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OBJECTIVE: Bronchiectasis is characterized by chronic respiratory infection. The role of immunodeficiency in this disease is poorly
studied in relation to clinical indices. The primary aim of this study was to determine the frequency of these neglected altered immune
status by evaluating immunoglobulins, lymphocyte subsets, complement levels, and neutrophil function, and to assess its relationship
with clinical parameters in adult patients with non-cystic fibrosis bronchiectasis (NCFB).

MATERIAL AND METHODS: A total of 74 (30 men and 44 women with a mean age of 47+17 years) adult patients with stable NCFB
were enrolled in this study. The bronchiectasis severity index (BSI) and FACED (F:FEV1, A: Age, C: Chronic colonization, E: Extension, D:
Dyspnea) scores were assessed. Peripheral blood samples were collected for the detection of total 1gG, IgA, 1gM, IgE, and 1gG subclasses
and C3 and C4 levels. The counts of CD3, CD4, CD8, CD19, CD16/56 expressing peripheral blood lymphocytes and neutrophil oxida-
tive function were evaluated.

RESULTS: In the study population, BSI and FACED severity index scores increased with longer duration of the disease (p=0.01 and
p=0.040, respectively). Of the 74 patients, 27 (37%) showed humoral aberrations. The number of male patients were higher in this group
(p=0.03). High serum total IgE levels were associated with high scores in BSI (moderate-severe group versus mild group, p=0.030). Pa-
tients with bronchiectasis demonstrated lower CD3+ T cell count, lower CD4+ T helper cell percentage, and lower CD4+ T cell count
(p=0.031, p=0.030, p=0.029, respectively) than healthy subjects. A significant negative correlation was found between the percentage
and count of CD16/56+ natural killer (NK) cells and the number of exacerbations within the past year (r=-0.230, p=0.049 and r=-0.264,
p=0.023, respectively).

CONCLUSION: Humoral aberrations in adult patients with NCFB were found to be frequent. IgE levels were related to high scores for
disease severity indices. Furthermore, patients with low percentage and counts of NK cells had higher rates of exacerbations. These re-
sults emphasize the importance of immune function assessment in adult patients with NCFB.
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INTRODUCTION

Bronchiectasis has been defined as the abnormal dilatation of the air conducting bronchi of the lung, which is character-
ized by chronic respiratory tract infection and sputum production. Bronchiectasis in adults is one of the important causes
of respiratory morbidity and mortality despite recent medical advances. Recently, the etiologic spectrum of these patients
has changed remarkably with the new diagnostic tools, and new entities have been reported, such as adulthood cystic
fibrosis, mucociliary system abnormalities, allergic bronchopulmonary aspergillosis, aspiration of irritants, common vari-
able immune deficiency (CVID), collagen vascular diseases, inflammatory bowel disease, and various systemic diseases
[1-4]. Although previous studies of immune defects in bronchiectasis have emphasized only the role of antibody defi-
ciencies, major advances in immunology have improved our knowledge; various forms of immune deficiency have been
described and categorized, such as primary immune deficiency disorders (PIDDs). Patients with PIDDs may present with
recurrent infections affecting various organs, including lungs, along with organ-specific inflammation/autoimmunity and
increased cancer risk [5]. Bronchiectasis itself is listed as the need for PIDD evaluation. Although reduced immunoglobu-
lin secretion is the hallmark, there are remarkably few published data related to IgG subclass deficiencies, complement
system, and neutrophil function deficiencies in patients with bronchiectasis [6-10]. In a study of Pasteur et al. [3], 27%
of 150 patients with bronchiectasis were found to have immunodeficiency. King et al. [11] investigated immune system
functions in 103 adult patients with bronchiectasis and found that a significant number of them had low levels of IgG3,
B cell lymphocytes, and T helper lymphocytes in addition to the abnormality of the neutrophil oxidative burst. Almost
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half of the patients were reported to have immune deficiency
disorders in that study.

