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Association of blood total immunoglobulin 2
E and eosinophils with radiological features
of bronchiectasis

Jiagi Ren'", Ai Chen'", Jun Wang', Chun Chang', Juan Wang', Lina Sun'" and Yongchang Sun'"

Abstract

Background Our study aimed to investigate whether serum total IgE and blood eosinophils were associated with
radiological features of bronchiectasis in a Chinese cohort.

Methods We retrospectively enrolled bronchiectasis patients who visited Peking University Third Hospital from Jan
15t 2012 to Oct 7™, 2021. The clinical, laboratory and chest CT characteristics were analyzed in association with serum
total IgE level and blood eosinophil count.

Results A total of 125 bronchiectasis patients were enrolled, with 50.4% (63/125) female, and a mean age of
62.4+14.1 years. The median serum total IgE level and blood eosinophil count were 47.7 (19.8, 123.0) KU/L and

140 (90, 230) cells/pl, respectively. In patients with a higher than normal (normal range, 0-60 KU/L) total IgE (43.2%,
n=>54), more lobes were involved [4 (3, 5) vs. 3 (2, 4), p=0.008], and mucus plugs were more common (25.9% vs. 9.9%,
p=0.017) on HRCT, as compared to those with a normal level of total IgE. The higher IgE group was more likely to
have bilateral involvement (p=0.059), and had numerically higher Smith and Bhalla scores, but the differences were
not statistically significant. In patients with an eosinophil count> 150 cells/ul (49.6%, n=62), the number of lobes
involved was greater [4 (3, 5) vs. 3 (2,4), p=0.015], and the Smith and Bhalla scores were higher [9 (5, 12) vs.6 (3, 9),
p=0.009,7 (5, 11) vs.5 (3, 9), p=0.036]. The Smith score was correlated positively with the eosinophil count (r=0.207,
p=0.020). Fractional exhaled nitric oxide (FeNO) was correlated with total IgE (r=0.404, p=0.001) and eosinophil
count (r=0.310, p=0.014).

Conclusions Our study demonstrated that serum total IgE and the blood eosinophil count were associated with the
radiological extent and severity of bronchiectasis, necessitating further investigation on the role of T2 inflammation in
structural abnormalities of this heterogeneous disease.
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Introduction

Bronchiectasis is defined as abnormal dilation of the
bronchi, which typically presents with chronic respira-
tory symptoms including cough, sputum production, and
hemoptysis, resulting in impaired quality of life and lung
function decline [1]. The incidence, prevalence and dis-
ease burden of bronchiectasis are increasing worldwide
[2,3].

Although bronchiectasis is characterized by neutro-
phil-predominant airway inflammation, emerging evi-
dence suggests that inflammation in bronchiectasis is
heterogeneous, with a subpopulation of patients show-
ing features of type 2 inflammatory response, as demon-
strated by higher eosinophil counts and percentages in
blood [4-7], sputum [4, 8, 9] and bronchial biopsies of
airways [10]. Recent studies showed that bronchiectasis
with higher blood eosinophil counts was a different phe-
notype in terms of clinical manifestation, lung function
and mortality [4,5,11].

Blood immunoglobulin E (IgE) was also found to be
higher in some bronchiectasis patients without allergic
bronchopulmonary aspergillosis (ABPA) [12]. One study
found that 37% of the bronchiectasis patients had a total
IgE level higher than 100 IU/L, and the total IgE level was
higher in patients with more severe disease [13].More
interestingly, a high frequency of sensitization to mul-
tiple allergens was also demonstrated in bronchiectasis
patients, and this immuno-allergic subtype was associ-
ated with poorer clinical outcomes including decreased
pulmonary function and more severe disease [14].

Our previous study [15] found that an increased level
of serum total IgE was a risk factor for coexistent bron-
chiectasis, and correlated positively with the extent of
bronchiectasis in patients with chronic obstructive pul-
monary disease (COPD). However, no study has investi-
gated the relationship between serum total IgE level and
the radiological features of bronchiectasis in patients
with non-cystic fibrosis bronchiectasis. Therefore, the
current study aimed to investigate whether serum total
IgE level and blood eosinophil count, both T2 inflamma-
tion biomarkers, were associated with chest HRCT fea-
tures of bronchiectasis, providing evidence for further
investigations on the role of T2 inflammation in airway
destruction of this heterogeneous disease.

Methods

Patients and data collection

We retrospectively enrolled bronchiectasis patients who
visited Peking University Third Hospital from Jan 1st,
2012 to Oct 7th, 2021. The inclusion criteria were as fol-
lows: (1) diagnosis fulfilled the 2021 expert consensus
on the diagnosis and treatment of adult bronchiectasis
in China [16]; (2) age>18 years; (3) chest high-resolu-
tion computed tomography (HRCT), blood routine test,
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serum total IgE, and specific IgE to Aspergillus fumiga-
tus were available; and (4) lung function tests were per-
formed within 6 months before or after the visit. The
exclusion criteria were as follows: (1) patients who had a
diagnosis of asthma based on the referred history of the
patients or fullfilled the criteria of ABPA [17]; (2) preg-
nancy; (3) on chemotherapy for malignancy; and (4)
congenital or acquired immunodeficiency (Supplemen-
tary Fig. 1). The study and the exemption from informed
consent were both approved by the Clinical Research
Ethics Committees of Peking University Third Hospital
(M2021428). Patient data confidentiality was in compli-
ance with the Declaration of Helsinki. The bronchiectasis
cases were identified and reviewed from the electronic
medical record system of the hospital. The clinical data
included demographics, smoking history, the number
of cigarettes smoked, and respiratory symptoms (cough,
sputum, hemoptysis, dyspnea), and the number of exac-
erbations in the previous year [18]. The severity of bron-
chiectasis was evaluated based on the BSI score [19] and
the E-FACED score [20]. The laboratory data included
white blood cell count (WBC) and differentials, hemo-
globin (HB), serum total IgE, and specific IgE to Asper-
gillus fumigatus. The normal range of total IgE was 0—-60
KU/L (Phadia, Thermo Fisher Scientific, Uppsala, Swe-
den), and a positive specific IgE to Aspergillus fumigatus
was defined as more than 0.35 KU/L (Phadia, Thermo
Fisher Scientific, Uppsala, Sweden). Spontaneous sputum
samples were obtained in the early morning and sent for
microbiology test within 2 h. A positive sputum culture
was defined as the isolation of pathogenic bacteria while
contamination was excluded.

