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Take home message: A 4-fold increase in the diagnosis of immunodeficiencies was found in adults 

with bronchiectasis when IgG subclasses and lymphocyte subsets are added to the bundle of tests 

recommended by ERS guidelines 

 

ABSTRACT 

Background: Reported prevalence of immunodeficiencies in bronchiectasis patients is variable 

depending on the frequency and extent of immunological tests performed. ERS Guidelines 

recommend a minimum bundle of tests. Broadening the spectrum of immunological tests could 

increase the number of patients diagnosed with an immunodeficiency and those who could 

receive specific therapy. The primary objective of the present study was to assess the performance 

of different sets of immunological tests in diagnosing any, primary, secondary, or treatable 

immunodeficiencies in adults with bronchiectasis. 

Methods: An observational, cross-sectional study was conducted at the Bronchiectasis Program of 

the Policlinico University Hospital in Milan, Italy, from September 2016 to June 2019. Adult 

outpatients with a clinical and radiological diagnosis of bronchiectasis underwent the same 

immunological screening during the first visit when clinically stable consisting of: complete blood 

count, IgA, IgG, IgM, IgG subclasses, total IgE, lymphocyte subsets, and HIV antibodies. The primary 



 

 

endpoint was the prevalence of patients with any immunodeficiencies using five different sets of 

immunological tests. 

Results: A total of 401 bronchiectasis patients underwent the immunological screening. A 

significantly different prevalence of bronchiectasis patients diagnosed with any, primary, or 

secondary immunodeficiencies was found across different bundles. 44.6% bronchiectasis patients 

had a diagnosis of immunodeficiency using when IgG subclasses and lymphocyte subset are added 

to the minimum bundle suggested by the guidelines.  

Conclusion: A 4-fold increase in the diagnosis of immunodeficiencies can be found in adults with 

bronchiectasis when IgG subclasses and lymphocyte subsets are added to the bundle of tests 

recommended by guidelines.  
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INTRODUCTION 

Bronchiectasis is a chronic respiratory disease characterized by abnormal dilations of the bronchi in 

the context of chronic symptoms (e.g., cough and daily sputum) and frequent respiratory infections 

[1]. International guidelines recommend an individualized work-up to detect treatable causes of 

bronchiectasis [2]. Immunodeficiency is one of the most prevalent etiologies of bronchiectasis, and 

specific treatments, including intravenous immunoglobulins, might improve patients’ outcomes, 

including the frequency of severe respiratory infections such as pneumonia. [3,4]. 

Immunodeficiency encompasses a spectrum of multiple disorders, including innate and adaptive 

immune system defects, phagocytic, complement, syndromic disorders, as well as secondary 

immunodeficiencies [5]. From one hand, bronchiectasis is a very common pulmonary complication 

of common variable immunodeficiency (CVID) [6]. From the other hand, the reported prevalence 

of immunodeficiencies in bronchiectasis patients ranges from 1% to 9% and this variability might 

rely on the frequency and extent of immunological tests performed across different clinical centers 

[3,7-12]. A lack of standardized diagnostic testing panels for bronchiectasis exists with a marked 

variation in the performance of some diagnostic assays or variation in the use of reference 

intervals to define presence or absence of a disease. In terms of immunological work-up, 

guidelines on the management of bronchiectasis published by the European Respiratory Society 

(ERS) in 2017 recommend a minimum bundle of tests, including complete blood count, and total 

IgG, IgA, and IgM serum levels [2]. Broadening the spectrum of immunological tests could increase 

the number of patients diagnosed with an immunodeficiency and those who could receive specific 

therapy.  

The objectives of the present study were: 1) to assess the performance of different sets of 

immunological tests in diagnosing any, primary, secondary, or treatable immunodeficiencies in 



 

 

adults with bronchiectasis; 2) to evaluate the clinical and microbiological (including microbiome) 

characteristics of bronchiectasis in adults with immunodeficiencies. 

 

MATERIALS AND METHODS 

Study design and population 

An observational, cross-sectional study was conducted at the Bronchiectasis Program of the 

Policlinico University Hospital in Milan, Italy, from September 2016 to June 2019. Adult (≥18 years 

of age) outpatients with a clinical (daily sputum production) and radiological (at least one lobe 

involvement on high-resolution CT scan) diagnosis of bronchiectasis underwent the same 

immunological screening during the first visit when clinically stable (defined as the absence of 

exacerbation and antibiotic exposure for 1 month). Patients with either cystic fibrosis (CF) or 

traction bronchiectasis due to pulmonary fibrosis were excluded. The study was approved by the 

local ethical committee, and all recruited subjects provided a written informed consent.  

Data collection 

Demographic, clinical, functional, radiological, and microbiological data were collected. At the time 

of enrolment and during their clinical stability patients were asked to provide a sputum sample to 

assess microbiome and inflammatory biomarkers. Complete methodology and results for airway 

microbiome and inflammation are reported in the online supplement. All patients underwent a 

systematic and standardized immunological screening consisting of: complete blood count (CBC), 

IgA, IgG, IgM, IgG subclasses, total IgE, lymphocyte subsets, and HIV antibodies (reference values 

of the tests are listed in the online supplement). Patients with at least one positive result of the 

immunological screening underwent a second evaluation after at least one month apart. In case of 



 

 

a positivity at a second evaluation, patients were referred to a clinical immunologist (B.V.) for 

additional and individualized immunological tests including B and T cell typing (CD3, CD4, CD19, 

CD56, CD21low, Switched-memory B cells) and evaluation of immunological response to 

polysaccharide and proteic antigens (Pneumococcus and Tetanus vaccination).  Bronchiectasis 

etiology was evaluated following the recommendations of the 2017 ERS guidelines and the 

etiological classification was based on the algorithm published by Araújo et al. [2,13].  

