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Systemic Immune Dysregulation in Patients
With Bronchiectasis and Chronic Pseudomonas
aeruginosa Infection

To the Director:

Bronchiectasis is a chronic respiratory disease characterized
by abnormal airway dilation, excessive mucus production, and
recurrent respiratory infections [1]. Although the pathogenesis of
bronchiectasis is not fully understood, an abnormal pulmonary
immunity and chronic bronchial infection, particularly with Pseu-
domonas aeruginosa, are central in its pathophysiology and natural
history [2,3]. Both the pulmonary immunity and the bronchial
infection are associated to worse quality of life, exacerbations and
mortality [4-7]. In addition, other studies have suggested that
alterations in patterns of systemic inflammation have also been
related to worse clinical outcomes [8,9]. However, available data
on the peripheral immunity and their relationship with chronic
infection remains limited. Here, we hypothesize that patients with
bronchiectasis, and especially those patients with chronic airway
infection by P. aeruginosa, have an altered peripheral blood immune
profile. Therefore, this study aimed to characterize the systemic
innate and adaptive immune cells of patients with bronchiectasis
and to examine their relationship with chronic bronchial infection
by P. aeruginosa.

This is an observational study with two components: (1) a
cross-sectional analysis comparing sociodemographic, clinical and
peripheral immune profile data, between patients with bronchiec-
tasis vs. healthy controls, and between those bronchiectasis
patients with vs. without chronic P. aeruginosa; and (2) a longitudi-
nal analysis of a subset of patients with bronchiectasis. We included
patients with clinically stable bronchiectasis who attended the
Respiratory Department at Hospital Clinic (Barcelona, Spain) and
Bellvitge Hospital (Hospitalet de Llobregat, Spain) between 2021
and 2023, and healthy controls, who had normal lung function, no
active respiratory, cancer or autoimmune disease, nor immuno-
suppressive treatment. The study was approved by the local Ethics
Committee (HCB/2021/0310) and all participants signed their
informed consent. Bronchiectasis diagnosis and aetiology were
determined following current guidelines [10,11]. Exclusion criteria
were primary immunodeficiency, terminal illness, active malig-
nant disease, human immunodeficiency virus (HIV) or prolonged
use of corticosteroids (>20 mg per day for at least 4 weeks). Dis-
ease severity were determined using the Bronchiectasis Severity
Index (BSI) [12] and the FACED score [13], and chronic bronchial
infection by P. aeruginosa was defined as two or more isolates
at least three months apart in one year [11]. Clinical character-
istics, lung function, microbiological data and peripheral blood
samples were collected in a single visit, 7+ 6 years after diagno-
sis. Fluorescence-activated cell sorting (FACS) was used to profile

https://doi.org/10.1016/j.arbres.2025.10.012

B and T cells (and subpopulations), natural killer (NK) cells, NKT-
like cells, monocytes, neutrophils and eosinophils, as previously
described [14]. Patients were stratified according to the presence
of chronic P. aeruginosa infection. In a subset of patients followed
for 12 months after inclusion, peripheral blood was collected again
for immune phenotyping reassessment. Comparisons between the
study groups were performed using t-test or Mann-Whitney test,
as appropriate, and all analyses were adjusted for age sex.

A total of 45 adults with stable bronchiectasis and 45 age-sex-
matched healthy controls, were included in the study. Table 1
summarizes the demographic and clinic characteristics of the
participants. Chronic P. aeruginosa infection was present in 33%
of patients. Compared to those without infection, these patients
had more severe disease, as reflected by higher BSI and FACED
scores, lower FEV;, more frequent exacerbations, and greater use
of chronic respiratory treatments.

In the immune profiling, compared to controls, patients with
bronchiectasis presented lower percentages of circulating lym-
phocytes (adjusted (adj.) p=0.015) and B cells (adj. p=0.005),
and the cellular ratios, monocyte-to-lymphocyte ratio (MLR)
(adj. p=0.004) and neutrophil-to-lymphocyte ratio (NLR) (adj.
p=0.016) were also altered (Fig. 1A). Additionally, the proportions
of HLA-DR*CD8" (i.e. cytotoxic activated T cells), HLA-DR*CD4"*
(i.e. activated helper T cells) were also lower (adj. p=0.003
and adj. p=0.01, respectively) in patients with bronchiectasis.
Interestingly, within the T CD4* population, the proportion of
HLA-DR* (i.e. activated) T regulatory (T regs) cells, defined as
CD25*CD127-CD4*CD3* T cells, was also lower in bronchiectasis,
compared to healthy controls (adj. p=5.2e—07). Th17 lymphocytes,
defined as CD183-CD196*CD4*CD3* T cells, were decreased in
bronchiectasis (adj. p=9.5e—05) and, accordingly, the peripheral
Th1/Th17 and Th17/Tregs ratios were also altered (adj. p = 0.002 and
adj. p=0.002, respectively) (Fig. 1A). Compared to those without
infection, patients with chronic P. aeruginosa presented higher lev-
els of neutrophils (adj. p=0.021), monocytes CD14"* (adj. p=0.042),
increased MLR (adj. p=0.012) and NLR (adj. p=0.027), along with
a decrease in the proportion of the CD56P"g"tCD16* NK cell sub-
population (adj. p=0.023). Regarding the T lymphocyte subsets,
although patients with chronic P. aeruginosa infection had an
increase in the percentage of HLA-DR* (i.e. activated) Th17 (adj.
p=0.017), they presented an inverted (decreased) Th17/Tregs ratio
(adj. p=0.021) (Fig. 1B).

