between IgM levels
and bronchiectasis. In contrast with serum IgA, the serum IgM values did not significantly
differ between patients with bronchiectasis (median 29 mg/dL, IQR 53 mg/dL) and those
without (median 36 mg/dL, IQR 57.1 mg/dL) (Fig. 2). In addition, there were no significant
associations between serum IgM categories (< 35 mg/dL vs. >35 mg/dL) in an analysis
adjusted by age at the time of the test.

We also evaluated the relationship between lymphocyte counts (CD4 +, CD8 +, and CD19

+ cells) and bronchiectasis in CVID patients with available lymphocyte phenotype and date
of measurement data. There were 662 CVID patients with available CD4 + counts, 638

with available CD8 + data, and 632 with CD19 + B-cells measurements. Using these data,
no median differences were identified for any of the values in patients with bronchiectasis
compared to unaffected CVID patients (Fig. 3). However, due to age-related variation in
lymphocyte counts, the analysis was stratified accordingly [26]. In this comparison, lower
CD4 + values were seen in CVID patients with bronchiectasis older than 16 years, compared
with those unaffected (Table E5).
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Discussion

This study includes 1470 CVID patients from the USIDNET Registry and examines clinical
respiratory comorbidities associated with the development of bronchiectasis. We identified a
prevalence of bronchiectasis of 13.4% among CVID patients in this population, in line with
previous reports from the same cohort [17]. Most patients were adults, and those with CVID
and bronchiectasis were older than CVID patients without bronchiectasis. This finding may
reflect the cumulative effect of recurrent respiratory infections over time [27] as this is

a major determinant of the emergence of bronchiectasis in CVID [28, 29]. Alternatively,
senescence may affect both epithelial and immune cell responses in the respiratory system
[30, 31]. For example, studies indicate that aging impairs the alveoli’s local innate immune
defenses, reducing alveolar fluid hydrolytic capacity, and increasing local oxidative stress
and inflammation [32]. Additionally, aging may diminish systemic and respiratory mucosal
innate and adaptive immune cell responses, making the elderly more prone to infections
[33] and potentially contributing to bronchiectasis development [34—-36]. Notably, no sex
differences between CVID patients with and without bronchiectasis were identified, a
finding aligned with previous studies [37]. Additionally, no significant differences in
ethnicity were found; however, our study included predominantly White-Caucasian patients
(77.28%), and differences between ethnic groups may not have been detected due to the
smaller number of individuals of other ethnicities (Table 1).

As previously described [25], most patients with bronchiectasis in this study were
asymptomatic underscoring the need for routine screening of pulmonary complications

in CVID patients. In symptomatic patients, their respiratory symptoms were not specific,
but some were significantly more common in patients with bronchiectasis. Specifically,
chronic cough was the most common respiratory symptom in patients with CVID and
bronchiectasis, in line with previous reports in non-CVID patients [25, 38]. In addition,
dyspnea, hemoptysis, and clubbing were also noted more commonly in patients with
bronchiectasis (10.7%, 2.03 and 1.52%, respectively). Importantly, weight loss was also
more frequent in the bronchiectasis group. In non-CVID patients, weight loss and growth
delay are associated with chronic lung disease and are often multifactorial (e.g., poor intake,
muscle loss due to decreased physical activity) [39-41] and are an important prognostic
factor for conditions such as ILD and COPD [42-44]. In CVID, extrapulmonary conditions
may also precipitate these changes (e.g., inflammatory bowel disease) [45]. Nonetheless,
since chronic lung disease can be the standalone cause of growth delay and unexpected
weight loss, pulmonary involvement should be excluded when these abnormalities are
detected in CVID patients.

