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Relation between vitamin D deficiency
and Pseudomonas aeruginosa colonization
in patients with bronchiectasis
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Abstract

Background The relationship between vitamin D deficiency and Pseudomonas aeruginosa (P aeruginosa)
colonization in bronchiectasis patients is not well understood.

Methods This study was conducted at Shanghai Pulmonary Hospital from June 2014 to May 2018. Serum
25-hydroxyvitamin D levels were measured in patients with bronchiectasis, and clinical data including sputum culture
results were collected. To investigate the relationship between vitamin D levels and P. aeruginosa colonization, we
conducted correlation analysis and logistic regression. Additionally, in vitro experiments with bone marrow-derived
macrophages (BMDMs) infected with P aeruginosa strain PAOT were performed to further explore the influence of
vitamin D on the bacterial infection and inflammatory response.

Results Among the 195 patients with bronchiectasis, 83.1% (162/195) were vitamin D deficient. A significant
negative correlation was observed between serum vitamin D levels and the BSI (Bronchiectasis Severity Index)
score. Patients with vitamin D deficiency showed higher rates of P aeruginosa colonization compared to those with
adequate vitamin D levels. Female gender and vitamin D deficiency were identified as risk factors for P aeruginosa
colonization in patients with bronchiectasis. Additionally, serum interleukin (IL)-10 levels were significantly elevated
in the vitamin D-deficiency group. In vitro experiments, 1,25-dihydroxyvitamin D [1,25D] was shown to inhibit PAO1
phagocytosis in BMDMs and to suppress IL-1(3 secretion.

Conclusions Vitamin D deficiency was strongly associated with an increased risk of P. aeruginosa colonization in

patients with bronchiectasis. Furthermore, vitamin D demonstrated protective effects by reducing P aeruginosa
survival in cells and modulating the inflammatory dysregulation induced by the bacterium.
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Background

Bronchiectasis is a chronic, irreversible inflammatory
respiratory disease characterized by permanent bron-
chial dilation, often accompanied by symptoms such as
chronic cough, sputum production, and recurrent respi-
ratory infections [1, 2]. The disease follows a prolonged
course with frequent acute exacerbations, leading to
progressive decline in lung function and significantly
impairing patients’ quality of life. This imposes a sub-
stantial physical and psychological burden on patients
[3, 4]. According to Cole’ s vicious cycle model, infec-
tion, inflammation, and airway destruction are key fac-
tors in the pathogenesis of bronchiectasis [5]. Recent
models of the “vicious vortex” also describe the patho-
genesis of bronchiectasis [6]. Impaired mucociliary clear-
ance and airway mucus retention disrupt normal host
defense mechanisms, making the airways more suscep-
tible to infection, which may persist. This, in turn, trig-
gers inflammatory responses, causing airway damage and
abnormal remodeling, ultimately leading to bronchiec-
tasis. Studies have shown that Pseudomonas aeruginosa
(P. aeruginosa) is a dominant bacterial pathogen of bron-
chiectasis and has a high isolation rate in clinical practice
[7, 8]. Our preliminary research has demonstrated that
P aeruginosa is closely linked to the severity and prog-
nosis of bronchiectasis. Once established, colonization
with P aeruginosa is difficult to eradicate, contributing
to repeated exacerbations [9—-11]. Furthermore, multiple
studies in Europe have confirmed that P. aeruginosa colo-
nization significantly heightens the risk of acute exacer-
bations, hospitalizations, and mortality in these patients
8, 12].

Vitamin D, a fat-soluble vitamin, plays a broad bio-
logical role beyond its established functions in mineral
metabolism and bone health. It also regulates immune
and inflammatory responses, particularly in the lungs,
where it modulates alveolar macrophage activity, poten-
tially leading to tissue damage [13-15]. According to a
study by Songlin Yu and colleagues, 55.9% of the Chinese
population is vitamin D deficient [16]. Studies have dem-
onstrated that vitamin D deficiency is closely related to
chronic respiratory diseases such as chronic obstructive
pulmonary disease (COPD), asthma, and cystic fibrosis,
with potential consequences including worsened lung
function, heightened infection risk, and increased rates
of acute exacerbation [17-23]. In addition, vitamin D has
a protective role against respiratory infections such as
tuberculosis, enhancing antimicrobial peptide expression
and inhibiting pathogen invasion [24]. Recent research
has also suggested that vitamin D may provide some pro-
tection against COVID-19 infection [25, 26].