Lung function was measured post-bronchodilator
(after reversibility test) as forced expiratory volume in
first second in percent predicted values (FEV;% pred),
FEV, /forced vital capacity (FEV,/FVC), and residual vol-
ume/total lung volume (RV/TLC). In a subpopulation
of patients, fractional exhaled nitric oxide (FeNO) was
measured (NIOX VERO°®, CIRCASSIA, Uppsala, Swe-
den). The patients avoided active or passive smoking and
strenuous exercise 12 h before the test, and avoided caf-
feinated drinks and nitrogen rich food 2 h before the test.
FeNO was performed before lung function test and 12 h
before blood sample procurement.

Evaluation of chest HRCT

For the evaluation of bronchiectasis, the Fleischner Soci-
ety’s criteria [21] were used, and traction bronchiectasis
related to pulmonary fibrosis was excluded. The degree
of bronchiectasis in each lobe was scored according to
the scoring system proposed by Smith [22]: no bron-
chiectasis was scored 0, 25% scored 1, 25-49% scored 2,
50-74% scored 3, and above 75% scored 4, with a total
score ranging from O to 24. Patients with a score of 1
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were considered normal because mild bronchiectasis in
only one lobe may be seen in a significant proportion of
healthy people. The severity of bronchiectasis in each
lobe was graded by the Bhalla score [23]: 0, no involve-
ment; 1, mild, luminal diameter slightly greater than
diameter of adjacent blood vessel; 2, moderate, lumen
2-3 times the diameter of adjacent vessel; and 3, severe,
lumen>3 times the diameter of adjacent vessel, result-
ing in a total score ranged from 0 to 18. According to the
morphological characteristics, bronchiectasis was clas-
sified into three types: cylindrical, cystic or mixed (both
cylindrical and cystic). A mucus plug was identified as
areas of opacification within the airway lumen with less
radio-density than adjacent blood vessels [24]. Two pul-
monary physicians evaluated the CT scan for bronchi-
ectasis without knowing the patient’s clinical data. They
independently completed the assessment, and differences
in readings were resolved through their final consensus.

Statistical analysis

All data were analyzed using SPSS (version 26.0, IBM,
USA). Normally distributed data were presented as
meantSD and compared by Student’s t test. Data not
distributed normally were expressed as median (inter-
quartile range, IQR), and differences were tested by the
Mann-Whitney U test. The chi-square test was used
to compare categorical data and percentages between
groups. The Spearman correlation method was used for
the correlation test. A P value <0.05 was considered to be
statistically significant.

Results

Demographics and clinical characteristics of the patients

A total of 125 patients diagnosed with bronchiecta-
sis were included for analysis in the study. As shown
in Table 1, there was a comparable number of males
(63, 50.4%) and females (62, 49.6%), with a mean age of
62.37%14.11 years. Former or current smokers accounted
for 25.44% (36/124) of the patients.

The symptom of cough, sputum production, hemop-
tysis, and dyspnea was reported in 96.0%, 94.4%, 33.6%,
and 44.0% of the patients, respectively. Annual exacer-
bations of bronchiectasis in the past year were 1.0 (1.0,
2.0). The median percentage and count of blood eosino-
phils were 2.20 (1.40, 3.60) % and 140 (90, 230) cells/pl,
respectively. The median serum total IgE level was 47.7
(19.8, 123.0) KU/L, and 43.2% (54/125) of the patients
had a higher than normal level of total IgE (normal range,
0-60KU/L). However, the percentage of patients who had
a positive specific IgE to Aspergillus fumigatus was low,
2.4% (3/125) in all patients and 5.6% (3/54) in those with
a higher total IgE, as shown in Fig. 1.

Regarding the radiological features of bronchiectasis on
HRCT, 87.2% (109/125) of patients had involvement of at
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least two lobes, with a median number of lobes involved
of 4 (2, 5), and 68.8% (86/125) had bilateral disease. The
median scores of Smith and Bhalla were 7 (4, 11) and 6
(3, 10), respectively. The bronchiectasis was cylindrical
in 30.4% (38/125) of the patients, and cystic or mixed
in 69.6% (87/125). Mucus plugs were found in 16.8%
(21/125) of the patients.

Postbronchodilator FEV1%pred, FEV1/FVC, and RV/
TLC were 73.0 (49.4, 86.7) %, 71.0 (56.7, 77.3) %, and
50.3112.92%, respectively, with 43.2% (54/125) of the
patients having obstructive ventilation dysfunction. The
BSI score and the E-FACED score were 9.0 (7.0, 13.0) and
2.0 (1.0, 4.0), respectively.

Comparison of radiological features of bronchiectasis
according to levels of total IgE

We divided the patients into two groups based on the
level of total IgE, a higher than normal group (>60KU/L),
and a normal group. In the higher IgE group, the median
number of lobe involvement was greater [4 (3, 5) vs. 3 (2,
4), p=0.008], and the percentage of patients with lobes
involved >3 was higher (81.5% vs. 60.6%, p=0.012). Bilat-
eral involvement tended to be more common (77.8%
vs. 62.0%, p=0.059) in the higher IgE group, which also
showed numerically higher Smith and Bhalla scores, but
the differences were not statistically significant. There
was no difference in the types (cylindrical or cystic) of
bronchiectasis between the two groups, but mucus plugs
were more common in the higher IgE group (25.9% vs.
9.9%, p=0.017), shown in Table 2.

Comparison of radiological features of bronchiectasis
according to blood eosinophil counts

The patients were then divided into two groups based on
the blood eosinophil count: those>150 cells/ul and <150
cells/ul, which resulted in an approximately equal num-
ber of patients in each group (49.6% vs. 50.4%). In the
higher eosinophil group, the number of lobes involved
was greater [4 (3, 5) vs. 3 (2, 4), p=0.015], and both
the Smith score [9 (5, 12) vs. 6 (3, 9), p=0.009] and the
Bhalla score [7 (5, 11) vs. 5 (3, 9), p=0.036], were higher,
as shown in Table 3. We also grouped the patients by the
cut-off value of blood eosinophil count as 300 cells/uL,
and the results showed a similar trend (see Supplemen-
tary Table 1). It was interesting to note that the eosino-
phil count was correlated positively, although weakly, to
the Smith score (r=0.207, p=0.020), and the Bhalla score,
(r=0.174, p=0.054), as shown in Fig. 2.