Our study confirmed previously described associations between respiratory infections

and the development of bronchiectasis [46, 47]. Specifically, a history of sinusitis and
pneumonia were independently associated with 2.06-fold and 2.70-fold increased odds of
bronchiectasis, respectively. These findings are aligned with previous work documenting the
link between pneumonia and lower respiratory tract infections and bronchiectasis in patients
with primary antibody immunodeficiencies [29, 48, 49]. The association between sinusitis
and bronchiectasis has also been described in non-CVID patients [47, 50]. It has been
attributed to impaired airway clearance of pathogens, leading to chronic bacterial infection
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and inflammation of the upper and lower airways [47]. Of note, our study did not find a

link between bronchitis and bronchiectasis. This is in contrast with other studies indicating
that protracted or recurrent bacterial bronchitis, increases the risk of bronchiectasis [51].
However, our data was limited and did not include details about types of bronchitis, such as
whether it was acute or chronic, or how often exacerbations ocurred. Therefore, we cannot
conclusively exclude associations between bronchiectasis and certain subtypes of bronchitis
in patients with CVID. In summary, our findings reinforce the notion that sinusitis and
pneumonia are two of the main risk factors for the development of bronchiectasis in CVID
patients and support the idea that routine surveillance for bronchiectasis should be conducted
among all CVID patients who present with sinopulmonary infections.

Chronic respiratory conditions in all anatomical respiratory compartments [24] were
reported in both groups of CVID patients (Table 4) and CRS, COPD, and ILD were
associated with bronchiectasis (Fig. 1). Specifically, CVID patients with CRS had a 1.69-
fold increase in odds of bronchiectasis, findings similar to those described in non-CVID
patients [52, 53]. Chronic rhinosinusitis (CRS) is also associated with subclinical lower
airway flow limitation even in the absence of underlying lung disease and can be considered
as a biomarker of pan-airway inflammation [54]. In the lower airways, patients with COPD
had a 2.66-fold increase in the odds of bronchiectasis, a finding consistent with previous
studies in immunocompetent adults describing up to 40% prevalence of bronchiectasis in
COPD patients [55]. This co-occurrence of conditions is associated with poorer outcomes
and increased mortality [55]. Notably, a significant number of CVID patients in our cohort
had asthma (41.5%), highlighting the common coexistence of CVID with this condition
[56-58]. Nonetheless, asthma was not independently associated with bronchiectasis in our
adjusted analysis.

Notably, in the lungs, patients with interstitial lung disease (a composite variable that groups
OP, FIB, IP, LIP, BO, FB, and NLH) had a 2.34-fold increase in the odds of bronchiectasis
in patients independent of age, gender, and additional respiratory comorbidities (Fig. 1).
This finding is in line with previous descriptions of a prevalence of bronchiectasis of

17.4% in patients with CVID and ILD [59]. This association suggests that patients with
immune dysregulation manifestations affecting the lung interstitium are more prone to
develop bronchiectasis and motivates further investigation into the possible airway immune
abnormalities underlying this association.

We also tested whether serum IgM and IgA, and peripheral blood lymphocyte counts were
related to the development of bronchiectasis in our cohort. Previous work has revealed

that low levels of serum IgM, IgA, and low CD4 + T-cell counts are linked to a higher
prevalence of bronchiectasis in predominantly antibody deficiency patients [37, 60]. In this
study, we found no significant associations between serum IgM levels and the presence of
bronchiectasis in patients with CVID. This diverges from a previous study by Sperlich et al.,
who found that higher long-term average serum IgM concentrations were associated with a
lower risk of bronchiectasis in a retrospective cohort of 110 CVID patients [37]. Their study
had the advantage of serial IgM measurements, albeit a smaller sample size, potentially
accounting for the discrepancy [61]. However, since IgM cooperates with mucosal IgA

and IgG to provide mucosal protection, and IgM has a compensatory role in IgA deficient
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patients [62], the involvement of IgM in the development of bronchiectasis cannot be
excluded and further research focusing on the role of IgM on local airway immunity in
CVID patients is needed.

In our study, CVID patients with bronchiectasis had significantly lower levels of IgA

when compared to those without, aligning with previous reports in patients with antibody
deficiencies [6, 50, 60]. Schnell et al. further demonstrated that patients with humoral
immunodeficiencies had reduced levels of serum and sputum IgA compared to healthy
subjects, and showed that IgA levels in sputum correlate with serum levels of IgA in patients
with immunodeficiency [63]. These findings shifts the focus to the role of IgA in the airways
and align with our findings, as we observed lower IgA serum levels in CVID patients with
bronchiectasis. Together, these studies suggest that not only 1gG deficiency but defective
production of IgA contribute to bronchiectasis in CVID patients [16]. This is particularly
compelling given that bronchiectasis can progress despite appropriate 1gG replacement
therapy [16]. This work may have diagnostic and prognostic implications, indicating a

need for future studies on systemic and airway IgA levels as potential bronchiectasis risk
markers in CVID patients. Our results also motivate additional investigation into how local
antibody responses in the airway microenvironment determine susceptibility or resilience to
bronchiectasis.