These recent findings highlight the importance of immune sys-
tem screening in adults with non-cystic fibrosis bronchiecta-
sis (NCFB), whereas the diversity of PIDDs and the wide age
range with different clinical occurrences may complicate the
identification of these patients. The nature of the immune sta-
tus in bronchiectasis and relation to the severity of the disease
have not been well studied. This study aimed to determine
the frequency of these neglected altered immune status by
evaluating the levels of immunoglobulins, lymphocyte subsets,
complement levels, and neutrophil function and to assess its
relation with clinical parameters in adult patients with NCFB.

MATERIAL AND METHODS

Patients and Control Group

The research project was approved by Marmara Univer-
sity medical faculty clinical research ethics committee (NR
09.2015.120). Patients who met the criteria defined in this
study protocol were enrolled into the study after obtaining
written informed consents.

A total number of 74 adult patients who had been diagnosed
for NCFB at pulmonology clinics of the xxxxx University hos-
pital were enrolled in this cross-sectional study. The diagno-
sis of bronchiectasis was made on the basis of clinical history
of mucopurulent sputum and radiological confirmation of
high-resolution computed tomography (HRCT) scanning. A
radiologist blinded to the study interpreted the HRCT scans
and assessed the severity of radiologic presentation with the
evaluation of each lobe. All patients had not had any exac-
erbation for at least T month. Sweat test was performed ac-
cording to the international guidelines for exclusion of cystic
fibrosis (CF) in all the participants. Patients with CF malig-
nancy, pregnancy, and already known secondary immunode-
ficiency were excluded from the study. Medical records were
reviewed, and a follow-up form for each patient questioning
their medical history, symptoms, smoking history, physical ex-
amination, medications and comorbidities, past history, dura-
tion of disease (time since diagnosis), the number of disease
exacerbations and hospitalizations within the past year was
filled out. Exacerbation was defined as a person with bron-
chiectasis with a deterioration in 3 or more of the following
key symptoms for at least 48 hours; cough, sputum volume
and/or consistency, sputum purulence, breathlessness and/

MAIN POINTS

e Humoral aberrations in adult patients with Non-CF
Bronchiectasis were found to be frequent.

e Lymphocyte subset analysis showed that there was
fewer CD3+ T cell count and lower CD4+ T helper
cell percentage and count in patients with non-CF
Bronchiectasis when compared with healthy individuals.

e  Patients with low percentage and counts of Natural Killer
cells had higher rates of exacerbations.

e These results emphasize the importance of immune
function assessment in adult patients with Non-CF
Bronchiectasis.

or exercise tolerance, fatigue and/or malaise, hemoptysis,
and a clinician determined that a change in bronchiectasis
treatment was required [12]. All the patients underwent pul-
monary function tests and carbon monoxide diffusion tests
according to the American Thoracic Society criteria [13],
their height and body weight were measured, and the modi-
fied medical research council (IMMRC) dyspnea scales (grade
0: no dyspnea, grade 1: slight dyspnea, grade 2: moderate
dyspnea: grade 3: severe dyspnea, and grade 4: very severe
dyspnea) were assessed. Sputum smears and cultures were
obtained from all the 74 patients during stable state. We in-
vestigated all respiratory bacteria, including mycobacteria.
Bronchiectasis disease severity indices, such as bronchiec-
tasis severity index (BSI) and FACED, were calculated. The
BSI score was based on age, body mass index, FEV/ (Forced
Expiratory Volume at first second) % of the predicted value,
number of hospital admissions and exacerbations, mMRC
scale, bacterial colonization, number of involved lobes (mild:
0-4 points, moderate: 5-8 points, severe: 9 and above points),
and FACED score was based on F- FEV % of predicted value,
A-age, C-Chronic colonization of Pseudomonas aeruginosa,
E-Extension-the number of involved lobes, and D-Dyspnea
score as mMRC, (mild: 0-2 points, moderate: 3-4 points,
severe: 5-7 points) [14, 15]. Charlson comorbidity indices
weighting the clinical conditions present among secondary
diagnoses (such as coronary artery disease 1 score and meta-
static solid tumor 6 score, and so on) were calculated [16].

