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Background: Among immunocompetent patients, patients with bronchiectasis
are considered to be a high-risk group for invasive pulmonary aspergillosis
(IPA). Early diagnosis and treatment can improve the prognosis of patients.

Objectives: We aimed to investigate the diagnostic value of Dectin-1 and IL-17
for diagnosing IPA with bronchiectasis.

Methods: We retrospectively collected data on patients with bronchiectasis
who had been hospitalized in the Third Affiliated Hospital of Soochow
University between September 2018 to December 2021. Dectin-1, IL-17 and
GM were measured by enzyme-linked immunosorbent assays.

Results: A total of 129 patients were analyzed in the study, of whom 33 had
proven or probable IPA with bronchiectasis. The remaining 96 patients served
as controls. The plasma Dectin-1 and IL-17 levels in the IPA group were
significantly higher than that in the control group (P=0.005; P<0.001). The
plasma GM, BALF GM, plasma Dectin-1 and IL-17 assays had sensitivities of
39.4%, 62.5%, 69.7% and 78.8%, respectively, and specificities of 89.2%, 91.5%,
72.9% and 71.9%, respectively. The sensitivity of Dectin-1 and IL-17 in plasma
was higher than that in plasma and BALF GM. while the specificity is lower than
that of plasma and BALF GM. The diagnostic sensitivity and specificity of plasma
GM combined with IL-17 for IPA in bronchiectasis were greater than 80%. The
combination of plasma GM and IL-17 can improve the sensitivity of the GM test,
but does not reduce the diagnostic specificity. The plasma Dectin-1 and IL-17
showed positive linear correlations with the bronchiectasis severity Index (BSI)
score in linear regression.
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Conclusions: Plasma Dectin-1 and IL-17 levels were significantly higher in
bronchiectasis patients with IPA. The sensitivity of Dectin-1 and IL-17 was
superior to that of GM for the diagnosis of IPA in patients with bronchiectasis.
The combination of GM and IL-17 in plasma is helpful for the diagnosis of IPA in
bronchiectasis patients who cannot tolerate invasive procedures.
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Introduction

Invasive pulmonary aspergillosis(IPA) is an infectious
disease with high mortality caused by Aspergillus spp (Gold
et al,, 2022). The Cohort of Asian and Matched European
Bronchiectasis (CAMEB) study found that fungi, especially
Aspergillus, play an important role in bronchiectasis (Mac
Aogain et al., 2018). Due to airway distortion, immune
dysregulation and persistent Aspergillus colonization exist,
patients with bronchiectasis are at high risk of developing IPA
(Xu et al,, 2022). Non-neutropenic IPA represents a rare but
important clinical phenotype. It is particularly challenging to
detect IPA in non-neutropenic patients, such as IPA observed in
bronchiectasis, who go undiagnosed for long periods as the
disease progresses (Tiew et al, 2021; Yang et al, 2021). At
present, In some studies of non-neutropenic IPA patients in
China, more than 25% of the patients had bronchiectasis (Zhou
et al, 2017; Wu et al,, 2021). Therefore, in clinical practice, for
patients with bronchiectasis who are highly suspected of IPA,
multiple laboratory examination methods should be used to
assist the diagnosis as much as possible.