Definitions of primary and secondary immunodeficiencies 

Primary immunodeficiency conditions were defined according to European Society for Immuno 

Deficiency (ESID) Diagnostic criteria  [14]. Selective IgA deficiency was defined in the presence of 

undetectable serum level of IgA (when measured with nephelometry less than 0.07 g/L) and 

normal level of other immunoglobulins. CVID was defined in the presence of low total serum 

concentrations of immunoglobulin G (IgG, at least 2 SD below the mean for age), as well as low IgA 

with or without low IgM levels and low switched memory B cells (<70% of age-related normal 

value). Severe combined immunodeficiency was defined by the presence of at least two of the 

following T cell criteria fulfilled: low or absent CD3 or CD4 or CD8 T cells; reduced naive CD4 and/or 

CD8 T cells; elevated gamma-delta (g/d) T cells; reduced or absent proliferation to mitogen or T-cell 

receptor (TCR) stimulation. These criteria should be identified in the context of invasive bacterial, 

viral or fungal/opportunistic infections within the first year of life. Combined immunodeficiency 

was defined by the presence of at least two of the following T cell criteria fulfilled: reduced CD3 or 

CD4 or CD8 T cells (using age-related reference values); reduced naïve CD4 and/or CD8 T cells; 

elevated g/d T cells; reduced proliferation to mitogen or TCR stimulation. These criteria were 

identified in the context of: at least one severe infection (requiring hospitalization) and/or one 

manifestation of immune dysregulation (such as autoimmunity, inflammatory bowel diseases, 

severe eczema, lymphoproliferation, granuloma) and/or malignancy and/or affected family 



 

 

member. DiGeorge Syndrome was defined by the presence of documented microdeletion 22q11 or 

10p and recurrent or severe infections. Hyper-IgE syndrome was defined by the presence of IgE > 

10 times the normal limit of age and pathologic susceptibility to infectious diseases and no 

evidence of T-cell or B-cell deficiency. IgG subclasses deficiency was defined by persistently low 

levels of one or more IgG subclasses and a normal total IgG, IgA and IgM serum levels and 

exclusion of T cell defect. Selective IgM deficiency was defined by low IgM plasma level and normal 

IgG and IgA plasma level and exclusion of T-cell defect. Unclassified antibody deficiency was 

defined by marked decrease of at least one of total IgG, IgG1, IgG2, IgG3, IgG4, IgA or IgM levels 

and no clinical signs of T-cell related disease and does not fit any of the other definitions (excluding 

unclassified immunodeficiencies). Unclassified immunodeficiency was defined by at least one 

numeric or functional abnormal finding upon immunological investigation and does not fit any of 

the other working definitions. A narrow definition of primary immunodeficiency conditions was 

consider excluding patients with both isolated IgM and Isolated IgG4 subclasses deficiency. 

Secondary immunodeficiencies that could lead to hypogammaglobulinemia and/or lymphopenia 

included: AIDS; organ transplantation or graft-versus-host disease; splenectomy; bone marrow 

aplasia; haematological malignancies (lymphoma, leukemia, multiple myeloma); 

immunosuppressive agents (chemotherapy, long-term steroids, immunomodulatory agents and 

monoclonal antibodies). Other study definitions are reported in the online supplement. 

 

Definitions of treatable immunodeficiencies 

Candidates to treatment with immunoglobulin intravenous (IGIV) or subcutaneous 

immunoglobulins were patients suffering from either primary immunodeficiency syndromes with 

impaired antibody production or secondary immunodeficiency with proven specific antibody 

insufficiency or serum IgG level <4 g/L plus at least one of the following criteria: 1) 3 annual 



 

 

exacerbations; 2) 1 systemic infection occurred during the previous year; 3) 1 hospitalization 

due to bacterial infection in the previous year; or 4) poor quality of life due to recurrent infections 

[15]. 

Study endpoints and comparison of five different bundles of immunological tests  

The primary endpoint was the prevalence of patients with any immunodeficiencies using five 

different sets of immunological tests. Secondary endpoints were the prevalence of patients with 

primary or secondary immunodeficiencies using five different sets of immunological tests. The five 

sets were: S1: complete blood count, total IgG, IgA, and IgM serum levels (bundle suggested by the 

2017 ERS Guidelines [2]); S2: S1 plus IgG subclasses; S3: S2 plus lymphocyte subset; S4: S3 plus 

total IgE; S5: S4 plus HIV testing.  

Study groups 

Three study groups were compared according to the results of the immunological tests and the 

etiology of bronchiectasis: primary immunodeficiency (Group A), secondary immunodeficiency 

(Group B), and idiopathic bronchiectasis (Group C).  

Statistical analysis 

Qualitative variables were summarized with absolute and relative (percentage) frequencies. 

Quantitative variables were summarized with means (standard deviations, SD) and medians 

(interquartile ranges, IQR) depending on their normal and non-normal distribution, respectively. 

Qualitative variables were compared with chi-squared and Fisher exact tests, when appropriate. 

Anova and Kruskall-Wallis were used to compare quantitative variables with a normal and non-

normal distribution, respectively. Sidak correction was adopted for multiple comparisons. A two-

tailed p-value less than 0.05 was considered statistically significant. Statistical analysis was 

conducted using STATA version 16 (StatsCorp, Texas, USA). 



 

 

RESULTS 

A total of 401 bronchiectasis patients [78% female; median (IQR) age: 62 (48-71) years] underwent 

the immunological screening. Patients’ characteristics of the entire cohort are reported in Table 1. 