We found that CD4 + T-cells were significantly lower in adult CVID patients with
bronchiectasis (Table E5). These findings are in agreement with what was reported by
Maglione et al. [20] and Sperlich et al. [37], who independently identified an increased risk
of bronchiectasis in CVID patients with low CD4 + levels. Conversely, we did not identify
statistically significant associations between CD3 +, CD8 +, or CD19 + lymphocyte counts
and the development of bronchiectasis in CVID patients (Table E5).

Our study has several limitations. First, since this is based on physician-reported outcomes
recorded in a registry database, there is a risk of recall, selection, and reporting bias
limiting our results. The USIDNET registry only includes individuals with CVID selectively
reported from participating centers in the USA, thus, the findings of this analysis do not
necessarily apply to all patients with this disease. Additionally, we could not establish
temporal relationships between time-varying variables (e.g., 1g levels, treatments) and the
development of CVID-associated bronchiectasis. Similarly, the time lapsed between disease
onset and diagnosis and time of development of bronchiectasis could not be established

due to the cross-sectional nature of this analysis. Finally, there were variable amounts of
missing data, in certain variables (lymphocyte counts). Nonetheless, this study describes
the spectrum of respiratory complications occurring in a cohort of 1470 CVID patients and
defines clinical risk factors associated with the development of bronchiectasis associated in
these population.

In summary, this is the most extensive US study to date examining the link between
bronchiectasis and various respiratory conditions in patients with CVID. Remarkably,

our findings show that not only respiratory infections like sinusitis and pneumonia but

also chronic inflammatory conditions such as chronic rhinosinusitis, COPD, and ILD are
associated with the development of bronchiectasis in these patients. Additionally, our study
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confirms that low 1gA levels increase the risk of bronchiectasis among CVID patients.
Our findings offer key insights that facilitate the identification of CVID patients at high
risk for bronchiectasis, allowing for the development of early detection and prevention
methods for this severe CVID complication. Future studies, both prospective and focused on
underlying mechanisms, are needed to deepen our understanding the assocaitions between
bronchiectasis and other respiratory comorbidities in patients CVID.
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Fig. 1.

Respiratory comorbidities associated with bronchiectasis in CVID patients. Multivariate
logistic regression analysis showed that chronic rhinosinusitis, sinusitis, pneumonia, COPD
and ILD were independently associated with increased odds of bronchiectasis in CVID
patients. aOR = adjusted odds ratios, 95% Cls, and p values obtained in the final adjusted
model are shown
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Fig. 2.
Serum immunoglobulin levels between CVID patients with and without bronchiectasis. (A)
Serum IgA and (B) IgM levels by age and disease subgroup. (C) Comparison of IgA and
(D) IgM levels between patients with and without bronchiectasis using a median test. (E)
Forest plots showing the odds of bronchiectasis if IgA levels <26mg/dL and (F) IgM levels
<35mg/dL adjusted by age at the time of testing. Abbreviations: NB=No bronchiectasis,
B=Bronchiectasis. Outliers are not shown in plots for visualization. p-value < 0.001(**),
p-value > 0.05(ns)
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Fig. 3.