Immunological Analyses

Major clinical manifestations were screened for potential
clinical features suggestive of an immunodeficiency in all pa-
tients using a questionnaire developed by the Jeffrey Modell
Foundation. The questionnaire included frequencies of ear
infection, bronchiectasis/pneumonia, deep skin infection,
abscess, fungal infection, septicemia, need for intravenous
antibiotics, and family history of primary immunodeficiency
[5]. Immunologic evaluation was performed with absolute
lymphocyte, neutrophil, and eosinophil counts; baseline
levels of serum IgG, IgA, 1gM, IgE, and IgG subclasses; C3,
C4, lymphocyte subsets including T helper, T cytotoxic, B,
and NK cell percentages; and absolute counts and oxidative
burst capacity of neutrophils. The diagnosis of CVID, selec-
tive IgA deficiency, unclassified hypogammaglobulinemia,
and 1gG subclass deficiency were based on European Society
of Immunodeficiencies-Pan-American Group for Immuno-
deficiency ESID-PAGID criteria [17]. A total of 17 healthy,
age-matched donors were included as control into the study
for the comparison of the lymphocyte subset analysis, in-
cluding 11 women and 6 men aged between 27 and 52
(meanzxstandard deviation=38+8) years. None of these con-
trols had a history of acute or chronic respiratory tract infec-
tion or primary immune deficiency warning signs.

Complete blood counts, including white cell differential
counts, were determined with blood specimens using a he-
mocytometer (Abbot Diagnostics, USA). Total blood count
analyses including hemoglobin level and number of thrombo-
cytes were performed. Peripheral blood smears were stained
with the Wright method, and differential blood counts (neu-
trophils, lymphocytes, and eosinophils) were checked micro-
scopically.
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Measurement of imnmunoglobulins, C3, C4 and a-1 antitryp-
sin levels

For the measurements of serum 1gG, IgA, 1gM, IgE, 18G sub-
classes; C3, C4; and a-1 antitrypsin levels, 10 cc of peripher-
al blood samples were collected. IgE levels were determined
by solid phase enzyme-linked chemilumiscence immuno-
metric assay (Immulite 2000, Siemens, USA). 1gG, IgA, IgM,
and 1gG subclasses and a-1 antitrypsin levels were measured
by immunonephelometry (BN Pro Spec Systems, Siemens
Healthcare Diagnostics, Germany). The immunoglobulin re-
sults were compared with the normative data published by
Kutukculer et al. [18]. An in vitro test was performed for the
quantitative immunological determination of human comple-
ment C3 and C4 in serum obtained on a Cobas Integra 400
plus analyzer using the Cobas Integra Tina-quant Comple-
ment C3 and C4 (Roche, Mannheim, Germany). Reference
values for complement and a-1 antitrypsin levels were based
on our laboratory reference ranges.

Lymphocyte subsets

Lymphocyte subsets and complete blood count were per-
formed to assess both percentages and absolute counts of T
cells, B cells, and natural killer (NK) cells. Peripheral blood
samples were collected from the patients into 2 mL ethylenedi-
amine tetraacetic acid containing tubes, and 100 pL of whole
blood was added to mixtures of directly conjugated fluores-
cent antibodies and incubated for 20 minutes in the dark at
22°C Red cells were then lysed using FACSlyse (Becton Dick-
inson, San Jose, CA, USA) and washed twice with CellWash
(Becton Dickinson, San Jose, CA, USA) before acquisition.
To determine lymphocyte subsets, the following monoclonal
antibodies were used: fluorescein isothiocyanate-conjugated
anti-CD3, CD4, CD45; phycoerythrin-conjugated anti-CD8,
CD14, CD19, CD16/CD56; peridinin chlorophyll protein-
conjugated anti-CD3; and allophycocyanin-conjugated anti-
CD20. All these antibodies were obtained from BD Biosci-
ences (San Diego, CA, USA). Analyses were performed and
quadrant statistics were calculated on FACSCalibur cytom-
eter using CellQuest software (Becton Dickinson, San Jose,
CA, USA). CD3+ T cells, CD3+ CD4+ T helper, CD3+ CD8+
T cytotoxic, CD19+ B cell, CD16/CD56+ NK cell counts
and percentages were determined. Absolute numbers were
obtained by multiplying the percentages with Absolute Lym-
phocyte Count (ALC) concurrently, and percentage ratio and
absolute numbers were compared with normative data previ-
ously created in our laboratory [19].