Comparison of bundles of immunological tests 

A significantly different prevalence of bronchiectasis patients diagnosed with any, primary, or 

secondary immunodeficiencies was found across different bundles (Table 2). A significantly higher 

prevalence of patients was diagnosed with treatable immunodeficiencies if S3 VS. S2 VS. S1 was 

chosen (16.7% VS. 9.2% VS. 3.7%, respectively, P: 0.00001). Isolated IgG subclasses deficiency, 

isolated IgM deficiency, unclassified antibody deficiency, CVID, unclassified immunodeficiency, as 

well as secondary immunodeficiency were diagnosed with S3 when both IgG subclasses and 

lymphocyte subsets were added to the minimum bundle of immunological tests. The addition of 

total IgE evaluation and HIV testing to S3 did not improve the detection of immunodeficiencies. If 

both isolated IgM and Isolated IgG4 subclasses deficiency were not considered as primary 

immunodeficiencies (narrow definitions), still a significantly higher prevalence of patients was 

diagnosed with any, primary and treatable immunodeficiencies if S3 VS. S2 VS. S1 was chosen (Any: 

37.9% VS. 23.2% VS. 8.9%, P< 0.00001; Primary: 32.7% VS. 20.7% VS. 7.2%, P< 0.00001; Treatable: 

13% VS. 9.2% VS. 3.7%, P: 0.00001). In terms of costs, the total cost per patient was 18.35 Euros for 

S1, 74.15 Euros for S2, 159.7 Euros for S3, 167.4 Euros for S4, and 176.2 Euros for S5. 

Clinical and microbiological characteristics of bronchiectasis patients with immunodeficiencies 

158 (39.4%) bronchiectasis patients had a diagnosis of primary and 21 (5.2%) of secondary 

immunodeficiency when S3 was adopted. The most frequent diagnosis among those with primary 

immunodeficiencies was isolated IgG subclasses deficiency (36, 9%), whereas 6 (1.5%) had 

unclassified antibody deficiency, and 108 (26.9%) unclassified immunodeficiency (Table 2).  



 

 

Among the entire cohort, 67 (16.7%) patients with immunodeficiency met the pre-specified 

criteria for treatment with IGIV or subcutaneous immunoglobulins: 58 (14.5%) had primary 

immunodeficiency (including 36 patients with unclassified immunological deficiency, 17 with 

isolated IgG subclasses deficiency, 2 with CVID, 1 isolated with IgM deficiency, 1 with DiGeorge 

Syndrome, and 1 with unclassified antibody deficiency) and 9 (2.2%) secondary immunodeficiency 

(including 5 patients with hematological malignancy, 2 undergoing immunosuppressive drugs, and 

2 who underwent transplant). 

Bronchiectasis was idiopathic in 155 (38.7%) and caused by other etiologies in 67 (16.7%), 

including 26 post-infective, 8 primary ciliary dyskinesia, and 5 allergic bronchopulmonary 

aspergillosis. Patients with either primary and secondary immunodeficiency were older and with a 

higher rate of comorbidities (Table 3). 

 

DISCUSSION 

A 4-fold increase in the diagnosis of treatable immunodeficiencies can be found in adults with 

bronchiectasis (up to 17% of the patients) when IgG subclasses and lymphocyte subsets are added 

to the minimum bundle of immunological tests recommended by the ERS guidelines. In particular, 

S3 of immunological tests increases the diagnosis of isolated IgG subclasses deficiencies. If 

diagnosis of isolated IgM and isolated IgG4 subclasses deficiency were not considered, still 37.9% 

of the patients had any immunodeficiencies, 32.7% a primary immunodeficiency and 13% a 

treatable immunodeficiency. No differences in terms of disease severity, radiological impairment, 

lung function, clinical characteristics, and exacerbation frequencies are found between patients 

with immunodeficiencies and those with idiopathic bronchiectasis. Finally, patients with primary 



 

 

immunodeficiency have a lower diversity of sputum microbiome in comparison with those with 

idiopathic bronchiectasis. 

Isolated IgG subclasses deficiency is a heterogeneous group of disorders with a wide range of 

clinical manifestations in adults, and it is associated with an increased susceptibility to bacterial 

infection in general and in bronchiectasis patients [16]. International guidelines for the 

management of bronchiectasis do not recommend measuring IgG subclasses in all patients with 

bronchiectasis [2,17]. The clinical meaning of measuring IgG subclasses is still subject of debate: 

reduced levels of IgG subclasses have been demonstrated also in healthy subjects and are not 

necessarily associated with an increased risk of bacterial infection [18,19]. The prevalence of 

deficiency in one or more IgG subclasses in patients with bronchiectasis ranges from 6 to 48% and 

we reported this in 9% of our population [20-27]. We found a prevalence of 3.1% of IgG1, IgG2, or 

IgG3 deficiency in patients with bronchiectasis while previous experiences using stringent criteria 

to define this condition reported a prevalence less than 1% [22,23,25]. Among our patients, 5.9% 

of bronchiectasis patients were diagnosed with an isolated IgG4 subclasses deficiency although a 

reduced IgG4 concentration is not usually regarded as a marker of humoral immune deficiency 

[28]. An isolated IgG subclasses deficiency, in severe patients despite an optimized clinical 

management, might represent an important treatable trait in bronchiectasis [29]. Different 

experiences showed that correction of IgG subclass deficiency using intravenous or subcutaneous 

immunoglobulin replacement therapy resulted in a clinically meaningful reduction in bacterial 

chest infections [30,31]. However, specific randomized controlled trials (RCT) on bronchiectasis are 

needed.   

Notably, up to 27% of the patients might have unclassified immunodeficiency according to ESID 

definitions. The clinical significance of unclassified immunodeficiency is still a matter of debate, 

especially in asymptomatic patients [14]. However, in our cohort unclassified immunodeficiency is 



 

 

associated with the presence of clinically significant bronchiectasis. A large proportion of patients 

with unclassified immunodeficiency was characterized by alteration in both lymphocyte and 

immunoglobulin production. Thus, even if lymphocyte were not amenable to target therapy, 

immunoglobulin therapy represents a valuable therapy in this subgroup of patients. Several other 

specialist immunological tests might be required in a small proportion of patients with 

bronchiectasis to reach a diagnosis and classify primary iimmunodeficiency or evaluate its severity, 

such as mannose binding lectin genotype and function [32,33].  