Association of FeNO with blood total IgE and eosinophils

In 63 bronchiectasis patients who received FeNO mea-
surement, the median level of FeNO was 20 (11, 28)
ppb, and 39.7% (25/63) were above 25 ppb. The level of
FeNO was well correlated with blood total IgE (r=0.404,
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Table 1 Demographics and clinical characteristics of the patients
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Total (n=125)

Male/Female

Age (mean+SD, years)

BMI (mean=+SD, kg/m2)
Ever-smoker (n, %)

Smoking Index (median, IQR)
Respiratory symptoms (n, %)
Cough

Sputum

Hemoptysis

Dyspnea

Annual exacerbations (median, IQR)
Blood test

WBC (10%/1, median, IQR)

HB (g/I, median, IQR)
Neutrophil (10%/l, median, IQR)
Eosinophil (%, median, IQR)
Eosinophil (cell/ul, median, IQOR)
Total IgE (KU/L, median, IQR)

Specific IgE to Aspergillus fumigatus (n, %)

Sputum culture
Isolation of any pathogenic bacteria
Isolation of Pseudomonas aeruginosa

Chest HRCT
Number of lobes involved (median, IQR)

>3 lobes involved (n, %)
Bilateral involvement(n, %)
Lobes involved (n, %)
Upper lobes
Middle/ lingula lobe
Lower lobes
Smith score(median, IQR)
Bhalla score(median, IQR)
Bronchiectasis type (n, %)
Cylindrical
Cystic and/or mixed
Mucus plugs
Lung function (n=125)
FEV,% predicted (%, median, IQR)
FEV,/FVC (%, median, IQR)
RV/TLC (mean+£SD, years)

Treatment

ICS+LABA

LABA+LAMA
Long-term(> 2 wk)macrolides*
BSI score (median, IQR)

0-4

5-8

>9

E-FACED score (median, IQR)
0-3

4-6

7-9

62/63
62371411
22.80+3.136
36/124, 25.44%
560 (270, 800)

120/125, 96.0%
118/125, 94.4%
42/125,33.6%
55/125,44.0%
1.0(1.0,2.0)

6.40 (5.13,7.84)
132.3£18.07
4.01 (3.00, 5.02)
2.20(1.40, 3.60)
140 (90, 230)
47.7(19.8,123.0)
3/125,2.4%
89/125,72.2%
22/89,24.7%
15/22,68.2%

4(2,5)
87/125,69.6%
86/125, 68.8%

76/125, 60.8%
103/125, 82.4%
117/125,93.6%
74,11
6(3,10)

38/125,30.4%
87/125,69.6%
21/125,16.8%

73.0 (494, 86.7)
71.0(56.7,77.3)
50.3+£12.92

10/125, 8%
2/125,1.6%
3/125,2.4%
9.0(7.0,13.0)
16/89, 18.0%
25/89, 28.1%
48/89, 53.9%
2.0(1.0,4.0)
53/89, 59.6%
31/89, 34.8%
5/89, 5.6%

BMI: body mass index; WBC: white blood count; HB: hemoglobin; HRCT: high resolution computerized tomography; FEV,: forced expiratory volume in first second;
FVC:forced vital capacity; RV: residual volume; TLC: total lung capacity; ICS: inhaled corticosteroids; LABA: long-acting beta- agonists; LAMA: long-acting muscarinic
antagonists; BSI: bronchiectasis severity index; E-FACED: exacerbations, FEV,% pred, age, chronic colonisation by Pseudomonas aeruginosa, radiological extension
and dyspnea
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N=125

Total IgE>60KU/L

Specific Igl: to X
Aspergillus fumigatus

27 2 .
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Eosinophil count
>150 cells/ul

29 32

Total IgE < 60KU/L and eosinophil count <<150cells/ul, n=39

Fig. 1 Venn Diagram of serum Total IgE, blood eosinophil count and specific IgE to Aspergillus fumigatus in all the patients

p=0.001) and eosinophil count (r=0.310, p=0.014), as
shown in Fig. 3.

Discussion

In this cohort of 125 patients with bronchiectasis not
concurrent with clinical asthma or ABPA, 56.8% had
higher than normal levels of serum total IgE, and 49.6%
had blood eosinophil counts=150 cells /ul. Both higher
IgE levels and higher eosinophil counts were associ-
ated with more extensive or more severe bronchiectasis
on HRCT, suggesting that T2 inflammation may play an
active part in airway damage and remodeling character-
istic of this heterogeneous disease. Consistent with previ-
ous studies [8], in our cohort, both the blood eosinophil
count and the serum IgE level were correlated positively
with FeNO, a surrogate of airway eosinophilic inflamma-
tion and of the T2 endotype [25].

Airway inflammation in bronchiectasis has been his-
torically recognized as neutrophilic in nature, however,
recent studies also revealed a T2 endotype of the disease,
as manifested by higher blood and/or sputum eosino-
phil counts, increased serum total IgE, higher FeNO,
and allergy to various antigens [4, 11, 12]. In recent
years, novel biomarkers, such as those related to IL-5,
IL-33 [26] and COL4A3 [27] are emerging, but their

expressions and potential roles in bronchiectasis still
await investigation.