In a subset of 24 patients with bronchiectasis, blood
immunophenotyping was repeated at 12 months and compared to
baseline values, stratified by the presence of chronic P. aeruginosa
infection. Interestingly, within each group, key immune parameters
and populations, including NLR, MLR, CD56P"ightCD16* NK cell sub-
population and HLA-DR* Th17, remained stable over time. The only
significant longitudinal change observed was a reduction in the
Th17/Treg ratio in the group with chronic P. aeruginosa (p=0.031).
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Table 1

Clinical characteristics of patients with stable bronchiectasis and age-sex-matched controls.
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Health and disease

Bronchiectasis subgroups

Control (n=45) Bronchiectasis (n=45) p value No chronic PA (n=30) Chronic PA (n=15) p value
Age, mean +sd 69.5+5.75 67.2+114 0.220 67.1+10.4 67.3+13.5 0.947
Sex, female, n (%) 30 (66.7%) 29(64.4%) 1.000 19(63.3%) 10(66.7%) 1.000
Smoking status, n (%) 0.343 0.375
Former smoker 21 (50.0%) 20(44.4%) 12(40.0%) 8(53.3%)
Never smoker 14 (33.3%) 21(46.7%) 14(46.7%) 7 (46.7%)
Current smoker 7 (16.7%) 4(8.89%) 4(13.3%) 0(0.00%)
FEV1, % ref., mean + sd 96.8+15.4 7714234 <0.001 84.5+223 62.3+18.6 0.001
Aetiology, n (%) <0.001 0.269
Idiopathic 0(0%) 8(19.5%) 5(17.9%) 3(23.1%)
Postinfectious 0(0%) 30(73.2%) 22(78.6%) 8(61.5%)
Other 0(0%) 3(7.32%) 1(3.57%) 2(15.4%)
Previous-year exacerbations, n (%) <0.001 0.221
>3 ex 0(0%) 11(24.4%) 5(16.7%) 6(40.0%)
1-2 ex 0(0%) 20(44.4%) 14(46.7%) 6(40.0%)
None 0(0%) 14(31.1%) 11(36.7%) 3(20.0%)
FACED, mean + sd NA 2.22(1.48) <0.001 1.67 (1.24) 3.33(1.29) <0.001
FACED groups, n (%) <0.001 0.106
Mild 0(0%) 23(51.1%) 18(60.0%) 5(33.3%)
Moderate 0(0%) 21(46.7%) 12(40.0%) 9(60.0%)
Severe 0(0%) 1(2.22%) 0(0%) 1(6.67%)
BSI, mean £ sd NA 7.47 (4.19) <0.001 547 +2.84 11.5+3.58 <0.001
BSI groups, n (%) <0.001 <0.001
Mild 0(0%) 12(26.7%) 12(40.0%) 0(0.00%)
Moderate 0(0%) 15(33.3%) 12(40.0%) 3(20.0%)
Severe 0(0%) 18(40.0%) 6(20.0%) 12(80.0%)
Hospitalizations™, n (%) <0.001 0.408
Yes 0(0%) 9(22.0%) 5(17.2%) 4(33.3%)
ICS, n (%) <0.001 0.107
Yes 0(0%) 18(40.0%) 9(30.0%) 9(60.0%)
LABA, n (%) <0.001 0.071
Yes 0(0%) 20(44.4%) 10(33.3%) 10(66.7%)
LAMA, n (%) <0.001 0.002
Yes 0(0%) 17(37.8%) 6(20.0%) 11(73.3%)
Long-term macrolides, n (%) <0.001 0.003
Yes 0(0%) 9(20.0%) 2(6.67%) 7(46.7%)
Inhaled antibiotics, n (%) <0.001 0.333
Yes 0 (0%) 1(2.22%) 0(0.00%) 1(6.67%)
Affected lobes, n (%) <0.001 0.520
1 0(0%) 1(2.22%) 1(3.33%) 0(0.00%)
2 0(0%) 11(24.4%) 9(30.0%) 2(13.3%)
3 0(0%) 6(13.3%) 3(10.0%) 3(20.0%)
4-5 0(0%) 27(60.0%) 17(56.7%) 10(66.7%)

FEV;: forced expiratory volume in 1second; FACED: acronym for FEV;, age, chronic colonization, extension and dyspnoea; BSI: Bronchiectasis Severity Index; ICS: inhaled
corticosteroids; LABA: long-acting beta-agonists; LAMA: long-acting muscarinic antagonists; Hospitalizations*: number of hospitalizations due to an exacerbation episode.