Finally, no patients’ characteristics seem help physicians identify those with immunodeficiencies 

and, thus, individualize the immunological workup. Patients enrolled in our cohort belong to a 

tertiary care center and different findings could be described when patients are recruited from 

primary or secondary care centers where a minimum bundle of immunological tests is adopted. 

We could speculate that patients with severe bronchiectasis and several comorbidities attending a 

tertiary care center could be the ideal candidate for a comprehensive immunological screening. 

The study limitations are related to its monocentric nature, run in a tertiary care setting which 

could hinder the reproducibility of the findings. Different prevalence of immunodeficiencies across 

different settings could be found [3]. Thus, our epidemiological analysis needs an external, 

international validation. Another limitation is the missing follow-up to evaluate outcomes of 

patients with immunodeficiencies, including those who underwent treatment. This limitation 

negatively impacts on our ability to evaluate the cost-effectiveness of different bundles, although 

we could suggest a possible indirect advantage. A comprehensive economic analysis is needed to 

demonstrate the cost-effectiveness of early diagnosis, and eventually of a replacement therapy, of 

immunodeficiencies. Finally, third level functional studies concerning B and T cell such as 

proliferation to mitogen or T cell stimulation were not performed in our center.  



 

 

The evaluation of a large cohort of adult bronchiectasis patients who underwent the same 

comprehensive immunological work-up is a strength of our manuscript. Furthermore, the 

classification of immunodeficiencies we used in our study followed the latest ESID criteria and the 

classification of bronchiectasis etiology also followed a standardized algorithm recently published. 

 

CONCLUSION 

In conclusion we found a significantly different prevalence of adult bronchiectasis patients 

diagnosed with any, primary, or secondary immunodeficiencies across different bundles. We 

demonstrated that a 4-fold increase in the diagnosis of treatable immunodeficiencies can be found 

in adults with bronchiectasis when IgG subclasses and lymphocyte subsets are added to the 

minimum bundle of immunological tests recommended by guidelines. However, no patients’ 

characteristics seem help physicians identify those with immunodeficiencies and, thus, 

individualize the immunological workup. Thus, we recommended the following bundle of 

immunological tests in adult patients with bronchiectasis: CBC, IgA, IgG, IgM, IgG subclasses and 

lymphocyte subsets (including CD4+ T cells, CD8+ T cells, B cells and Natural Killer cells). Further 

studies are needed in external cohort of bronchiectasis patients to validate our result. RCTs are 

needed to verify if immunoglobulin replacement in bronchiectasis patients with treatable 

immunodeficiencies might improve relevant outcomes. 
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TABLES 

Table 1. Demographics, disease severity, clinical, radiological, functional and microbiological 

characteristics of the study population. 

Variables Study Population 

(N=401) 

Demographics  

Female sex, n (%) 317 (79.1) 

Age, median (IQR) 63 (50-71) 

Body mass index, median (IQR) 21.5 (19.5-24.0) 

Underweight, n (%) 58 (14.6) 

Former or current smoker, n (%) 180 (44.9) 

Comorbidities  

GERD, n (%) 180 (44.9) 

Rhinosinusitis, n (%) 138 (34.4) 

Cardiovascular diseases, n (%) 142 (35.4) 

Systemic hypertension, n (%) 93 (23.2) 

Asthma, n (%) 60 (15.0) 

Osteoporosis, n (%) 69 (17.2) 



 

 

COPD, n (%) 32 (8.0) 

Depression, n (%) 34 (8.5) 

Anxiety, n (%) 27 (6.7) 

History of neoplastic disease, n (%) 56 (14.0) 

Diabetes, n (%) 17 (4.2) 

BACI score median (IQR) 0 (0-3) 

Functional evaluation  

FEV1, median (IQR) 87 (71-101) 

FEV1 <50%, n (%) 30 (7.9) 

FVC, mean (SD) 97.5 (21.7) 

Microbiology  

Chronic infection, n (%) 120 (35.9) 

Chronic P. aeruginosa infection, n (%) 76 (22.7) 

H. influenzae chronic infection, n (%) 20 (6.0) 

NTM-PD, n (%) 41 (12.2) 

Clinical status  

Exacerbations, median (IQR) 2 (1-3) 



 

 

Exacerbations ≥3 previous year, n (%) 132 (32.9) 

LTOT, n (%) 19 (4.7) 

Daily sputum, n (%) 267 (66.6) 

Sputum volume, median (IQR) 6 (4-20) 

Chronic treatment  

Chronic macrolide therapy, n (%) 40 (10.0) 

Chronic antibiotic inhaled therapy, n (%) 21 (5.2) 

Radiology  

Reiff score, median (IQR) 4 (2-6) 

Number of lobes involved, median (IQR) 3 (2-5) 

Disease severity  

BSI score median (IQR) 6 (3-9) 

BSI moderate-severe, n (%) 244 (63.9) 

BSI severe, n (%) 98 (25.7) 

FACED score median (IQR) 2 (1-3) 

FACED moderate-severe, n (%) 141 (36.0) 

 



 

 

Table 2. Prevalence of bronchiectasis adults (N=401) with any, primary, secondary and treatable 

immunodeficiencies according to five different sets of immunological tests (see footnotes)  

 Set #1 Set #2 Set #3 

 

Set #4 

 

Set #5 

Any Immunodeficiency 36 (8.9) 93 (23.2) 179 (44.6) 179 (44.6) 179 (44.6) 

      

Primary Immunodeficiency  29 (7.2) 83 (20.7) 158 (39.4) 158 (39.4) 158 (39.4) 

Isolated IgG subclasses 

deficiency 

0 0 36 (9) 36 (9) 36 (9) 