Although the vitamin D status of patients with bron-
chiectasis has been explored, with deficiency being
linked to disease severity [27, 28], there remains a lack
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of research on the relationship between vitamin D levels
and P. aeruginosa colonization in bronchiectasis patients,
as well as the underlying mechanisms of this association.
Therefore, this study aims to investigate the correlation
between vitamin D levels and bacterial colonization,
along with other clinical characteristics in patients with
bronchiectasis, and to further explore the underlying
mechanisms involved.

Methods

Study design

Adults (aged=>18) patients had clinically significant
bronchiectasis confirmed by high-resolution computed
tomography from June 2014 to May 2018 in Shanghai
Pulmonary Hospital were recruited in this study [1]. The
study protocol was approved by the Ethics Committee of
Shanghai Pulmonary Hospital, with the approval num-
ber K15-169. Patients were excluded (1) diseases which
influence the synthesis of vitamin D (i.e. hepatic/renal
dysfunction); (2) allergic bronchopulmonary aspergillo-
sis/ active tuberculosis/non-tuberculous mycobacteria,
poorly controlled asthma, cystic fibrosis, interstitial lung
disease; (3) malignant tumor or immunodeficiency dis-
ease; (4) refused to sign informed consent.

Collect baseline information, comorbidities, course of
disease, admission time, laboratory results (Hemoglobin,
white blood cell (WBC) count, Albumin, C-reactive pro-
tein (CRP), erythrocyte sedimentation rate (ESR), TNF-«
and IL-1p), image examination, lung function, No. of
annual exacerbations, No. of annual hospitalizations.
Vitamin D (25-hydroxyvitamin-D) concentration was
measured by automatic electrochemical luminescence
immunoanalyzer (cobas e411, Roche) according to vita-
min D total kit (Roche Diagnostics, Cat. No. 05894913).

Definitions
Vitamin-D  deficiency was defined as serum
25-hydroxyvitamin-D <20ng/mL and non-deficiency

as 25-hydroxyvitamin-D >20ng/mL [29]. Microbiology
results were obtained from the three most recent cul-
tures; P. aeruginosa colonization was defined as having
two out of the three P aeruginosa cultures positive [30].
Exacerbations were incidental events that had an acute
deterioration in one or more symptoms (increasing spu-
tum volume or purulence, worsening dyspnea, increased
cough, declining lung function or increased fatigue/mal-
aise) or the appearance of new symptoms (fever, pleurisy
or hemoptysis requiring antibiotic treatment) [1].

Severity scoring

Bronchiectasis was assessed using a modified Reiff score,
the number of lobes involved (of a total of six; the lingula
was considered separate) and the degree of dilatation
(tubular =1, varicose=2, and cystic=3) were calculated
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(range,1-18) [31]. The Bronchiectasis Severity Index
(BSI) score consists of nine variables: age, body mass
index, spirometry, previous hospitalization for severe
exacerbations in the preceding 2 years, exacerbation
in the previous year, mMRC dyspnea score, P aerugi-
nosa colonization, colonization with other microorgan-
isms and radiological severity [32]. The possible range of
points is 0 to 26, with a higher score indicating greater
severity of the disease.