Neutrophil function-oxidative burst (dihydrorhodamine-1, 2,
3 test)

The dihydrorhodamine (DHR) assay was performed as de-
scribed by Koker et al. [20]. Briefly, whole blood cells were
lysed using FACSlyse and washed twice with Hank’s bal-
anced salt solution. The cells were then incubated with DHR,
stimulated with phorbol 12-myristate 13-acetate, and were
analyzed using flow cytometry. The results were calculated as
stimulation index (the ratio of mean fluorescence intensity of
the stimulated cells and that of the unstimulated cells). Each
patient sample was analyzed and assessed with a healthy
sample as experimental control.

Statistical Analysis

All statistical analyses were performed using the Statistical
Package for Social Sciences version 23.0 software program
(IBM SPSS Corp.; Armonk, NY, USA). Descriptive statistics
for normally distributed continuous data were shown as
meanz=standard deviation. Median (minimum-maximum)
values were used to assess non-normally distributed data.
Categorical variables were compared by the chi-square test,
and the Fisher’s exact test was used if the number of expect-
ed values was lower than 5 in 4-cell tables. To compare the
mean values of continuous variables between 2 groups, t-test
was used for normally distributed and the Mann-Whitney U
test was used for non-normally distributed data. Correlations
between normally distributed data were tested by the Pearson
correlation analysis, and Spearman correlation test was used
for non-normally distributed data. The Tukey test was used for
post-hoc analysis. A multivariant logistic regression analysis
was performed to test the parameters that had significant cor-
relations with the severity of bronchiectasis (BSI and FACED).
For all analyses, p values <0.05 were considered statistically
significant.

RESULTS

A total of 74 patients (44 women and 30 men) aged 18 years
and above, who were referred to the pulmonary medicine
outpatient clinic between September 01, 2015, and April 01,
2016, and were diagnosed with stable NCFB, were included
in the study. Among the 92 patients with bronchiectasis who
had been referred to the outpatient clinic, 3 patients with a
known diagnosis of CVID in childhood and 10 patients with
CF were excluded from the study, and 5 patients did not pro-
vide consent for participation.

Of the 74 patients with NCFB, 1 (1%) had a history of pso-
riasis, 5 (7%) had a history of COPD, 9 (12%) had a history
of asthma, 5 (7%) had a history of rheumatoid arthritis, and
12 (15%) had a history of tuberculosis. Overall, 23 (31%)
patients had normal, 20 (27%) patients had mixed, 13 (18%)
had obstructive, and 18 (24%) had restrictive lung function
tests. The sputum culture of 20 (25%) patients grew only
Pseudomonas aeruginosa, and 41 (55%) patients had positiv-
ity for other microorganisms, including P aeruginosa. Table
1 indicates the demographical characteristics, microorgan-
isms in sputum culture, history of oxygen and non-Invasive
Mechanical Ventilation (NIMV) use, Charlson comorbidity
index, hospitalization and exacerbation rate within the past
year, lung function test indices, and disease duration of the
enrolled patients. According to the BSI severity index, 36
(49%) patients were classified as mild and 38 (51%) patients
as moderate-severe and 48 (65%) patients as mild and 26
(35%) patients as moderate-severe on the basis of the FACED
severity index. Frequency of patients with 10 years and lon-
ger duration of disease increased in the moderate-severe BSI
and FACED index groups compared with mild BSI and FACED
index groups (40% versus 11%, p=0.016 and 42% versus
17%, p=0.040, respectively).