• Isolated IgG1 

subclasses 

deficiency 

0 0 3 (0.8) 3 (0.8) 3 (0.8) 

• Isolated IgG2 

subclasses 

deficiency 

0 0 2 (0.5) 2 (0.5) 2 (0.5) 

• Isolated IgG3 

subclasses 

deficiency 

0 0 6 (1.5) 6 (1.5) 6 (1.5) 

• Isolated IgG4 

subclasses 

deficiency 

0 0 24 (5.9) 24 (5.9) 24 (5.9) 

• IgG1 and IgG3 

subclasses 

deficiency 

0 0 1 (.3) 1 (.3) 1 (.3) 

Isolated IgM deficiency  0 0 3 (0.7) 3 (0.7) 3 (0.7) 

Unclassified antibody 

deficiency 

0 0 6 (1.5) 6 (1.5) 6 (1.5) 

Common variable 

immunodeficiency  

0 0 2 (0.5) 2 (0.5) 2 (0.5) 



 

 

Severe combined 

immunodeficiency 

0 0 0 0 0 

Combined 

immunodeficiency 

0 0 0 0 0 

Hyper-IgE syndrome 0 0 0 0 0 

Isolated IgA deficiency  2 (0.5) 2 (0.5) 2 (0.5) 2 (0.5) 2 (0.5) 

DiGeorge Syndrome 1 (0.2) 1 (0.2) 1 (0.2) 1 (0.2) 1 (0.2) 

Unclassified 

immunodeficiency 

26 (6.5) 80 (20) 108 (26.9) 108 (26.9) 108 (26.9) 

      

Secondary 

immunodeficiency 

7 (1.7) 10 (2.5) 21 (5.2) 21 (5.2) 21 (5.2) 

Immunosuppressive drugs 1 (0.2) 3 (0.7) 11 (2.7) 11 (2.7) 11 (2.7) 

• Steroids 1 (0.2) 3 (0.7) 8 (2) 8 (2) 8(2) 

• Biologics 0 (0) 0 (0) 2 (0.5) 2 (0.5) 2 (0.5) 

• Antiproliferative 

agents 

0 (0) 0 (0) 1 (0.2) 1 (0.2) 1 (0.2) 

Haematological malignancy 6 (1.5) 6 (1.5) 7 (1.7) 7 (1.7) 7 (1.7) 

Transplant 0 1 (0.2) 3 (0.7) 3 (0.7) 3 (0.7) 

      

Other etiologies 113 (28.2) 113 (28.2) 67 (16.7) 67 (16.7) 67 (16.7) 

      

Idiopathic bronchiectasis 252 (62.8) 195 (48.6) 155 (38.7) 155 (38.7) 155 (38.7) 

      

Treatable 

immunodeficiencies 

15 (3.7) 37 (9.2) 67 (16.7) 67 (16.7) 67 (16.7) 

Footnotes: Data are presented as n (%); §including 26 post-infective, 8 primary ciliary dyskinesia, 5 

allergic bronchopulmonary aspergillosis. Set #1: complete blood count, total IgG, IgA, and IgM 



 

 

serum levels; Set #2: complete blood count, total IgG, IgA, and IgM serum levels, IgG subclasses; 

Set #3: complete blood count, total IgG, IgA, and IgM serum levels, IgG subclasses; Lymphocyte 

subset; Set #4: complete blood count, total IgG, IgA, and IgM serum levels, IgG subclasses; 

Lymphocyte subset, total IgE; Set #5:  complete blood count, total IgG, IgA, and IgM serum levels, 

IgG subclasses; Lymphocyte subset, total IgE, HIV. 

 

 

 

 

 

 

Table 3. Demographic, clinical, functional, radiological, and microbiological characteristics of the 

three study groups: patients with primary immunodeficiency (Group A), patients with secondary 

immunodeficiency (Group B) and patients with idiopathic bronchiectasis (Group C)  

Variables 

 

Group A 

(n= 158) 

Group B 

(n= 21) 

Group C 

(n= 155) 
p-value 

Demographics 

Female sex, n (%) 122 (77.2) 13 (61.9) 129 (83.2) 0.06 

Age, median (IQR) 65 (52-73) 70 (65-73) 62 (48-70) 0.0091 

BMI, median (IQR) 
21.1 (19.2-

24.0) 
23.5 (21.9-25.5) 21.4 (19.7-24.0) 0.08 



 

 

Underweight, n (%) 27 (17.2) 2 (10.0) 20 (13.0) 0.48 

Former or current smoker, n 

(%) 
63 (39.9) 13 (61.9) 77 (49.7) 0.07 

Comorbidities 

GERD, n (%) 71 (44.9) 11 (52.4) 74 (47.7) 0.76 

Rhinosinusitis, n (%) 58 (36.7) 7 (33.3) 45 (29.0) 0.35 

Cardiovascular diseases, n (%) 66 (41.8) 12 (57.1) 43 (27.7) 0.0043 

Systemic hypertension, n (%) 43 (27.2) 8 (38.1) 29 (18.7) 0.06 

Asthma, n (%) 24 (15.2) 1 (4.8) 29 (18.7) 0.25 

Osteoporosis, n (%) 24 (15.2) 10 (47.6) 26 (16.8) 0.0014 

COPD, n (%) 16 (10.1) 2 (9.5) 9 (5.8) 0.32 

Depression, n (%) 17 (10.8) 3 (14.3) 10 (6.5) 0.24 

Anxiety, n (%) 11 (7.0) 2 (9.5) 11 (7.1) 0.84 

History of neoplastic disease, 

n (%) 
23 (14.6) 12 (57.1) 13 (8.4) 

<0.000

15 

Diabetes, n (%) 
6 (3.8) 7 (33.3) 3 (1.9) 