Galactomannan (GM) is a cell wall polysaccharide of
Aspergillus species with diagnostic importance. According to
the Infectious Diseases Society of America guidelines (IDSA),
the GM test in plasma or bronchoalveolar lavage fluid is
considered a mycological criterion in IPA (Patterson et al,
2016). However, the GM test has limited diagnostic value in
non-neutropenic IPA patients, including those with
bronchiectasis (Dai et al., 2021). Dectin-1 floats in the
membrane as a monomer but binds to beta-glucans as a
dimer. The 176-amino-acid-long (20-kDa) extracellular C-
terminal beta-glucan binding domain is often manipulated
alone as soluble Dectin-1. It recognizes beta-1,3-glucan on
fungal cell walls and plays a crucial role in early host defence in
the respiratory tract (Kalia et al,, 2021). A study has shown that
dectin-1 knockout mice are more susceptible to Aspergillus
infection, because of insufficient neutrophil recruitment in the
lungs (Werner et al., 2009). Several studies have demonstrated
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a close association between Dectin-1 polymorphisms and
susceptibility to aspergillosis (Zhou et al., 2019; Kalkanci
et al., 2020). Therefore, Dectin-1 is recognized as a
biomarker and target for the diagnosis and treatment of IPA.
In a mouse model of Aspergillus fumigatus infection, Dectin-1-
mediated signals can enable Th17 differentiation and increase
the production of IL-17. IL-17 has been highlighted as a key
component of fungal immunity. IL-17 can induce the
production of antimicrobial peptides and chemokines, and
lead to the recruitment of neutrophils (Puerta-Arias et al.,
2020). In a study of people with severe asthma with fungal
sensitization (Aspergillus fumigatus), it was found that BAL
fungal presence by qPCR correlated with plasma IL-17
(Sullivan et al., 2020). Thus, in this study, we evaluated the
diagnostic value of plasma Dectin-1 and IL-17 levels in
bronchiectasis patients with IPA.

Materials and methods
Patients

Patients admitted to the Department of Respiratory and
Critical Care Medicine at the Third Affiliated Hospital of
Soochow University (Changzhou First People’s Hospital) from
September 2018 to December 2021 and diagnosed with IPA with
bronchiectasis and non-IPA bronchiectasis patients hospitalized
were enrolled in this study. The study was approved by the
Institutional Review Board of Changzhou first people’s Hospital
(N0.2021-009)

The inclusion criteria for the IPA with bronchiectasis were:
1. Diagnosis of bronchiectasis. 2. “proven” and “probable”
invasive pulmonary aspergillosis cases that meet the diagnostic
criteria of the European Organization for Research and
Treatment of Cancer and the Mycoses Study Group (EORTC/
MSG) (Donnelly et al., 2020). The exclusion criteria were as
follows: A previous hematopoietic stem-cell or solid organ
transplant or neutropenia; The non-IPA bronchiectasis
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patients present with bronchiectasis or concomitant infection on
CT, but no relevant evidence of Aspergillus infection.

Collect plasma samples and
bronchoalveolar lavage fluid to detect
GM, Dectin-1 and IL-17

plasma samples were collected from each subject before
treatment initiation. Bronchoalveolar lavage was performed on
the intrapulmonary area according to the results of the chest CT
examination to obtain bronchoalveolar lavage fluid. The plasma
and BALF samples were assayed for Aspergillus GM antigen by
ELISA (Platelia Aspergillus Kit, Bio-Rad Laboratories). ELISA
also was used to detect plasma Dectin-1 (Human Dectin-1
ELISA Kit, Thermo Fisher) and IL-17 (Human IL-17 ELISA
Kit, Abcam) levels following the standard methods.

Statistical analysis

Continuous variables were expressed as the mean standard
deviation. Categorical variables were expressed as proportions.
For count data and categorical variables, the chi-squared test or
Fisher s exact test was used to compare groups, and for
continuous variables, Student s t-tests or the Mann-Whitney
U-test were used to compare groups, depending on whether or
not the data were normally distributed. Receiver-operating
characteristic (ROC) curve analysis was used to determine
the optimal cut-off value for Dectin-1 and IL-17 for
diagnosing IPA.Correlation analysis using Spearman’s
correlation. All data were analyzed using SPSS version 23.0
(IBM Corp, Armonk, NY, USA). A P value<0.05 was taken to
indicate statistical significance.

TABLE 1 Demographic characteristics of the study population.