L)?mphocyte counts between CVID patients with and without bronchiectasis. (A) CD3+, (B)
CDA4+, and (C) CD8+ T-cell counts by age and disease subgroup. (D) CD19+ B-cell counts
by age and disease subgroup. (E) Comparison of CD3+, (F) CD4+, and (G) CD8+ T-cell
counts between CVID patients with and without bronchiectasis. (H) Comparison of CD19+
B-cell counts between patients with and without bronchiectasis. Differences between CVID
subgroups (patients with and without bronchiectasis) were evaluated using the median test.
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Abbreviations: NB=No bronchiectasis, B=Bronchiectasis. Outliers are not shown in plots for
visualization
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Table 1
Demographics and baseline characteristics
Variable CVID with bronchiectasis(n =197) CVID w/o bronchiectasis (n = 1273) pvalue
Sex (n, %)
Male 78 (39.6) 494 (38.8) 83
Female 119 (60.4) 779 (61.2)
Age (median, IQR) 54 (31) 49 (38) .00
Race (1, %)
White 156 (79.2) 980 (77.0) 27
Hispanic 3(1.52) 16 (1.26)
Black 5 (2.54) 18 (1.41)
Asian 1(0.51) 6 (0.47)
Native American/other 1 (0.51) 2(0.16)
Mixed 6(3.1) 20 (1.57)
Unknown 25 (12.7) 231 (18.2)
Alive (n, %)
Yes 178 (90.4) 1152 (90.5) .00
No 14 (7.11) 34 (2.7)
Unknown 5(2.54) 87 (6.8)
Family history of PI (n, %)
Yes 22 (11.2) 163 (12.8) 18
No 106 (53.8) 595 (46.7)
Unknown 69 (35.0) 515 (40.5)

Data are presented as the absolute number of patients and proportions in each group. For age, median and interquartile ranges (IQR) are shown.
Comparisons were made using chi-square or Wilcoxon rank-sum tests. Bold indicates statistical significance (p < .05)
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Table 4

Chronic respiratory conditions in patients with CVID with and without bronchiectasis
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Organ/ Condition CVID with bronchiectasis (n = CVID w/o bronchiectasis (n = pvalue
compartment 197) 1273)
Nasal Allergic rhinitis (AR) 16 (8.12) 78 (6.13) .28
Chronic rhinosinusitis (CRS) 27 (13.71) 98 (7.70) .01
Nasal polyps 3(1.52) 7 (0.55) 14
Ear Hearing loss 4 (2.03) 15(1.18) 0.31
Chronic otitis 1(0.51) 13 (1.02) 0.71
Eustachian tube dysfunction 2 (1.02) 6 (0.47) .29
Other upper airway  Vocal cord dysfunction 1(0.51) 7 (0.55) 1.00
Lower airway Chronic bronchitis 3(1.52) 17 (1.34) 74
COPD 25 (12.69) 49 (3.85) .00
Asthma 98 (49.75) 512 (40.22) .01
Lung alveoli PAP 1(0.51) 4(0.31) .51
ARDS 3(1.52) 1(0.08) 01
Lung Interstitium ILD (ALL) 32 (16.24) 71 (5.58)
ILD ns 24 (12.18) 48 (3.77) .00
oP 4 (2.03) 7 (0.55) 048
FIB 4(2.03) 6 (0.47) .03
IP 2(1.02) 8 (0.63) .63
LIP 6 (3.05) 11 (0.86) 02
NLH 2(1.02) 3(0.24) 14
BO 4(2.03) 2(0.16) .00
FB 5 (2.54) 8 (0.63) 02
Nodular lesions (ALL) 8 (4.06) 34 (2.67) .26
Single nodule 1(0.51) 10 (0.79) 1.00
Multiple nodules 7 (3.55) 24 (1.89) .18
Lung granulomas 10 (5.08) 14 (1.10) .00
Lung vasculature Pulmonary embolism (PE) 2(1.02) 9(0.71) .65
Pulmonary arterial 2 (1.02) 6 (0.47) .29
hypertension (PAH)
Pleura Pleural compromise (ALL) 11 (5.58) 26 (2.04) .01
Empyema 1(0.51) 10 (0.79) 1.00
Pleural ns 10 (5.08) 17 (1.34) .00
Other Chest Anatomy 5(2.54) 18 (1.41) 22
OSA 10 (5.08) 56 (4.40) 71

This table summarizes the details of non-infectious respiratory conditions by compartment. Data are presented as frequency and percentage of
patients in each group. Comparisons were made using the chi-square test. Bolding indicates statistical significance (p < .05)
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