<0.000

16 

Functional 

FEV1, mean (SD) 85.9 (24.9) 84.6 (27.2) 85.6 (20.8) 0.97 

FEV1 <50%, n (%) 13 (8.8) 2 (10.0) 9 (6.2) 0.62 

FVC, mean (SD) 98.5 (23.2) 97.5 (25.1) 97.3 (18.6) 0.89 

Microbiological 

Chronic infection, n (%) 49 (36.6) 5 (29.4) 46 (35.4) 0.84 

P. aeruginosa chronic 31 (23.1) 3 (17.7) 30 (23.1) 0.95 



 

 

infection, n (%) 

H. influenzae chronic 

infection, n (%) 
7 (5.3) 3 (17.7) 8 (6.2) 0.14 

NTM-PD, n (%) 18 (13.4) 3 (17.7) 11 (8.5) 0.29 

Clinical 

Exacerbations, median (IQR) 2 (1-3) 1 (0-3) 2 (1-3) 0.97 

Exacerbations ≥3 previous 

year, n (%) 
51 (32.3) 8 (38.1) 49 (31.6) 0.84 

LTOT, n (%) 11 (7.0) 2 (9.5) 4 (2.6) 0.09 

Daily sputum, n (%) 104 (65.8) 15 (71.4) 107 (69.0) 0.77 

Sputum volume, median (IQR) 7 (4.5-20.0) 5.5 (3-50) 6 (5-20) 0.93 

Chronic macrolide therapy, n 

(%) 
16 (10.1) 1 (4.8) 11 (7.1) 0.62 

Chronic antibiotic inhaled 

therapy, n (%) 
8 (5.1) 1 (4.8) 10 (6.5) 0.86 

Radiological 

Reiff score, median (IQR) 4 (2-6) 4 (2-6) 4 (3-6) 0.99 

Number of lobes involved, 

median (IQR) 
3 (2-4) 4 (2-6) 4 (2-5) 0.59 

Disease severity 

BSI score median (IQR) 6 (4-9) 6 (3.0-8.5) 6 (3-8) 0.11 

FACED score median (IQR) 2 (1-3) 2 (2-3) 2 (1-3) 0.06 

BACI score median (IQR) 0 (0-3) 6 (3-10) 0 (0-3) 0.00018 

Footnotes: 1 Group B VS. Group C p-value: 0.008 



 

 

2 Group A VS. Group C p-value: 0.04; Group B VS. Group C p-value: 0.01 

3 Group A VS. Group C p-value: 0.009; Group B VS. Group C p-value: 0.006 

4 Group A VS. Group B p-value: 0.0004; Group B VS. Group C p-value: 0.001 

5 Group A VS. Group C p-value <0.0001; Group B VS. Group C p-value <0.0001 

6 Group A VS. Group C p-value <0.0001; Group B VS. Group C p-value <0.0001 

7 Group A VS. Group C p-value: 0.001; Group B VS. Group C p-value: 0.04 

8 Group A VS. Group B p-value: <0.0001; Group B VS. Group C p-value: <0.0001 

 

 



ONLINE SUPPLEMENT 

MATERIALS AND METHODS 

Reference values for immunological tests 

Reference values of the following tests: white blood cells (4800-10800/mm3), IgA (70-400 mg/dL), 

IgG (700-1600 mg/dL),  IgM (40-230 mg/dL),  IgG1 (3.150-8.550 g/L), IgG2 (0.640-4.950 g/L), IgG3 

(0.230-1.096 g/L), IgG4 (0.110-1.570 g/L), total IgE (0-100 kUA/dL),  CD4+ T cells (300-1400cells/µL), 

CD8+ T cells (200-900cells/µL), B cells (100-500cells/µL), Natural Killer cells (90-600cells/µL); Serum 

electrophoresis was defined as “positive” in presence of a monoclonal component; HIV test was 

ELISA antibodies HIV1/2 assay, if positive, a confirm with western-blot test was required. 

 

Sputum evaluation of patients with immunodeficiencies 

At the time of enrolment and during their clinical stability patients were asked to provide a sputum 

sample to assess microbiome and inflammatory biomarkers. Patients with active non-tuberculous 

mycobacterial pulmonary disease were excluded from sputum analysis.  Sputum sample were split 

in two aliquots: the first one was used for DNA extraction and subsequently for microbiome and 

molecular biology (see below) analysis, whereas the second one was used to produce sputum 

supernatant for the evaluation of inflammatory biomarkers.  

Microbiome. DNA extraction along with sequencing of bacterial 16S rRNA gene amplicons (V3-V4 

region) was performed according to previously published studies [12,13]. V3-V4 16S rRNA genes 

were amplified using the 16S metagenomic sequencing library preparation protocol (Illumina, San 

Diego, CA, USA).  



Bioinformatic analysis. Bioinformatic analysis was carried out as previously described [14]. Briefly, 

Quantitative Insights into Microbial Ecology (QIIME2) pipeline was used to analyze 16s sequences 

reads.  ASV frequency table was used to report relative abundance of each type of bacteria. Shannon 

diversity index, Pielou’ Evenness and richness were adopted to evaluate alpha diversity (within 

sample diversity). The DESeq2 (v3.5, R Bioconductor) package was used to evaluate differences 

between groups of 16S rRNA gene sequencing data through Differential gene expression analysis 

based on the negative binomial distribution [15]. Principal coordinates analysis (PCoA) was used to 

represent beta diversity data, specifically using Bray-Curtis dissimilarity. Data were analyzed at genus 

levels.  Sequence data are available from the NCBI Sequence Read Archive (accession number to the 

bioproject PRJNA664034). 

Molecular biology. A Real-time PCR for the detection and quantification of Pseudomonas 

aeruginosa, Haemophilus influenzae, Staphylococcus aureus and Streptococcus pneumoniae was 

performed as previously described [14]. Inflammatory biomarkers. Mucus plug was diluted 8X in 

PBS, vortexed and centrifuged at 4°C for 15 minutes at 3,000g. Supernatants were stored at -80°C.  