A total of 12 (16%) patients had an eosinophil count of
>300%x10%/mL. Eosinophil number and percentage was not
found to be related to disease severity indices. None of the pa-
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tients demonstrated neutropenia in the complete blood count.
The summary of immunoglobulin levels is given in Table 2. A
total of 27 (37%) patients were defined as having a humoral
aberration, and only 1 patient had a low complement level
(Table 3). Among the 74 patients with NCFB, we found 5 pa-
tients with probable CVID (2 patients with low IgA and low
IgG levels and 3 patients with low IgG and IgM levels) and 22
patients with unclassified antibody deficiencies (low I1gM, low
IgA, and a combination of several low IgG subclass levels),
and only 1 with IgG2 subclass deficiency (Table 3). Compar-

Table 1. Demographic and clinical characteristics of
patients with NCFB

Patients n=74
Age (years) 4717
Sex F/M (%) 44/30(59/41)
BMI (kg/m?) 2616
Smoking history

Non-smokers 56
Active smokers 6
Ex-smokers 12
History of tuberculosis 12
mMRC 1(0-4)
Colonization of microorganism

Pseudomonas aeruginosa 20
Acromobacter 1
Haemophilus influenzae 15
Streptococcus pneumoniae 1
Klebsiella pneumoniae 1
Moraxella catarhalis 1
Methicillin-sensitive Staphylococcus aureus 1

H. influenza+streptococcus 1
Number of exacerbations within the past year 3.11 (0-10)
Number of hospitalizations within the past year 1.5 (0-4)
Disease duration (years) 5 (1-40)
Charlson comorbidity index 1 (1-6)
Lung function test results

FEV1% 70.2+£29.5
FEV1 (L) 2.02+0.96
FVC% 78.4+24.9
FVC (L) 2.71£1.11
FEV1/FVC % 70.4+£14.5
MMEF % 44+36
MMEF (L) 1.63+1.37
DLCO % 86+25
DLCO L/min/mmHg 7.47+2.65

NCFB: non-cystic fibrosis bronchiectasis; F/M: female/male; BMI:
body mass index; mMRC: modified medical research council dyspnea
score; FEV1: forced expiratory volume in the first second; FVC: forced
vital capacity; MMEF: maximal mid-expiratory flow; DLCO: diffusing
capacity of lung for carbon monoxide

Frequencies expressed as n (%), parametric data as meanzstandard
deviation, and non-parametric data as median (min-max) values.

ing the 2 groups as having humoral aberration/hypocomple-
mentemia or not, the proportion of men was found to be more
frequent than women in the first group (57% versus 43%, re-
spectively, p=0.03). There was no difference between the ages
of patients between these 2 groups. No significant differences
were found in the setting of lung function patterns and severity
indices between the 2 groups having humoral aberrant/hypo-
complementemia or not. There was a range of microorgan-
isms isolated from the sputum samples of patients, including P
aeruginosa, Moraxella catarrhalis, Streptococcus pneumonia,
methicillin-sensitive Staphylococcus aureus, Haemophilus in-

Table 2. Immunoglobulins, complements, and a-1
antitrypsin levels in patients with NCFB

Immunological data Value

IgE (IU/L) 46.9 (2.0-1643.0)
IgA (g/L) 278.0 (6.0-834.0)
IgM (/L) 109.5 (27.0-370.0)
18G (g/L) 1360.0 (132.0-2230.0)
18G1 (g/L) 602.9+243.3
1gG2 (g/L) 506.4+153.4
18G3 (g/L) 129.8+68.7
1G4 (g/L) 0.45 (0.07-1.92)
C3 (g/l) 1.16+0.22

C4 (g/L) 0.28 (0.10-0.61)

Alpha-1 antitrypsin (pg/mL) 1.42 (0.21-2.09)

NCFB: non-cystic fibrosis bronchiectasis
Parametric data presented as mean+standard deviation and non-
parametric data as median (min-max) values.