Materials and reagents

P. aeruginosa strain PAO1 (ATCC-BAA-47; strain HER-
1018) was purchased from the American Type Culture
Collection. The PAOL1 strain, which had been stored
in glycerol at -80 °C, was taken out and resuspended in
3—4 mL of sterile lysogeny broth (LB) (Sodium chloride,
5 g/L, Sinopharm chemical reagent Co. 10019318; TRYP-
TONE, 10 g/L, OXOID LP0042; YEAST EXTRACT,
5 g/L, OXOID LP0021). The mixture was incubated over-
night (12-16 h) at 37 °C with shaking at 220 rpm. Using
a sterile inoculating loop, the PAO1-containing LB liquid
was streaked onto LB agar (Agar, 15 g/L, Yeasen Bio-
technology (Shanghai) Co. 70101ES76; Sodium chloride,
5 g/L, Sinopharm chemical reagent Co. 10019318; TRYP-
TONE, 10 g/L, OXOID LP0042; YEAST EXTRACT,
5 g/L, OXOID LP0021) plates. The plates were incubated
for 24 h and then sealed with parafilm and stored at 4 °C.
P. aeruginosa Culture and Counting: A single colony of
PAO1 was picked from the streaked LB agar plates and
transferred to 4 mL of LB liquid medium. The culture was
incubated overnight (12-16 h) at 37 °C with shaking at
220 rpm. The next day, 200 pL of the logarithmic-phase
culture was added to 4 mL of fresh LB liquid medium
and incubated for an additional 2 h with shaking. A 1
mL sample of the culture was then transferred to a 1.5
mL EP tube and centrifuged at 8000 rpm for 5 minutes at
4 °C. The supernatant was discarded, and the pellet was
resuspended in 1 mL of Phosphate buffer saline (PBS),
followed by three washes. The culture was then serially
diluted (10%, 103, 10°, 105, 107, and 10%) using PBS, and
100 pL of each dilution was plated onto LB agar plates.
The plates were inverted and incubated at 37 °C for 24 h.
Colonies were counted on plates containing 30—300 col-
onies, and the colony count was calculated as follows:
colony number*10*dilution factor (colony-forming unit
(CFU) /mL)0.1,25-dihydroxyvitamin D [1,25D] (H-107,
Sigma) were from Sigma-Aldrich. Absolute ethanol was
used as the solvent for 1,25D.

Cell culture

Bone marrow-derived macrophages (BMDMs) from mice
were prepared as previously described [33]. Bone mar-
row was extracted from the femur and tibia of 6-8-week-
old female C57BL/6 mice. Mice were purchased from
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SHANGHAI SLAC LABORATORY ANIMAL CO. LTD
and housed in a specific pathogen-free (SPF) facility. For
bone marrow isolation, the animals were euthanized
using cervical dislocation, ensuring a painless procedure
that rendered the animals unconscious and led to death
as quickly as possible. All experimental procedures and
protocols were approved by the Institutional Animal
Care and Use Committee of Tongji University (approval
number TJBE00120101). Cells were centrifuged follow-
ing the removal of erythrocytes and then were differenti-
ated into BMDMs in Dulbecco’s Modified Eagle medium
(DMEM, Cytiva HyClone) supplemented with 10% fetal
bovine serum (FBS) (Atlanta Biologicals, S11150), 30%
L1929 supernatant, 1% antibiotic-antimycotic (Gibco
15240062), and 0.1% [-Mercaptoethanol (Sigma-Aldrich,
M3148). The cell incubator was set to 37 °C with 5% CO2.

Antimicrobial assay

PAO1 were inoculated in 96-well plates, 1x10°
CFU/200puL sterile LB per well. Then incubated with or
without 100nM 1,25D/ethanol for 24 h, and measured
the OD value at wavelength 620 nm in Multiscan Spec-
trum (MD SpectraMax M5). Additionally, CFU assays
were performed to assess PAO1 growth.

CFU assay

BMDMs were inoculated in 12-well plates, 2x10°
cell/500pL culture medium per well, then incubated with
or without 100nM 1,25D/ethanol for 24 h, infected with
PAO1 MOI =10 for 3 h. Prior to cell lysis, the supernatant
was removed. Cultured with antibiotics to remove extra-
cellular bacteria. Gentamicin was used for this purpose.
Then adding 1% Triton-X-100 100 pL/per well to lyse cell
for half an hour, and mixing well to gradient dilution. For
plating, the suspension was spread onto LB agar plates,
which were then inverted and incubated at 37 °C for 24 h.