ProteaseTag® Active Neutrophil Elastase Immunoassay (Proaxis, Belfast, UK) was used to assess 

active neutrophil elastase (aNE) [16]. Similarly, TNFa, IL1b, IL10, and IL6 were tested using 

commercially available ELISA assay (Cusabio Technology LLC, Houston, USA). Further details on DNA 

extraction and molecular analysis are reported in the online supplement. 

DNA extraction was performed using Roche High Pure PCR Template Preparation Kit (Hoffmann – La 

Roche. Basilea. Switzerland) with a pre-treatment with dithiothreitol (DTT; Sputafluid, Biolife Italiana 

Srl, Italy) and enzymatic lysis with 3.6 mg/ml lysozyme and 0.18 mg/ml lysostaphin (Sigma-Aldrich. 

Saint Louis. Missouri, USA). Control samples and mock microbial DNA were similarly treated. V3-V4 

16S rRNA gene were amplified from DNA extracts using the 16S metagenomic sequencing library 

preparation protocol (Illumina, San Diego, CA, USA) using suggested primers. Amplicons were 



barcoded using Nextera XT library prep kit (Illumina, San Diego, CA, USA) as per manufacturer’s 

instructions. PCR products were visualized using Bioanalyzer 2100 (Agilent, Santa Clara, CA, USA) 

and, then, cleaned using AMPure XP magnetic bead-based purification (Beckman Coulter, Brea, CA, 

USA) [1, 2].Sample libraries were quantified using Qubit and, then, pooled in an equimolar mode. 

Finally, the pool was sequenced on MiSeq (Illumina, San Diego, CA, USA) sequencing platform, using 

a 2  300 cycle V3 kit and following standard Illumina sequencing protocols. 

Real time PCR for bacterial detection 

Bacterial DNA was amplified and quantified using a real-time PCR assay with TaqMan probes for P. 

aeruginosa (gyrB gene), Staphylococcus aureus (nuc gene), Streptococcus pneumoniae (lytA gene), 

and H. influenzae (fucK gene) using AB7900HT Fast Real-Time PCR System (Applied Biosystems), with 

primers and probes previously published [3]. 

Quantitative PCR amplification was performed in 20-µL reaction mixture containing 2x QuantiFast 

Multiplex PCR Master Mix (Qiagen), primers and probes and 2 µL of DNA extracted from sputum 

samples. Moreover, a real-time PCR targeting human RNaseP gene was used to detect PCR inhibition 

or extraction failure. Amplification was performed with the following parameters: 95°C for 5 

minutes, followed by 45 cycles of 95°C for 45 seconds and 60°C for 1 minute. To quantify the amount 

of bacterial DNA in each sample standard curves were prepared using quantitative genomic DNA 

from S. pneumoniae (ATCC® 700669DQTM), P. aeruginosa (ATCC® 47085DQTM), S. aureus (ATCC® 

29213DQTM), and H. influenzae (ATCC® 51907DQTM). These were quantified with Qubit and Quant-

iT dsDNA Assay Kit High Sensitivity and, then, diluted at 1ng/µL; subsequently, standard curve was 

prepared by 10-fold dilution from 1ng/µL to 1*10-7 ng/µL. Samples and controls were tested in 

triplicate and samples were assumed to be positive if Ct is <38. Target genes (gyrB, nuc, lytA and 

fucK) were in a single copy in the genome and the number of measured copies was assumed to be 



equivalent to the bacterial load [4]. The number of genome copies were calculated based on 7.22 

fg, 3.01 fg, 2.28 fg, and 1.95 fg of DNA per P. aeruginosa, S. aureus, S. Pneumoniae, and H. influenzae 

genomes, respectively. Quantification of bacteria found in each sample was based on standard 

curves generate by plotting the Ct values against known genome copies. Conversion of genome 

copies/reaction to genome copies/mL was based on a 2µL input per reaction derived from 100 µL of 

eluate extracted from 200 µL of treated specimen. 

Briefly, Quantitative Insights into Microbial Ecology (QIIME2) pipeline was used to analyse 16s 

sequences reads. Sequences underwent de-multiplexing and quality filtering with default 

parameters. After demultiplexing, sequences were matched through the DADA2 pipeline generating 

amplicon sequence variants (ASV) and a frequency table [5, 6]. Quality control step filtered out non-

microbiota sequences with a 97% homology to a Greengenes database. A classifier with 99% 

homology to the V3-V4 region was trained with remaining sequences assigned with taxonomy based 

on 99% homology [7]. No OTU was removed from the analysis. 

ASV frequency table was used to report relative abundance of each type of bacteria. Shannon 

diversity index, Pielou’ Evenness and richness were utilized to evaluate alpha diversity (within 

sample diversity). The DESeq2 (v3.5, R Bioconductor) package was used to evaluate differences 

between groups of 16S rRNA gene sequencing data through Differential gene expression analysis 

based on the negative binomial distribution [8]. PCoA was used to represent beta diversity data, 

specifically using Bray-Curtis dissimilarity. Data were analysed at genus levels.  

Sequence data are available from the NCBI Sequence Read Archive (accession number to the 

bioproject PRJNA664034). 