Table 3. Characteristics of immune-aberrant patients with
NCFB

Immunological data Value
Probable CVID 5
Selective IgA deficiency and Low IgG 1
Low IgA and low IgG 1
Low IgM and low IgG 3
Unclassified antibody deficiencies 22
Low IgM 12
Low IgM and low IgG1 1
Low IgA 2
Low IgA and low IgM 1
Low IgA and low IgG1 2
Low IgM and low 1gG3 1
Low IgG and hypocomplementemia 1
Low IgM and hypocomplementemia 1
Only low 1gG2 1
Total humoral aberrations 27(37)
Only hypocomplementemia 1(1)
28 (38)

NCFB: non-cystic fibrosis bronchiectasis, CVID: common variable
immunodeficiency
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Figure 1. Mild and moderate-severe index groups according to
bronchiectasis severity index in patients with non-cystic fibrosis
bronchiectasis and serum IgE levels (p=0.03)
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Figure 2. a, b. The (a) percentages and (b) counts of CD3+, CD4+,
CD8+, CD 19+, and CD16/56+ cells in patients with non-cystic
fibrosis bronchiectasis and healthy controls

fluenzae, Acromobacter, and Klebsiella pneumoniae. There
was no difference between the frequency of Pseudomonas
and other microorganisms between these 2 groups. Moreover,
smoking status, mMRC, frequency of tuberculosis, duration of
disease, exacerbation, and hospitalization rates did not result
in any significant difference according to having humoral ab-
erration/hypocomplementemia or not.

Total IgE levels were higher than 100 IU/L in 27 (37%) pa-
tients. Median total IgE levels were higher in patients in the
moderate-severe BSI index group than in those in the mild
BSI severity index group (83.2 [2-1643] IU/L versus 37.3 [4-
9271 IU/L, respectively, p=0.030) (Figure 1), and the ratio of
patients with high IgE was higher in the moderate-severe BSI
index group than in the mild BSI index group (48% versus
25%, respectively, p=0.056).

Peripheral blood CD3+ T cells, CD3+ CD4+ T helper, CD3+
CD8+ T cytotoxic, CD19+ B cells, CD16/CD56+ NK cell
counts and percentages were determined in 74 patients. In
the whole group, 22% of the patients had low CD3+ T cell
percentage compared with lower limit of age-matched ref-
erence values, 18% of patients with low T helper cell per-
centage, 4% of patients with low T cytotoxic cell percentage,
16% of patients with low B cell percentage, and 9% of pa-
tients with low NK cell percentage. Compared with healthy
individuals, patients with bronchiectasis demonstrated lower
CD3+ T cell count and lower CD4+ T helper cell percentage
and count (p<0.031, p<0.030, p<0.029, respectively) (Figure
2. a, b, and Supplement Table 1). Assessment of neutrophil
oxidative activity with DHR test revealed a normal neutrophil
oxidative burst capacity in all patients with NCFB.

No statistically significant results were obtained when the
correlations were analyzed among immune parameters, BSI,
and duration of disease in patients with NCFB. In this study,
a statistically significant negative but weak correlation was
found between CD16/56+ NK cell count and the number
of exacerbations within the past year (r=-0.264, p=0.023).
Moreover, the percentage of CD16/56+ NK cells and the
number of exacerbations also had a negative weak correla-
tion (r=-0.230, p=0.049).

In this study, we found 3 patients with low complement levels
(Table 3). The levels of a-1 antitrypsin of all the patients were
in normal reference ranges. The C3, C4, and a-1 antitrypsin
values are presented in detail in Table 2.

DISCUSSION

Bronchiectasis still represents a major health concern world-
wide, and post-infectious etiology still remains an important
and frequent cause. Immunodeficiency may make these in-
dividuals more prone to recurrent respiratory infections. We
aimed to determine the frequency of immune aberration in
this patient group by assessing the lymphocyte subsets, im-
munoglobulins, neutrophil oxidative activity, a-1 antitrypsin,
and complement levels as well as demonstrating its relation-
ship with clinical outcomes. We did not find significant cor-
relations between evaluated immunological parameters and
BSI, except for IgE level, which was high in patients with
moderate-severe BSI than in those with mild severity BSI.
The immunoglobulin and complement levels were lower
than normal in 28/74 of the patients, and male sex was more
common than female sex in this immune-aberrant group of
patients. In addition, flow cytometry analyses indicated that
patients with NCFB had decreased CD3+ T cell count and
lower CD4+ T helper cell percentage and count when com-
pared with healthy individuals. Moreover, we found signifi-
cant negative correlations between NK cell count/percentage
and the number of disease exacerbations.