Cytotoxicity (cell death) assay

BMDMs were inoculated in 96-well plates, 1x10°
cell/100pL per well, with 500ng/mL Lipopolysaccharides
(LPS) pre-treated for 3 h. BMDMs were incubated with
or without 100nM 1,25D/ethanol for 2 h, then infected
with 10 MOI PAOL1 for 3 h. Cell supernatants were col-
lected and analyzed for lactic dehydrogenase (LDH)
using CytoTox 96° Non-Radioactive Cytotoxicity Assay
kit from Promega and used according to the manufac-
turer’s instructions.

Enzyme-linked immunosorbent assay (ELISA)- cytokines
quantifications

BMDMs were inoculated in 96-well plates, 1x10°
cell/100puL per well, with 500ng/mL LPS pre-treated for
3 h. BMDMs were incubated with or without 100nM
1,25D/ethanol for 2 h, then infected with 10 MOI PAO1
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for 3 h. Cell supernatants were collected and analyzed for
secreted interleukin (IL)-1B, TNF-a, IL-6 (eBioscience,
USA) and IL-18 (ABclonal, USA) was detected using
ELISA kits. ELISA kits were used according to the manu-
facturer’s instructions.

Statistical analysis

For clinical experiments, quantitative data with a nor-
mal distributed, were analyzed with the Student’s t-test,
while the Mann—Whitney U-test was applied for data
that were not normally distributed. For qualitative data,
the x* test was used to assess differences. Spearman cor-
relation analysis was used to calculate the correlation
between vitamin D levels and other clinical indicators.
We first performed univariate analysis. Covariates that
were significant (P<0.05) in univariate analysis were then
included in multivariate analysis. A backward stepwise
approach in the multivariate analysis was considered to
keep significant covariates with a cut-point of 0.05. In
vitro data was presented as mean *standard deviation

P=0.038
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based on at least triplicate samples. The Student’s t-test
was used in comparison between two groups. For com-
parisons across more than two groups, ANOVA was
applied to normally distributed variables. Statistical sig-
nificance was set at P<0.05. All the data were analyzed
with SPSS Version 20.0 software, Medcalc Version 15.2.2
software and GraphPad Prism Version 8.0 program.

Results

Characteristics of the patients with bronchiectasis

A total of 223 patients with bronchiectasis were recruited
from June 2014 to May 2018 at Shanghai Pulmonary
Hospital. After applying exclusion criteria, 195 patients
were included in the analysis. Of these, 83.1% (162/195)
were found to have vitamin D deficiency (mean concen-
tration 13.46+3.36 ng/mL), while 16.9% (33/195) were
non-deficient (26.00+5.98ng/mL). The vitamin D defi-
ciency group had a significantly higher rate of P aeru-
ginosa colonization (P=0.038) (Fig. 1) and a greater
number of affected lung segments (P=0.042) compared

E without P. a

Ea P a colonmization

< 20ng/ml

|
2 20ng/ml

Fig. 1 The percentage of P aeruginosa colonization in the vitamin D deficiency group (without P a: N=107; P a colonization: N=55) and the non-defi-
ciency group (without P a: N=28; P a colonization: N=5). The ¥’ test was used to assess differences. Pa, P, aeruginosa
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to the non-deficient group. No significant differences
were observed between the groups in terms of smoking
status, comorbidities, course of disease, annual exacerba-
tions in the previous year, hospitalizations in the previous
year, or lung function parameters (Table 1).

Given that vitamin D synthesis is influenced by ultravi-
olet radiation, and the duration and intensity of sunlight

Table 1 Baseline characteristics of bronchiectasis patients
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vary across seasons [34], we categorized the included
patients based on the season of their visit. Upon analyz-
ing the seasonal distribution of vitamin D concentrations,
the results indicated no significant variation in vitamin D
levels across different seasons (P=0.17) (Fig. 1S).