Our analysis shows that bronchiectasis is associated with alter-
ations in peripheral immune cells, especially in those patients with
chronic airway infection by P. aeruginosa. Systemic inflammatory
mediators and their association with disease severity have recently
gained attention in bronchiectasis. In line with data reported by
Martinez-Garcia et al. [15], our results not only showed notable dif-
ferences in the NLR and MLR in patients with P. aeruginosa infection,
but also that these differences are disease specific when compared
to age-sex-matched controls. In bronchiectasis, not only innate, but
also adaptive immune cells are altered. Microbial exposure can
have a direct effect on cellular traffic, and on the modulation of
lymphopoiesis leading to lymphopenia [16]. Thus, reduced blood
proportions of activated T cells and B cells have previously been
related to persistent immune activation, inflammation, apoptosis
and immune “exhaustion”, as seen in chronic infections and other
respiratory diseases [14]. In COPD, frequent exacerbators showed

an imbalance favouring pro-inflammatory Th17 cells over regu-
latory T cells, which has been implicated in the pathogenesis of
the disease [17]. Similarly, impaired Tregs functions, accompanied
by an increase Th17 response, associated to neutrophilic inflam-
mation and worse clinical outcomes, has also been observed in
asthma. These findings highlight the importance of T1h7/Tregs
ratio against lung infections [18]. Here, although an altered bal-
ance was observed in patients with bronchiectasis, especially those
with chronic P. aeruginosa infection, the pattern differed from that
described in COPD and asthma, showing lower levels of Th17, but
with an activated phenotype.

These findings may suggest two possible scenarios. The first
one being that a reduction in Th17 cells and the corresponding
relative increase in Tregs can represent a shift in the immune
environment towards a more tolerant state. This altered balance,
together the reduction of peripheral activated T, B cells and the
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Fig.1. Characterization of the peripheral innate and adaptive immune compartment in n =45 clinically stable bronchiectasis patients: (A) compared to n =45 age-sex-matched
healthy controls, adjusted by age and sex: Controls (blue box) vs. Bronchiectasis (pink box) (median [IQR]); (B) categorized by the presence of chronic airway P. aeruginosa
infection (PA), adjusted by age and sex: No PA (green box) vs. PA (lila box) (median [IQR]).

immunoregulatory CD56"8MCD16* NK cell subpopulation may
inhibit inflammatory responses and foster an incomplete reso-
lution of the infection, leading to a susceptible environment for
chronic infections. This tolerant profile can be also seen as a pro-
tective mechanism to avoid an excessive immune response and
further lung damage. Supporting this, a decrease in activated lym-
phocytes, was described in patients with sepsis with fatal outcomes
[19]. Alternatively, another plausible explanation might not con-
sider the reduction of these peripheral immune cells as a sign of
immune depletion, but a consequence of enhanced migration to
the inflamed tissue. This hypothesis is supported by lung biopsy
studies in bronchiectasis which reported increased airway inflam-
mation characterized by CD45* infiltrates, particularly CD4* T cells,
macrophages and neutrophils [20]. To completely understand these
immune mechanisms involved, both lung tissue and blood from the
same individuals should be analyzed. Finally, the baseline immune
profile associated with chronic bronchial infection remained stable
after 12 months. This consistency has been shown in previous IPF
studies, where the immunophenotype associated with a progres-
sive phenotype at diagnosis, persisted over time [14], and suggests
a disease specific effect on blood counts.

To our knowledge, a key strength of this study is the broad
profiling of blood immune cells, an accessible tissue in clini-
cal practice and research, along with the 12-month follow-up to
assess changes over time. The main limitation is the relatively
small, which restricts the ability to prospectively link the periph-
eral immunophenotypes with clinical outcomes (i.e. risk of future
exacerbations). In addition, the effect of treatments such as long-
term macrolides use and/or inhaled antibiotic therapies on the
peripheral immunophenotype should be further explored. More-
over, future studies should focus on the interplay between host
systemic immune populations and a broader microbiome context
in bronchiectasis, in order to better understand their interactions
with different pathogens [21].

In conclusion, we demonstrated that patients with bronchiec-
tasis have an altered systemic immune profile towards a less active
or tolerant phenotype, especially those with chronic bronchial

infection by P. aeruginosa, and that it persists over time. Altogether,
these findings offer new insights into the systemic component
of bronchiectasis and chronic infection, providing potential
biomarkers linked to disease heterogeneity and severity.
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