As early as 2008, King et al. reported 4 cases of idio-
pathic bronchiectasis with elevated serum IgE, all hav-
ing multi-lobar disease (mean number of lobes involved
3, range 2-4) [12], indicating a role of T2 inflamma-
tion in extensive airway destruction in bronchiectasis.
Up till now, few studies have examined the potential
mechanisms by which T2 inflammation participates in
bronchiectasis. ABPA is an extreme example of a cause
of bronchiectasis that is primarily eosinophilic. Eosino-
phils also have been described as key players in Aspergil-
lus fumigatus lung infection [28]. It is interesting to note
that both Aspergillus sensitization and infection tend to
have multi-lobe involvement [29]. Another example is
nontuberculous mycobacteria (NTM) infection. Bron-
chiectasis patients with positive NTM were more likely
to have diffusely dilated airways [30]. It was found in a
UK study that infection of NTM, especially that of Myco-
bacterium avium-intracellular complex, was associated
with T2 immune responses [31].A recent retrospective
study showed that Staphylococcus aureus (S. aureus) in
the lower airway may indicate an allergic predisposition
with staphylococcal enterotoxin sensitization and blood
eosinophilia in bronchiectasis [32], and another previ-
ous study showed that a higher number of affected lobes
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Table 2 Demographic, clinical, laboratory and radiological features according to blood total IgE level

Total IgE <60 (KU/L) Total IgE>60(KU/L) P
value

No. Patients (total n=125) n=71,56.8% n=54,43.2%

Male/Female 38/33 24/30 0.315

Age (mean=SD, years) 61.30+15.37 63.78+12.25 0317

BMI (mean +SD, kg/mz) 21.88+3.064 23.95+2.854 0.000

Ever-smoker (n, %) 18/70,27.91% 17/54,22.9% 0.593
Smoking Index (median, IQR) 760 (300, 800) 50 (150, 600) 0.215

Respiratory symptoms (n, %)

Cough 70/71, 98.6% 50/54,92.6% 0.090
Sputum 67/71,94.4% 51/54,94.4% 0.985
Hemoptysis 25/71,35.2% 17/54,31.5% 0.662
Dyspnea 31/71,43.7% 24/54, 44 4% 0.930

Annual exacerbations (median, IQR) 1.0(1.0,2.0) 1.0(1.0,2.0) 0913

Blood test
WBC (10%I, median, IQR) 6.06 (5.05, 7.59) 6.74 (5.30, 7.96) 0.347
HB (g/I, median, IQR) 132.7+£1861 131.9+£1748 0.799
Neutrophil (10%/1, median, IQR) 3.77 (2.98,4.78) 424 (3.07,5.38) 0.300
Eosinophil (%, median, IQR) 2.20(1.40, 3.20) 2.50(1.40, 5.20) 0.205
Eosinophil (cell/ul, median, IQR) 130 (80, 210) 170 (100, 300) 0.137
Positive specific IgE to Aspergillus fumigatus (n, %) 0/71,0% 3/54,5.6% 0.044

Sputum culture
Negative 38/53,71.7% 29/36, 80.6% 0.654
Isolation of Pseudomonas aeruginosa 10/53, 18.9% 5/36,13.9%

Isolation of other bacteria® 5/53,9.4% 2/36,5.6%

Chest HRCT
Number of lobes involved (median, IQR) 32,4 4(3,5) 0.008
>3 |obes involved (n, %) 43/71,60.6% 44/54,81.5% 0.012
Bilateral involved (n, %) 44/71,62.0% 42/54,77.8% 0.059
Lobes involved (n, %)

Upper lobes 40/71,56.3% 36/54,66.7% 0.241
Middle/ lingula lobe 57/71,80.3% 46/54,85.2% 0476
Lower lobes 65/71,91.5% 52/54,96.3% 0.283
Smith score (median, IQR) 6(3,11) 7(4,11) 0.552
Bhalla score (median, IQR) 6(3,9) 7 (4,10) 0.128
Bronchiectasis type (n, %)
Cylindrical 21/71,29.6% 17/54,31.5% 0819
Cystic and/or mixed 50/71,70.4% 37/54,68.5%
Mucus plugs 7/71,9.9% 14/54, 25.9% 0.017

Lung function
FEV,% predicted (%, median, IQR) 68.0 (40.4, 83.0) 79.0 (64.0,93.5) 0.017
FEV,/FVC (%, median, IQR) 67.3(51.0,77.0) 71.9 (66.0,79.0) 0.149
RV/TLC (mean +SD, years) 503+1344 502+12.32 0.965

BSI score (median, IQR) 9.0 (6.5,13.0) 9.0(8.0,12.8) 0.983
0-4 10/53, 18.9% 6/36,16.7% 0.903
5-8 14/53, 26.4% 11/36, 30.6%
>9 29/53,54.7% 19/36,52.8%

E-FACED score (median, IQR) 3.0(1.0,4.0) 2.0(2.0,4.0) 0.889
0-3 32/53,60.4% 21/36,58.3% 0.978
4-6 18/53,34.0% 13/36,36.1%

7-9 3/53,5.7% 2/36,5.6%

BMI: Body Mass Index; WBC: white blood count; HB: hemoglobin; HRCT: high resolution computerized tomography; FEV,: forced expiratory volume in first second;
FVC: forced vital capacity; RV: residual volume; TLC: total lung capacity; BSI: bronchiectasis severity index; E-FACED: exacerbations, FEV1% pred, age, chronic
colonisation by Pseudomonas aeruginosa, radiological extension and dyspnea.; Bold: P values<<0.05. & Haemophilus influenza, Klebsiella pneumonia, Klebsiella
ozaenae, etc.