Covariates Vitamin D deficiency Vitamin D non-deficiency PValue®
(25(0H)D <20ng/ml) (25(0H)D =20ng/ml)
Subjects, n 162(83.1) 33(16.9)
Females 113(69.8) 19(57.6) 0.220
Age, years 61[52,65] 55[40.5,62.5] 0.038
BMI 20.80+3.97 20.61+2.65 0.793
Ex-smoker or current smoking 15(9.3) 7(21.2) 0.067
Comorbidities
Diabetes 9(5.6) 0 0.362
Coronary heart disease 3(1.9) 0 1
Hypertension 24(14.8) 5(15.2) 1
Cerebral infarction 2(1.2) 0 1
Sinusitis 11(6.8) 1(3) 0.695
Etiology
Post-infection 37(22.8) 6(18.2) 0.650
Immune system disease 6(3.7) 0 0.592
GERD 1(0.6) 0 1
Connective tissue disease 6(3.7) 13.0) 1
Course of disease, years 10[5,30] 10[2,30] 0.550
Laboratory results
Hemoglobin, g/L 12521+£15.69 129.79+11.86 0.115
WBC count>10x10° cell 14(8.6) 1(3) 0474
Albumin, g/L 38.35+4.49 39.34+331 0.236
CRP, mg/L 4.2[1.6,14] 5.15[1.675,13.25] 0.770
ESR, mm/h 31.5[15,53.25] 26[17,48.5] 0.747
P. aeruginosa 55(34) 5(15.2) 0.038
Escherichia coli 2(1.2) 0 1
Staphylococcus aureus 2(1.2) 0 1
Lung function
FEV, (%) 60.06+23.52 64.78+18.44 0.310
FVC (%) 69.14+20.38 7435+12.74 0.129
FEV,/FVC (%) 68.70+11.09 70.85+14.63 0.529
Image examination
Type of bronchiectasis
Cylindrical 88(54.3) 14(42.4) 0.212
Cystic 31(19.1) 9(27.3) 0.291
Both of above 43(26.5) 10(30.3) 0.658
No. of affected lung lobes 3[2,5] 3[1.54] 0.269
No. of affected lung segments 8[4,12] 6[3,8] 0.042
Modified Reiff score 42,8] 4[2,8] 0.746
No. of annual exacerbations 201,3] 2(1,3] 0.736
No. of annual hospitalizations 101,2] 101,1] 0.075
BSl score 5[4,9] 4[2.75,6.25] 0.034

N (%) or mean+SD or median [interquartile range]; BMI, body mass index; GERD, gastro esophageal reflux disease; WBC, white blood cell; CRP, C-reactive protein; ESR,
erythrocyte sedimentation rate; FEV1(%), FEV1% predicted (%); FVC (%), FVC percent predicted (%); No. of annual exacerbations and No. of annual hospitalizations

were from the previous year
Values in bold indicate P<0.05
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Negative correlation between BSI score and vitamin D

To further clarify the relationship between vitamin D
levels and disease severity, we analyzed the correlation
between vitamin D and other clinical parameters. Vita-
min D levels were negatively correlated with BSI score
(Fig. 2). Patients with vitamin D deficiency had higher
BSI score compared to non-deficient patients (5 [4,9]
vs. 4 [2.75,6.25], P=0.034). A weak negative correlation
was observed between vitamin D concentration and BSI
score (r = -0.207, P=0.015), indicating that lower vita-
min D levels were associated with greater disease severity
(Fig. 3).
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Vitamin D deficiency as a risk factor for P. aeruginosa
colonization

The colonization of P aeruginosa significantly impacts
disease severity. To further investigate the relationship
between vitamin D levels and P aeruginosa coloniza-
tion, we examined whether vitamin D deficiency serves
as a risk factor for P aeruginosa colonization. We used
univariate logistics analysis to explore the risk factors
for P aeruginosa colonization and found that female sex
(OR (95%CI): 2.791(1.331,5.850), P=0.007) and vitamin
D deficiency (OR (95%CI): 2.879(1.053,7.869), P=0.039)
had statistical significance. Furthermore, multivari-
ate logistic regression analysis revealed that female sex
(OR (95%CI):2.7(1.278,5.703), P=0.009) and vitamin D

S
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Fig. 2 Correlation between vitamin D levels and other clinical indicators. *P < 0.05, **P < 0.01, ***P<0.001 as determined by Spearman correlation analy-
sis. The size of the dots represents the absolute value of the r-value; the scale on the right indicates the r-value, with small values shown in blue, mid-range

values in gray, and large values in red
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20+ r=-0.207, P=0.015
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Fig. 3 The relationship between BSI score and vitamin D levels. (A) The BSI score in the vitamin D deficiency group and the non-deficiency group. The
Mann-Whitney U-test was applied; P=0.034 (B) The relationship between serum 25(0OH)D concentration and BSI score in bronchiectasis patients. Spear-

man correlation analysis was applied; r=-0.207; P=0.015

deficiency (OR (95%CI):2.993(1.086,8.251), P=0.034)
were independent risk factors for P. aeruginosa coloni-
zation. Patients with vitamin D deficiency had a 2.9-fold
higher risk of P aeruginosa colonization compared to
those without deficiency (Fig. 4).