 



The severity of bronchiectasis was evaluated according to both the Bronchiectasis Severity Index [9] 

and the FACED score [10]. Radiological severity of bronchiectasis was assessed using a modified Reiff 

score, which rates the number of involved lobes (with the lingula considered to be a separate lobe) 

and the degree of dilatation (range: 1-18) [11]. Bronchiectasis etiology was evaluated following the 

recommendations of the 2017 European Respiratory Society guidelines and the etiological 

classification was based on the algorithm published by Araújo et al. [12, 13]. Chronic bacterial 

infection was defined as the presence of 2 cultures positive for pathogenic bacteria at least 3 months 

apart over 12 months [9]. Chronic P. aeruginosa infection was defined as the presence of 2 cultures 

positive for P. aeruginosa at least 3 months apart over 12 months [14]. Patients completed the 

Quality of Life-Bronchiectasis (QOL-B) questionnaire as a measure of quality of life [15]. All 

bacteriology was performed on spontaneous sputum samples during stable state as previously 

described [Chalmers Am J Respir Crit Care Med 2012]. Murray-Washington criteria for sputum 

quality were adopted, with all samples having <10 squamous cells and m>25 leukocytes per low-

power microscope field. Exacerbation of bronchiectasis was defined according to Hill et al. [16] 

 

 

RESULTS 

Sputum analysis 

Microbiome and inflammatory biomarkers analyses were performed in 48 patients with primary 

immunodeficiency and 49 with idiopathic bronchiectasis. Patients with secondary 

immunodeficiency were excluded due to the small sample size.  

Microbiome. 210 sequences were found in negative control, filtered out after quality control step. 

In terms of within-sample diversity, patients with primary immunodeficiency had lower median 

(IQR) values of Shannon [primary immunodeficiency 4.1 (2.3-5.3) VS. idiopathic 4.9 (3.6-5.8); P: 

Other study definitions 



0.029], Evenness [0.7 (0.5-0.8) VS. 0.8 (0.6-0.9); P: 0.053] and Richness [47.5 (21.0-75.2) VS. 70.0 

(51.0-96.0); P: 0.010] in comparison with those with idiopathic bronchiectasis (Figure 1a,b,c and 

Table 3). Compositional results of the primary immunodeficiency and idiopathic bronchiectasis 

groups are reported in (Figure 1d). The PCoA based on Bray-Curtis dissimilarity through PERMANOVA 

analysis did not show any statistical significance (p=0.265) between the two groups (Figure 1e).  

Bacterial burden. The rate of P. aeruginosa, H. influenzae, and S. pneumoniae infection was not 

different in patients with primary immunodeficiency patients and in those with idiopathic 

bronchiectasis. S. aureus infection was significantly less frequent in primary immunodeficiency 

patients [26 (53.1%) VS. 38 (39.2%), P: 0.005) in comparison with those with idiopathic 

bronchiectasis (Table 4). 

Inflammatory biomarkers. aNE levels were not different between primary immunodeficiency and 

idiopathic bronchiectasis groups. Furthermore, levels of inflammatory mediators (i.e., TNFα, IL1β, 

IL-6 and IL10) were not different when patients with primary immunodeficiency were compared 

with those with idiopathic bronchiectasis (Figure 2 and Table 4). 

  



 

Table 4. Microbiome, molecular biology and airway inflammation in sputum of patients with 

primary immunodeficiency (Group A, N=48) versus patients with idiopathic bronchiectasis (Group 

C; N=49) 

Variables 
Group A 

(N=48) 

Group C 

(N=49) 

p-

value 

Sputum microbiome α diversity 

Median (IQR) Shannon 4.1 (2.3, 5.3) 4.9 (3.6, 5.8) 0.029 

Median (IQR) Richness 47.5 (21.0, 75.2) 70.0 (51.0, 96.0) 0.01 

Median (IQR) Evenness 0.7 (0.5, 0.8) 0.8 (0.6, 0.9) 0.053 

Molecular detection of respiratory pathogens 

P. aeruginosa detection 28 (58.3%) 20 (40.8%) 0.084 

P. aeruginosa genome copies/mL, 

log 
7.6 (6.9, 8.1) 7.5 (6.8, 8.3) 0.95 

H. influenzae detection 12 (25.0%) 15 (30.6%) 0.537 

H. influenzae genome copies/mL, 

log 
7.6 (5.3, 9.0) 5.1 (4.3, 7.8) 0.107 

S. aureus detection 12 (25.0%) 26 (53.1%) 0.005 

S. aureus genome copies/mL, log 4.5 (3.3, 7.7) 4.3 (3.6, 6.5) 0.925 



S. pneumoniae detection 18 (37.5%) 20 (40.8%) 0.738 

S. pneumoniae genome 

copies/mL, log 
3.5 (3.0, 4.7) 3.5 (3.3, 4.6) 0.792 

Inflammatory biomarkers 

Median (IQR) active neutrophil 

elastase, ng/mL 
17.0 (5.9, 32.3) 14.4 (5.4, 31.9) 0.489 

Median (IQR) TNFα, pg/mL 929.9 (542.1, 1148.5) 1145.8 (699.7, 1314.5) 0.163 

Median (IQR) IL6, pg/mL 176.2 (79.0, 271.9) 144.1 (68.9, 239.0) 0.522 

Median (IQR) IL1β, pg/mL 
360990.2 (271474.7, 

552694.3) 

353607.4 (197558.8, 

486900.3) 
0.64 

Median (IQR) IL10, pg/mL 
31590.9 (13441.6, 

55344.1) 

19689.9 (10046.4, 

37742.2) 
0.456 

Median (IQR) active neutrophil 

elastase, ng/mL 
17.0 (5.9, 32.3) 14.4 (5.4, 31.9) 0.489 

 

 

 

 

 



 

 

FIGURES 

 

Figure 1: Comparison of alpha diversity levels in terms of a) Shannon diversity, b) Evenness, c) 

Richness across primary immunodeficiency and idiopathic groups; d) genera Barplots in idiopathic 

and primary immunodeficiency groups; e) PCoA according to Bray-Curtis dissimilarity in idiopathic 

and primary immunodeficiency groups 

  



 

Figure 2: Comparison of inflammatory biomarkers levels in terms of A) Active neutrophil elastase B) 

TNFa, C) IL1B, D) IL6 and  E) IL10 across primary immunodeficiency and idiopathic groups 
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