Ren et al. BMC Pulmonary Medicine

Table 3 Demographic, clinical, laboratory and radiological features according to blood eosinophil counts
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Eosinophil<150 cell/ul  Eosinophil =150 cell/ul P
value
No. patients (total n=125) n=63,50.4% n=62,49.6%
Male/Female 1:1.25 (28:35) 1.30:1 (35:27) 0.179
Age (mean=SD, years) 62.44+14.269 62.29+14.06 0.952
BMI (mean =+ SD, kg/m2) 22.62+3.286 22.98+3.00 0.530
Ever-smoker (n, %) 15/62, 24.2% 21/62,33.9% 0.301
Smoking Index (median, IQR) 600 (240, 800) 500 (300, 760) 0.359
Respiratory symptoms (n, %)
Cough 61/63,96.8% 59/62,95.2% 0.635
Sputum 62/63,98.4% 56/62,90.3% 0.049
Hemoptysis 23/63,36.5% 19/62,30.6% 0.488
Dyspnea 23/63,36.5% 32/62,51.6% 0.089
Annual exacerbations (median, IQR) 1.0(1.0,2.0) 1.0(1.0,2.0) 0.108
Blood test
WBC (10%I, median, IQR) 6.40 (4.94,7.89) 647 (5.33,7.84) 0.799
HB (g/I, median, IQR) 1320+£16.12 132.7+£19.98 0.831
Neutrophil (10%/1, median, IQR) 401 (3.01,5.06) 402 (2.98,5.00) 0.855
Total IgE (KU/L, median, IQR) 40.7 (16.5,106.0) 57.9(22.6,153.0) 0.325
Total IgE>60KU/L (n, %) 24/63,38.1% 30/62,48.4% 0.245
Positive specific IgE to Aspergillus fumigatus (n, %) 2/62,3.2% 1/62,1.6% 0.568
Sputum culture
Negative 35/47,74.5% 32/42,76.2% 0.760
Isolation of Pseudomonas aeruginosa 9/47,19.1% 6/42,14.3%
Isolation of other bacteria® 3/47,6.4% 4/42,9.5%
Chest HRCT
Number of lobes involved (n, %) 3(2,4) 4(3,5) 0.015
>3 |obes involved (n, %) 39/63,61.9% 48/62,774% 0.059
Bilateral involvement (n, %) 39/63,61.9% 47/62,75.8% 0.093
Lobes involved (n, %)
Upper lobes 35/63,55.6% 41/62,66.1% 0.226
Middle/ lingula lobe 48/63,76.2% 55/62,88.7% 0.066
Lower lobes 58/63,92.1% 59/62,95.2% 0479
Smith score (median, IQR) 6(3,9) 9(5,12) 0.009
Bhalla score (median, IQR) 53,9 7(511) 0.036
Bronchiectasis type (n, %)
Cylindrical 22/63,34.9% 16/62,25.8% 0.268
Cystic and/or mixed 41/63,65.1% 46/62,74.2%
Mucus plugs 13/63, 20.6% 8/62,12.9% 0.248
Lung function
FEV1% predicted (%, median, IQR) 73.0 (48.0, 85.1) 74.6 (50.6, 87.0) 0.608
FEV1/FVC (%, median, IQR) 71.0(55.2,785) 71.3(59.0,77.2) 0.801
RV/TLC (mean +SD, years) 50.0+13.87 50.6+11.99 0.807
BSI score (median, IQR) 9.0(7.0,13.0) 9.0(6.8,12.3) 0.931
0-4 9/47,19.1% 7/42,16.7% 0.848
5-8 14/47,29.8% 11/42,26.2%
>9 24/47,51.1% 24/42,57.1%
E-FACED score (median, IQR) 2.0(1.0,4.0) 3.0(2.0,4.0) 0.491
0-3 29/47,61.7% 24/42,57.1% 0.809

4-6
7-9

15/47,31.9%
3/47,6.4%

16/42,38.1%
2/42,4.8%

BMI:Body Mass Index; WBC: white blood count; HB: hemoglobin; HRCT: high resolution computerized tomography; FEV,: forced expiratory volume in first second; FVC:
forced vital capacity; RV: residual volume; TLC: total lung capacity; BSI: bronchiectasis severity index; E-FACED: exacerbations FEV,% pred, age, chronic colonisation
by Pseudomonas aeruginosa, radiological extension and dyspnea; Bold: P values<0.05; 5: Haemophilus influenza, Klebsiella pneumonia, Klebsiella ozaenae, etc.
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Fig. 2 Relationship between eosinophil count and radiological features of bronchiectasis (A. Smith score; B. Bhalla score)
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Fig. 3 Association of FeNO with Log10 (Total IgE) (A) and eosinophil count (B)

(OR: 1.53; 95% CI: 1.2-1.95; p<0.001) was independently
associated with chronic bronchial infection due to S.
aureus in patients with bronchiectasis [33]. The relation-
ship between Pseudomonas aeruginosa and T2 inflamma-
tion is ambiguous. For example, there was no differences
in Pseudomonas aeruginosa infection or colonization
between the T2 and non-T2 groups in a cohort study
from the Spanish Online Bronchiectasis Registry [5]. And
the evidence of the relationship between Pseudomonas
aeruginosa and blood eosinophilia was inconsistent in a
European multicohort study [4]. There was no difference
in microbiome profiles (mainly bacteriologic features)
between the two groups of higher and lower eosinophils
or higher and normal IgE groups in our study. Perhaps
there may be interesting results when the sample size is
expanded in future studies.

It is well known that the basic granules of eosinophils
contain major basic protein (MBP), while the matrix
contains eosinophil cationic protein (ECP), eosinophil
derived neurotoxin (EDN), and eosinophil peroxidase
(EPO). ECP and MBP are mediators of potent antibacte-
rial and antiparasitic activities [34]. We speculated that
the increase of eosinophils in bronchiectasis is not only a
manifestation of allergy, but also a response to infection.
In an earlier study by Gaga et al. [10] the number of EG2+

(activated) eosinophils in bronchial mucus of post-infec-
tive bronchiectasis patients were increased compared to
healthy controls matched for atopic status. In keeping
with this, low eosinophil counts (<100 cells/ul) increased
the risk of pneumonia in COPD patients with bronchial
colonization, particularly in those receiving treatment
with inhaled corticosteroids [35].

We found no significant differences in FEV1% and
FEV1/EVC between the two groups of higher and lower
eosinophils in our study, which was consistent with
some previous reports. The recent study of 5 European
cohorts showed no difference in FEV1% between groups
according to blood eosinophil counts [4]. However, a
multicenter, prospective observational study from Spain
showed better lung function in bronchiectasis patients
with high blood eosinophil counts [5]. It is also intrigu-
ing to note that, patients with elevated serum total IgE
levels had a higher FEV1% than those with normal IgE
levels in our cohort. There was a well-known association
between disease extent in HRCT and decreased FEV1 in
subjects with bronchiectasis [22, 36, 37]. We also found
this inverse correlation between the Smith score or the
Bella score and FEV1% in the present study, as shown in
supplementary Fig. 2. Although the underlying patho-
physiology that may account for these findings remains
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obscure, it is possible that T2 inflammation or allergy
is not a precipitating factor for lung function decline in
bronchiectasis.