Primary antibody deficiency is the most common type of
PIDD, and the spectrum is broad ranging from severe low
serum immunoglobulins, such as agammaglobulinemia and
CVID to patients with normal serum immunoglobulins re-
flecting selective antibody deficiency or patients with 1gG
subclasses deficiency. To date, limited information has been
reported about the bronchiectasis observed in PIDDs. Touw
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et al. [4] have reviewed 26 studies that included 587 patients
with CVID and found chronic bronchial changes, mostly
bronchiectasis, in up to 73% of the patients. In the United
Kingdom primary immunodeficiency registry, deficiency in
immunoglobulins is found to be a common feature in pa-
tients with bronchiectasis [21]. King PT et al. [11] found only
2 patients with IgG and 3 patients with IgM deficiency in
103 patients with bronchiectasis. Similarly, 3/56 (5%) patients
with bronchiectasis had low IgG levels without any IgA or
IgM deficiency in another study [6]. In our study, there were
5 patients with probable CVID, 2 with low 1gG and IgA levels,
and 3 with low IgG and IgM levels. Selective IgA deficiency
is common in individuals in western populations, and most
of them are asymptomatic. In our study, only 6 patients had
IgA deficiency, and 1 of them had selective IgA deficiency
combined with low IgG level [22, 23]. However, a total of 22
patients with bronchiectasis showed various humoral aber-
rations with or without low complement levels in our study,
which emphasizes the important role of antibodies in the de-
velopment of bronchiectasis.

Previous studies highlighted a correlation between 1gG sub-
class deficiency and the development of bronchiectasis and
reported patients with 1gG subclass deficiency associated
with other immunoglobulin deficiencies and unresponsive-
ness to polysaccharide antigen. In one study, 13/56 patients of
either a single IgG or combined subclasses deficiencies were
reported to have bronchiectasis with predominantly 1gG4 de-
ficiency [6]. Another study involving 65 patients with idio-
pathic bronchiectasis found that 50% of the patients had IgG
subtype deficiency (particularly 18G2), and this was shown
to correlate with insufficient Haemophilus influenza vaccine
antibody response [24]. Similarly, in the study by King et al.
[11] including 103 patients with bronchiectasis, 17 had IgG
subtype deficiency. However, other studies have reported 1gG
subtype deficiencies in adult patients with bronchiectasis
with a wide range of frequencies [6-8, 24-27]. Similarly, in
our study, we found 5 patients (7%) with 1gG subclass defi-
ciency, 2 with low IgM levels combined with low IgG1 and
low IgG3 levels, 2 with low IgA levels combined with 1gG1
level, and 1 patient with low 1gG2 level. Our study confirmed
that there was a higher risk of antibody deficiencies in the
bronchiectasis group and emphasized the detection of im-
munoglobulins and IgG subclass in adult patients with NCFB.

The complement system that represents an important com-
ponent of the innate system and plays a central role in the
host defense was also investigated in patients with NCFB in
this study. Deficiencies in complement functions are known
to cause chronic bacterial infections. Primary complement
system deficiencies are very rare in overall population and
account for almost 2% of the PIDDs, and there are few re-
ports on complement deficiencies in bronchiectasis [28]. In
the study by King et al. [11], complement system deficiency
was not detected in any of the 103 adult patients with NCFB.
Similarly, this study did not show an increased prevalence of
patients with low complement level, only 3 (2 with antibody
deficiencies) of the patients had complement deficiency.
Thus, we hypothesized that complement deficiency does not
play a solo role but requires coexisting immune deficits to aid
the pathogenesis of bronchiectasis in adult patients.