Elevated serum IL-1f levels in vitamin D deficient patients
To further investigate the relationship between vitamin D
levels and inflammatory markers in patients with bron-
chiectasis, we compared the serum levels of key inflam-
matory cytokines TNF-a and IL-1p based on collected
laboratory results. We found no significant difference
in TNF-a concentration between the vitamin D defi-
ciency and non-deficiency groups (27.2(13.33-55.78) vs.
38(24.05-79.85), P=0.054) (Fig. 5A). However, serum
IL-1P levels were significantly higher in the vitamin D
deficiency group (9.90(2.00-59.58) ng/ml) compared
to the non-deficient group (3.00(2.00-11.00) ng/mL,
P=0.047) (Fig. 5B).

1,25D suppresses IL-1f secretion in PAO1-infected BMDMs
Vitamin D deficiency has been associated with increased
IL-1p secretion, leading us to explore whether vitamin
D levels influence P aeruginosa colonization through
modulation of the inflammatory response. Antimicrobial
assay showed that ethanol or 1,25D had no significant
direct inhibitory effect on the proliferation of P aerugi-
nosa within 24 h. Therefore, in subsequent experiments,
1,25D was pre stimulated for 24 h (Fig. 6A, Figure S2).
In vitro experiments with BMDMs revealed that pre-
treatment with 1,25D for 24 h inhibited phagocytosis
of PAOI, as evidenced by the CFU assay. However, this
treatment had no measurable effect on cell death, as indi-
cated by the LDH release assay (Fig. 6B—C). Furthermore,

1,25D significantly reduced the production of IL-1p and
TNF-a in PAOl-infected macrophages, while leaving
IL-18 and IL-6 levels unaffected (Fig. 6D—G). These find-
ings indicate that 1,25D mitigates inflammation during P
aeruginosa infection by regulating IL-1f production.

Discussion

Our study found a negative correlation between BSI
scores and vitamin D levels, with a higher rate of P aeru-
ginosa colonization observed in the vitamin D-deficient
group. Vitamin D deficiency was identified as a signifi-
cant risk factor for P aeruginosa colonization among
patients with bronchiectasis. Additionally, IL-1Bsecretion
was elevated in the vitamin D-deficient group compared
to the non-deficient group. Further, our in vitro experi-
ments demonstrated that 1,25D can modestly inhibit P
aeruginosa phagocytosis in BMDMs and reduce IL-1p
secretion. In summary, these results suggest that vita-
min D supports a balanced immune response, potentially
influencing the intracellular survival of P. aeruginosa and
attenuating excessive P aeruginosa-induced inflamma-
tory responses.

Previous studies have shown that vitamin D has mul-
tiple immunomodulatory effects and that vitamin D defi-
ciency is associated with an increased risk of respiratory
infections [29, 35, 36]. Our study also found a higher inci-
dence of vitamin D deficiency in Chinese patients with
bronchiectasis compared to the study of James D Chalm-
ers, which reported a 50% deficiency rate in bronchiec-
tasis patients [28]. BSI scores were negatively correlated
with vitamin D concentrations, which means that vita-
min D status is related to the severity of bronchiectasis.
The results of the study are consistent with the study of
Chalmers et al. [28], who reported that the prevalence of
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® Female
®  Vitamin D Deficiency

Variables

OR (95%Cl)

P value

Female

2.7(1.278,5.703)

0.009

Vitamin D deficiency

2.993(1.086,8.251)