There is not enough evidence to clarify T2 inflamma-
tion and the disease severity of bronchiectasis. A multi-
center cohort study showed that bronchiectasis patients
with sensitization to three or more allergens had the
highest BSI score [14]; In contrast, the European multi-
cohort study reported that bronchiectasis patients with
lower blood eosinophil counts (<100 cells/ul) had the
highest BSI scores (p<0.0001). There was no signifi-
cant difference in BSI or E -FACED scores between the
T2 and non-T2 groups (both eosinophil counts and IgE)
in the present study. It was speculated that the BSI and
E-FACED scores involved multiple aspects of evaluat-
ing the severity of bronchiectasis, such as, imaging and
lung function. The role of T2 inflammation in the patho-
genesis of bronchiectasis is complex, being associated
with poorer imaging scores and better lung function.
These opposing effects may be offset when the BSI and
E-FACED scores were evaluated. Therefore, the hetero-
geneity in impacts of T2 inflammation on severity of
bronchiectasis may lead to the different results about the
BSI and E-FACED scores in different studies.

However, there were several studies which demon-
strated the response to biological treatments in bronchi-
ectasis patients with the T2 endotype. Two real-world
studies indicated that IL-5 antagonists were effective in
reducing oral corticosteroids and improving respiratory
function in patients with coexistent bronchiectasis and
severe eosinophilic asthma [38, 39]. In a cross-sectional
study, five patients with severe eosinophilic asthma and
concomitant bronchiectasis accepted treatment with
either mepolizumab or benralizumab which significantly
reduced the exacerbation rate [11]. In a German single
center retrospective study, patients with clinically signifi-
cant bronchiectasis with an eosinophilic inflammatory
endotype, which failed to respond to standard bronchiec-
tasis treatments, were treated with add-on mepolizumab
or benralizumab, resulting in a significant reduction of
blood eosinophils as well as a significant improvement
in FEV1, symptom burden and quality of life [40]. There-
fore, there is an urgent need to perform randomized
controlled trials on biological treatments targeting the
T2-high endotype in bronchiectasis patients.

One of the strengths of this study was that our work
revealed, for the first time to our knowledge, the distri-
bution of blood eosinophil counts and serum total IgE
levels in a well-characterized cohort of patients with
bronchiectasis excluding clinical asthma and ABPA. But
our study also had several limitations. Considering that
IgE was not a routine test for bronchiectasis in clini-
cal practice, patients receiving IgE measurement might
have clinical indications, such as history of allergy or
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frequent exacerbations, which might lead to selection
bias, although clinical asthma was carefully excluded
from our analysis. We did not evaluate the number of
airway eosinophils, although a relationship between
blood and sputum eosinophil counts in bronchiectasis
had been demonstrated in 2 European cohorts [4], and
blood eosinophilia is an accepted surrogate of airway
eosinophilia in several chronic respiratory diseases [4, 41,
42]. Furthermore, we confirmed the correlation between
blood eosinophil counts and serum IgE levels and FeNO
in the present study. In our study, the results of sputum
bacterial culture were limited, which made it impossible
to look at the association between bacteriological data
and IgE or eosinophils. Because of the retrospective and
cross-sectional nature of the study, the patient’s comor-
bidities, radioallergosorbent / prick tests, and other T2
inflammation biomarkers, as well as the longitudinal
changes of esonophils and IgE levels were not available.
Finally, the diagnosis of asthma, one of the exclusion
criteria of our cohort, was a clinical diagnosis from the
doctors, not confirmed by reversible airway obstruction.
In fact, it is difficult to determine whether variability in
FEV, in an obstructive disease like bronchiectasis is a
marker of asthma (or asthmatic trait) or not.

Conclusion

In conclusion, our study revealed an association of blood
eosinophil counts and total IgE levels with the radiologi-
cal severity of bronchiectasis, suggesting that T2 inflam-
mation may participate in airway structural destruction
in bronchiectasis, which warrants further clinical and
experimental investigation.

Abbreviations

ABPA Allergic bronchopulmonary aspergillosis
COPD Chronic obstructive pulmonary disease
ECP Eosinophil cationic protein

EDN Eosinophil derived neurotoxin

EPO Eosinophil peroxidase

FEV,%pred  Forced expiratory volume in the first second in percent

predicted values

FEV,/FVC Forced expiratory volume in the first second/forced vital
capacity

FeNO Fractional exhaled nitric oxide

HB Hemoglobin

HRCT High-resolution computed tomography

IgE Immunoglobulin E

IQR Interquartile range

MBP Major basic protein

NTM Nontuberculous mycobacteria

RV/TLC Residual volume/total lung volume

WBC White blood cell

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512890-023-02607-0.

Additional Files 1. Flowchart of the enrollment of patients.

Additional Files 2. Relationship between FEV1%pred and radiological



https://doi.org/10.1186/s12890-023-02607-0
https://doi.org/10.1186/s12890-023-02607-0

Ren et al. BMC Pulmonary Medicine (2023) 23:316

feature of bronchiectasis (A. Smith score; B. Bhalla score).

Additional Files 3. Demographic, clinical, laboratory and radiological
features according to blood eosinophil counts (300 cell/ul).

Acknowledgements
Not applicable.

Author contributions

LS and YC conceived the study and its design. AC, JW, CC and JR collected the
datasets. The analysis of data was carried out by JR and JW. LS and JR wrote
the manuscript. All authors reviewed and approved the final article.

Funding
This study was financially supported by the National Science Fund for
Distinguished Young Scholars (82100031).

Data Availability
All data generated or analyzed during this study are available from the
corresponding author upon reasonable request.

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval and consent to participate

The study was approved by the Clinical Research Ethics Committees of Peking
University Third Hospital (M2021428), and as it was a retrospective study,
exemption from informed consent was applied and approved by the Clinical
Research Ethics Committees of Peking University Third Hospital.

Consent for publication
Not applicable.

Received: 23 December 2022 / Accepted: 17 August 2023
Published online: 31 August 2023

References

1. Chalmers JD, Chang AB, Chotirmall SH, Dhar R. McShane PJ: Bronchiectasis.
Nat Rev Dis Primers. 2018:4(1):45.

2. XuJF,Gao YH, Song YL, Qu JM, Guan WJ. Research advances and clinical man-
agement of bronchiectasis: chinese perspective. ERJ Open Res 2022, 8(2).