In this study, the disease severity indices, BSI and FACED, did
not demonstrate any significant correlation with antibody de-
ficiencies. We did not find any similar study in the literature
evaluating a correlation between these parameters and the
disease severity indices. However, when the total IgE levels
were categorized as high if 2100 IU/L, the BSI was found to
be higher among patients with high total IgE levels in our
study. In a study of the Danish national registry, it has been
reported that IgE sensitization was associated with a signifi-
cantly higher risk of chronic lower airway infective diseases
[29]. However, no previous study in the literature has inves-
tigated the relationship between BSI and IgE levels. This is a
novel finding and monitoring total IgE levels can be recom-
mended during the follow-up of patients with bronchiectasis
to predict the severity of the disease.

Bronchiectasis is characterized by recurrent airway infection;
however, relatively little is known about the nature of sys-
temic inflammation in bronchiectasis. It is a fact that lym-
phocytes are the main cells mediating the adaptive immune
response, and there have been few studies analyzing lym-
phocyte subsets in these patients. In a study with 103 adult
patients with bronchiectasis, assessment of the lymphocyte
subsets revealed that 7 (7%) patients had CD4+ helper T cell
count below normal range, 2 (2%) had CD8+ cytotoxic T
cell count, and 6 (6%) had B cell count below the normal
range [11]. However, in our study population, the count of
CD3+ T cells and the count and percentage of CD4+ T cells
significantly decreased compared with those of age- and sex-
matched controls. Similar to the study by King et al. [11],
there was no correlation between B cell count and percent-
ages and immunoglobulin levels in this study. Similar to our
findings in patients with CVID, T lymphocyte abnormalities
were present in almost 20% of the patients, and the major-
ity of patients had decreased numbers of CD3, CD4, and
CD8 positive cells (7). In this study, these lymphocyte subset
findings were not significantly related to bronchiectasis dis-
ease severity indices, duration of hospital stay, or coloniza-
tion with P aeruginosa or other microorganisms. However, a
statistically significant negative relation was found between
the count and percentage of cells expressing CD16/CD56
surface markers and the number of exacerbations within the
past year, suggesting that the decrease in CD16/56+ NK cell
percentage increased the number of hospitalizations within
the past 1 year. This finding was not previously reported in
the literature; to the best of our knowledge, our study is the
first one to demonstrate this association.

Although bronchiectasis is characterized by airway neutrophil
inflammation, the role of neutrophil functions in bronchiecta-
sis has not been clearly assessed previously. It was suggested
that a relation might exist between bronchiectasis and im-
paired neutrophil functions [30]. Assessment of the neutro-
phil phagocytosis functions of all the patients in our study
indicated that all patients with NCFB had normal oxidative
capacity levels by DHR. In contrast, in the study by King et al.
[11] including 103 patients with bronchiectasis, DHR levels
were reported to be decreased in 33 patients. Similar to our
study, Pasteur et al. [3] did not find any major changes in neu-
trophil function compared with controls. These controversial
results make it difficult to reach a conclusion.
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The major limitation of our study was its small sample size
and imbalance in the distribution of the sexes as the patients
included in this study were randomly selected from among
those referred to the outpatient clinics at the tertiary center. In
addition, this was a cross-sectional study, and future studies
should evaluate the immune status relative to the long-term
follow-up results. Current literature confirmed that some pa-
tients with normal immunoglobulins have deficiency in spe-
cific antibody production; however, the immune response
after vaccination was not evaluated in our patient group.

In this study, the lymphocyte subtypes indicated that patients
with NCFB had decreased CD3+ T cell count and lower
CD4+ T helper cell percentage and count than healthy indi-
viduals. One-third of the individuals had an abnormality of
immunoglobulin classes (IgA, 1gM, IgG, and 1gG subclasses)
and/or low complement levels. Patients with NCFB, who had
decreased NK cell levels, experienced more frequent disease
exacerbations; patients with elevated total IgE levels had
higher BSI. Our study confirmed the need for a screening
process and/or referring conditions with detailed immune
tests including 1gG subclasses and lymphocyte subset evalu-
ation besides immunoglobulin levels to clinical immunology
divisions for patients diagnosed with NCFB. On the basis of
our findings, we believe that a correlation can be established
by determining the immune status of patients with bronchiec-
tasis as well as the number of exacerbations and their disease
severity. Nevertheless, studies including larger patient popu-
lations are required to further support our conclusions.
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