0.034

Fig. 4 The risk factors associated with P aeruginosa colonization in bronchiectasis patients, Multivariate logistic regression analyses were applied. OR,

odds ratio; Cl, confidence interval

vitamin D deficiency was higher in patients with bronchi-
ectasis than in controls, and these patients had a higher
frequency of exacerbations. Additionally, A case-control
study involving 130 Turkish patients with bronchiectasis
a high prevalence of vitamin D deficiency, which was sig-
nificantly associated with decreased forced vital capacity
[37]. Vitamin D deficiency can reduce phagocytosis of
macrophages [38], which may contribute to severe colo-
nization in bronchiectasis patients. Our study found an
association between vitamin D deficiency and P aeru-
ginosa colonization, which may reflect an aspect of the
overall health status of the patients, rather than solely the
effect of vitamin D levels. Vitamin D deficiency may be
linked to poor disease control and suboptimal nutritional
status, both of which contribute to an increased risk of
infection [39]. Therefore, vitamin D deficiency may serve
as an indicator of poor disease control, rather than being
the sole causal factor.

Importantly, we identified vitamin D deficiency as a
risk factor for P. aeruginosa colonization, consistent with
studies linking vitamin D deficiency and an increased risk
of lung infections. We also examined cytokine secretion
and found elevated levels of IL-1p in vitamin D-deficient

patients. In in vitro experiments, 1,25D treatment mod-
erately inhibited P aeruginosa phagocytosis and reduced
IL-1P secretion in macrophages. Previous studies have
shown that P aeruginosa activates NLRC4 inflamma-
somes through flagella and type III secretion system
(T3SS), leading to caspase-1 activation and downstream
IL-1p and IL-18 signaling [40, 41]. IL-1P plays a key role
in inflammatory infiltration and tissue damage, contrib-
uting to disease exacerbation [42]. For example, Taylor
S. Cohen et al. established that in an acute P. aeruginosa
lung infection mouse model, IL-1p induced inflamma-
tory responses that increased apoptosis and mortality,
while mice lacking the IL-1( receptor showed reduced
lung damage [43]. Studies have confirmed that vitamin
D can inhibit inflammatory responses by downregulat-
ing cytokines and chemokines that promote lung tis-
sue destruction in bronchiectasis [44]. In cystic fibrosis
studies, vitamin D treatment significantly reduced IL-8
levels, a chemokine that attracts neutrophils [45]. Our
findings suggest that vitamin D supplementation could
modulate the inflammatory response by downregulat-
ing pro-inflammatory cytokines such as IL-1B, poten-
tially offering a therapeutic strategy for mitigating P
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aeruginosa-induced lung inflammation in bronchiecta-
sis. Our results utilized multivariate regression analysis,
which revealed that female gender is a risk factor for P
aeruginosa colonization. This finding is consistent with
previous studies, which the proportion of females among
patients with bronchiectasis and P. aeruginosa coloniza-
tion reach 72.6% and 60.1% [46, 47]. This suggests that
gender may play a role in disease severity and coloniza-
tion risk. Therefore, gender should be considered in the
future management and treatment strategies for patients
with bronchiectasis.

Our study has several limitations. First, it was con-
ducted at a single center with inpatients only. In the
future, it will be necessary to collaborate with multiple
hospitals and include outpatients to obtain more com-
prehensive data. Second, our findings show that bron-
chiectasis patients with Vitamin D deficiency exhibit
higher BSI scores, and that Vitamin D deficiency is asso-
ciated with P. aeruginosa colonization. However, no sig-
nificant differences were observed in other components
of the BSI, which suggests that Vitamin D levels may
influence specific aspects of disease severity rather than
providing a broad reflection of overall disease burden.
Further research is necessary to elucidate the precise
role of Vitamin D in bronchiectasis. Additionally, further
investigation is needed to determine whether Vitamin D
supplementation could serve as a potential therapeutic
strategy, which could be validated through in vivo animal
models or human-derived tissues.

In conclusion, we demonstrated that vitamin D defi-
ciency is a significant risk factor for P aeruginosa colo-
nization in bronchiectasis patients, potentially through
the inhibition of IL-1p secretion. Supplementation with
1,25D may offer protective benefits against P aeruginosa
exposure in bronchiectasis patients.
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