3. FengJ,SunL, SunX, XulL, LiuL, Liu G,Wang J, Gao P, Zhan S, Chen Y, et
al. Increasing prevalence and burden of bronchiectasis in urban chinese
adults, 2013-2017: a nationwide population-based cohort study. Respir Res.
2022;23(1):111.

4. Shoemark A, Shteinberg M, De Soyza A, Haworth CS, Richardson H, Gao Y,
Perea L, Dicker AJ, Goeminne PC, Cant E, et al. Characterization of eosino-
philic bronchiectasis: a european Multicohort Study. Am J Respir Crit Care
Med. 2022;205(8):894-902.

5. Wang X, Villa C, Dobarganes Y, Olveira C, Giron R, Garcia-Clemente M, Maiz
L, Sibila O, Golpe R, Menendez R et al. Phenotypic clustering in Non-Cystic
Fibrosis Bronchiectasis Patients: the role of Eosinophils in Disease Severity. Int
J Environ Res Public Health 2021, 18(16).

6. Somani SN, Kwah JH, Yeh C, Conley DB, Grammer LC 3rd, Kern RC, Prickett M,
Schleimer RP. Smith SS, Stevens WW, et al. Prevalence and characterization
of chronic rhinosinusitis in patients with non-cystic fibrosis bronchiecta-
sis at a tertiary care center in the United States. Int Forum Allergy Rhinol.
2019;9(12):1424-9.

7. Shteinberg M, Nassrallah N, Jrbashyan J, Uri N, Stein N, Adir Y. Upper airway
involvement in bronchiectasis is marked by early onset and allergic features.
ERJ Open Res 2018, 4(1).

8. Tsikrika S, Dimakou K, Papaioannou Al, Hillas G, Thanos L, Kostikas K, Loukides
S, Papiris S, Koulouris N, Bakakos P. The role of non-invasive modalities for
assessing inflammation in patients with non-cystic fibrosis bronchiectasis.
Cytokine. 2017,99:281-6.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Page 10 of 11

Watt AP, Brown V, Courtney J, Kelly M, Garske L, Elborn JS, Ennis M. Neutrophil
apoptosis, proinflammatory mediators and cell counts in bronchiectasis.
Thorax. 2004;59(3):231-6.

Gaga M, Bentley AM, Humbert M, Barkans J, O'Brien F, Wathen CG, Kay AB,
Durham SR. Increases in CD4 + T lymphocytes, macrophages, neutrophils
and interleukin 8 positive cells in the airways of patients with bronchiectasis.
Thorax. 1998;53(8):685-91.

Oriano M, Gramegna A, Amati F, DAdda A, Gaffuri M, Contoli M, Bindo F,
Simonetta E, Di Francesco C, Santambrogio M et al. T2-High endotype and
response to Biological Treatments in patients with bronchiectasis. Biomedi-
cines 2021, 9(7).

King PT, Holmes PW, Holdsworth SR. Raised immunoglobulin E and idio-
pathic bronchiectasis. Respiratory Med CME. 2008;1(4):264-6.

Bekir M, Karakoc Aydiner E, Yildizeli SO, Ogulur |, Kocakaya D, Baris S, Eryuksel
E, Ozen A, Ceyhan BB. Primary Immun Deficiency in patients with non-cystic
fibrosis bronchiectasis and its relationship with clinical parameters. Turk
Thorac J. 2021,22(1):37-44.

Mac Aogain M, Tiew PY, Lim AYH, Low TB, Tan GL, Hassan T, Ong TH, Pang

SL, Lee ZY, Gwee XW, et al. Distinct immunoallertypes of Disease and High
Frequencies of Sensitization in Non-Cystic Fibrosis Bronchiectasis. Am J Respir
Crit Care Med. 2019;199(7):842-53.

JinJ,YuW, Li S, Lu L, Liu X, Sun Y. Factors associated with bronchiectasis in
patients with moderate-severe chronic obstructive pulmonary disease. Med
(Baltim). 2016;95(29):e4219.

Writing BExpertC, Pulmonary Infection Assembly G. Expert consensus on the
diagnosis and treatment of adult bronchiectasis in China. Zhonghua Jie He
He Hu Xi Za Zhi. 2021;44(4):311-21.

Agarwal R, Sehgal IS, Dhooria S, Aggarwal AN. Developments in the diagnosis
and treatment of allergic bronchopulmonary aspergillosis. Expert Rev Respir
Med. 2016;10(12):1317-34.

Hill AT, Haworth CS, Aliberti S, Barker A, Blasi F, Boersma W, Chalmers JD, De
Soyza A, Dimakou K, Elborn JS et al. Pulmonary exacerbation in adults with
bronchiectasis: a consensus definition for clinical research. Eur Respir J 2017,
49(6).

Chalmers JD, Goeminne P, Aliberti S, McDonnell MJ, Lonni S, Davidson J, Pop-
pelwell L, Salih W, Pesci A, Dupont LJ, et al. The bronchiectasis severity index.
An international derivation and validation study. Am J Respir Crit Care Med.
2014;189(5):576-85.

Martinez-Garcia MA, Athanazio RA, Giron R, Maiz-Carro L, de la Rosa D, Olveira
C, de Gracia J, Vendrell M, Prados-Sanchez C, Gramblicka G, et al. Predicting
high risk of exacerbations in bronchiectasis: the E-FACED score. Int J Chron
Obstruct Pulmon Dis. 2017;12:275-84.

Hansell DM, Bankier AA, MacMahon H, McLoud TC, Muller NL, Remy J.
Fleischner Society: glossary of terms for thoracic imaging. Radiology.
2008;246(3):697-722.

Smith IE, Jurriaans E, Diederich S, Ali N, Shneerson JM, Flower CD. Chronic
sputum production: correlations between clinical features and findings

on high resolution computed tomographic scanning of the chest. Thorax.
1996;51(9):914-8.

Bhalla M, Turcios N, Aponte V, Jenkins M, Leitman BS, McCauley DI,

Naidich DP. Cystic fibrosis: scoring system with thin-section CT. Radiology.
1991,179(3):783-8.