Variables IPA group (n = 33)
Male 25
Agey 64.09 + 12.23
BMI (Body Mass Index) 21.10 + 3.89
Extra-pulmonary comorbidities

Cardiovascular diseases 12

Diabetes mellitus 4
*FEV1% predicted

>=80% 10

50-79% 12

30-49% 5

<30% 6
History of smoking 13
Steroid treatment 10

*FEV1: forced expiratory volume in 1 s.
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Results
Patient characteristics

A total of 129 patients were included, of whom 33 were
diagnosed with IPA (4 proven; 29 probable) and bronchiectasis,
96 bronchiectasis patients without pulmonary aspergillosis
served as controls. No significant differences were observed in
terms of sex, age, BMI, Extra-pulmonary comorbidities, smoking
history, history of glucocorticoid use and pulmonary function
between the case and control groups (Table 1).

Galactomannan, Dectin-1 and IL-17
levels between IPA and non-IPA group

Our results revealed that plasma GM, and BALF GM levels
were significantly elevated in IPA group than in non-IPA group
(0.4[0.26-0.78]+ vs 0.31 [0.25-0.43], P=0.01; 1.19[0.43-4.67] vs
0.41[0.22-0.67], P<0.001, Figure 1).

The plasma Dectin-1 levels in the IPA group were
significantly higher than that in the control group (16.29 + 6.08
vs 12.87 + 4.43pg/mL; P=0.005). Similarly, IL-17 levels in plasma
were significantly elevated in the IPA group than in the non-IPA
group (17.33 + 5.55 vs11.56 + 4.29pg/ml; P<0.001) (Figure 1).

Diagnostic efficiency of Dectin-1, IL-17
and galactomannan

According to the ROC curve analysis, the best cutoff value
for plasma GM for diagnosing IPA was 0.6, at which the
sensitivity and specificity of the test were 39.4% and 89.2%,
respectively (33 patients in the IPA group and 83 patients in the

Control group (n = 96) P value
60 0.17
62.32 + 11.60 0.46
21.90 + 3.70 0.29
37 0.82
8 0.50
30 0.60
34
22
10
34 0.68
17 0.13
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Plasma GM (A), BALF GM (B), plasma Dectin-1 (C) and IL-17 (D) were elevated in IPA group compared with the non-IPA group in patients with

bronchiectasis. **P < 0.001; ***P < 0.001.

non-IPA group; AUC=0.652). When taking 1.01 as the cut-off
value of GM, the sensitivity and specificity of GM in
bronchoalveolar lavage fluid were 62.5% and 91.5%,
respectively (24 patients in the IPA group and 47 patients in
the non-IPA group; AUC=0.777; Figure 2).

We also performed a ROC curve analysis for Dectin-1 and IL-
17, as shown in Figure 2. In optimal cutoff value for plasma
Dectin-1 for diagnosing IPA was 13.29 ng/mL, at which the
sensitivity and specificity were 69.7% and 72.9%, respectively
(33 patients in the IPA group and 96 patients in the non-IPA
group; AUC=0.716). Whereas, the sensitivity and specificity of IL-
17 detection in serum were 78.8% and 71.9%, respectively (cut-off
at 14.36pg/mL, 33 patients in the IPA group and 96 patients in the
non-IPA group; AUC=0.797). The diagnostic sensitivity of plasma
Dectin-1 and IL-17 was higher than that of plasma and BALF GM.

Diagnostic accuracy of GM combined
with IL-17 or Dectin-1 in IPA

The sensitivity and specificity of double positive plasma
GM and dectin-1 in diagnosing IPA in patients with

Frontiers in Cellular and Infection Microbiology

04

bronchiectasis were 87.9% and 51.8% (AUC=0.717).
However, double positivity of the plasma GM and IL-17 tests
for the diagnosis of IPA had a sensitivity of 81.8% and
specificity of 80.7% (AUC=0.849). Compared with the
plasma GM test, the combined diagnostic sensitivity of GM
and IL-17 is significantly higher (p=0.0036), and there was no
difference in specificity (p=0.19) (Figure 3).