Dunican EM, Elicker BM, Gierada DS, Nagle SK, Schiebler ML, Newell JD,
Raymond WW, Lachowicz-Scroggins ME, Di Maio S, Hoffman EA, et al. Mucus
plugs in patients with asthma linked to eosinophilia and airflow obstruction.
J Clin Invest. 2018;128(3):997-1009.

George L, Brightling CE. Eosinophilic airway inflammation: role in asthma
and chronic obstructive pulmonary disease. Ther Adv Chronic Dis.
2016;7(1):34-51.

Fahy JV. Type 2 inflammation in asthma-present in most, absent in many. Nat
Rev Immunol. 2015;15(1):57-65.

Weckmann M, Bahmer T, Sand JM, Rank Ronnow S, Pech M, Vermeulen C, Faiz
A, Leeming DJ, Karsdal MA, Lunding L et al. COL4A3 is degraded in allergic
asthma and degradation predicts response to anti-IgE therapy. Eur Respir J
2021, 58(6).

Malacco N, Rachid MA, Gurgel |, Moura TR, Sucupira PHF, de Sousa LP, de
Souza DDG, Russo RC, Teixeira MM, Soriani FM. Eosinophil-Associated Innate
IL-17 response promotes Aspergillus fumigatus Lung Pathology. Front Cell
Infect Microbiol. 2018;8:453.

Franquet T, Muller NL, Gimenez A, Guembe P, de La Torre J, Bague S. Spec-
trum of pulmonary aspergillosis: histologic, clinical, and radiologic findings.
Radiographics. 2001;21(4):825-37.



Ren et al. BMC Pulmonary Medicine

30.

32.

33.

34.

35.

36.

37.

(2023) 23:316

Aksamit TR, O'Donnell AE, Barker A, Olivier KN, Winthrop KL, Daniels MLA,
Johnson M, Eden E, Griffith D, Knowles M, et al. Adult patients with bron-
chiectasis: a First look at the US Bronchiectasis Research Registry. Chest.
2017;151(5):982-92.

Pfeffer PE, Hopkins S, Cropley |, Lowe DM, Lipman M. An association between
pulmonary Mycobacterium avium-intracellulare complex infections and
biomarkers of Th2-type inflammation. Respir Res. 2017;18(1):93.

Morimoto C, Matsumoto H, Ito |, Nagaski T, Oguma T, Hirai T. Roles of
Staphylococcus aureus and sensitization to staphylococcal enterotoxin in
bronchiectasis. Respir Investig. 2023;61(1):23-6.

Garcia Clemente M, Olveira C, Giron R, Maiz L, Sibila O, Golpe R, Menendez

R, Rodriguez J, Barreiro E, Rodriguez Hermosa JL et al. Impact of chronic
bronchial infection by Staphylococcus aureus on Bronchiectasis. J Clin Med
2022,11(14).

Malik A, Batra JK. Antimicrobial activity of human eosinophil granule
proteins: involvement in host defence against pathogens. Crit Rev Microbiol.
2012;38(2):168-81.

Martinez-Garcia MA, Faner R, Oscullo G, de la Rosa D, Soler-Cataluna JJ,
Ballester M, Agusti A. Inhaled steroids, circulating eosinophils, chronic airway
infection, and Pneumonia Risk in Chronic Obstructive Pulmonary Disease. A
Network Analysis. Am J Respir Crit Care Med. 2020,201(9):1078-85.

Dimakou K, Triantafillidou C, Toumbis M, Tsikritsaki K, Malagari K, Bakakos P.
Non CF-bronchiectasis: aetiologic approach, clinical, radiological, microbio-
logical and functional profile in 277 patients. Respir Med. 2016;116:1-7.
Giacon V, Sanduzzi Zamparelli S, Sanduzzi Zamparelli A, Bruzzese D, Boc-
chino M. Correlation between clinical-functional parameters and number of
lobes involved in non-cystic fibrosis bronchiectasis. Multidiscip Respir Med.
2021;16(1):791.

38.

39.

40.

41.

42.

Page 11 of 11

Campisi R, Nolasco S, Pelaia C, Impellizzeri P, D’Amato M, Portacci A, Ricciardi
L, Scioscia G, Crimi N, Scichilone N et al. Benralizumab effectiveness in severe
eosinophilic asthma with Co-Presence of Bronchiectasis: a real-world Multi-
centre Observational Study. J Clin Med 2023, 12(12).

Crimi C, Campisi R, Nolasco S, Cacopardo G, Intravaia R, Porto M, Impellizzeri
P, Pelaia C, Crimi N. Mepolizumab effectiveness in patients with severe eosin-
ophilic asthma and co-presence of bronchiectasis: a real-world retrospective
pilot study. Respir Med. 2021;185:106491.

Rademacher J, Konwert S, Fuge J, Dettmer S, Welte T, Ringshausen FC. Anti-
IL5 and anti-IL5Ralpha therapy for clinically significant bronchiectasis with
eosinophilic endotype: a case series. Eur Respir J 2020, 55(1).

Westerhof GA, Korevaar DA, Amelink M, de Nijs SB, de Groot JC, Wang
J,Weersink EJ, ten Brinke A, Bossuyt PM, Bel EH. Biomarkers to identify
sputum eosinophilia in different adult asthma phenotypes. Eur Respir J.
2015;46(3):688-96.

Hastie AT, Martinez FJ, Curtis JL, Doerschuk CM, Hansel NN, Christenson

S, Putcha N, Ortega VE, Li X, Barr RG, et al. Association of sputum and

blood eosinophil concentrations with clinical measures of COPD sever-

ity: an analysis of the SPIROMICS cohort. The Lancet Respiratory Medicine.
2017,5(12):956-67.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Association of blood total immunoglobulin E and eosinophils with radiological features of bronchiectasis
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Patients and data collection
	﻿Evaluation of chest HRCT
	﻿Statistical analysis

	﻿Results
	﻿Demographics and clinical characteristics of the patients
	﻿Comparison of radiological features of bronchiectasis according to levels of total IgE
	﻿Comparison of radiological features of bronchiectasis according to blood eosinophil counts
	﻿Association of FeNO with blood total IgE and eosinophils

	﻿Discussion
	﻿Conclusion
	﻿References