Correlation between plasma Dectin-1/IL-
17 and various clinical indicators

We evaluated the association between plasma Dectin-1/IL-
17 and various clinical indicators in patients with IPA and
bronchiectasis. Our results showed that there was no
significant linear correlation between Dectin-1/IL-17 and
oxygenation index, PCT, CRP and albumin. However.
plasma Dectin-1 and IL-17 showed positive linear
correlations with bronchiectasis severity Index (BSI) score in
linear regression. Moreover, plasma IL-17 was positively
linear correlations with white cell count and neutrophil cell
count (Table 2).
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TABLE 2 Correlation between plasma Dectin-1/IL-17 and various clinical indicators in IPA combined with bronchiectasis group.

Clinical indicators

iy
white cell count (x10A9/L) 0.275
neutrophil count (x1029/L) 0.233
CRP(C-reactive protein)(mg/L) 0.110
PCT (procalcitonin)(ng/mL) 0.196
BSI score 0.455
Albumin (g/L) 0.176
Oxygenation Index -0.048

Dectin-1 (pg/mL)

IL-17 (pg/mL)

P- value r P- value
0.122 0.418 0.015
0.191 0.399 0.021
0.542 0.165 0.358
0.275 0.027 0.881
0.008 0.579 <0.001
0.328 -0.201 0.262
0.790 -0.170 0.345

Bold values means statistically significant.

Discussion

Dectin-1 is a soluble type II transmembrane pattern
recognition receptor that recognizes and binds to B-glucan of
the Aspergillus cell wall. Further studies show that IL-17
production after A.fumigatus infection is dependent on
Dectin-1. IL-17 is involved in neutrophil recruitment,
activation and migration to sites of fungal infection. Several
studies have shown that dectin-1 and IL-17 play critical roles in
innate immunity to Aspergillus infection. In this study, The
sensitivity of Dectin-1 and IL-17 for the diagnosis of IPA in
patients with bronchiectasis was higher than that of GM.
Combined use of GM and IL-17 detection can improve the
diagnosis of IPA in bronchiectasis patients.

GM could be released into blood and BALF when Aspergillus
invades human tissues. Therefore, the detection of GM may
indicate Aspergillus infection. According to IDSA criteria, the
GM test is considered to be the most specific biomarker for
diagnosing IPA. Currently, few studies have reported on the
diagnostic accuracy of GM testing for diagnosing IPA in patients
with bronchiectasis. In this paper, according to the ROC curve
analysis, the optimal plasma GM cutoff was 0.6, and the
sensitivity and specificity were 39.4% and 89.2%, respectively.
In studies of patients with non-neutropenic reported sensitivity
of plasma GM has ranged from 11.6 to 90.9%, while specificity
ranged from 66.3% to 100% (He et al., 2012; Zhang et al., 2013;
Fortn et al., 2016). The sensitivity and specificity of the plasma
GM test in our study of patients with bronchiectasis and IPA
were within the range reported in previous studies. When the
cutoff value was set at 1.01 in this study, the sensitivity of
the BALF GM detection test was significantly higher than that
of the plasma GM. Reports of ROC curve analysis in other
studies showed that the optimal BALF GM cutoft values in non-
neutropenic patients with pulmonary aspergillosis were between
0.7 and 1.25 (Zhou et al,, 2017; He et al,, 2021). Two other
similar studies were conducted in China. The study by Zhang
et al. showed that the optimal cutoff value for GM in BALF was
0.7 when diagnosing IPA in non-neutropenic patients, with a
sensitivity of 72.97% (Zhou et al., 2017). The best cut-off value of
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another study was 0.87, with a sensitivity and specificity of 91.7%
and 92.5%, respectively (Wu et al., 2021). The reason for the
higher sensitivity than in the present study is that the patients in
the above study included fewer patients with
bronchiectasis(27.03%,29.2%).

Patients with bronchiectasis combined with IPA are prone to
hemoptysis and severe respiratory failure, leading to intolerance
of tracheoscopy and difficulty in obtaining alveolar lavage fluid.
Studies have shown that Aspergillus infection could lead to
elevated levels of several cytokines (Griffiths et al., 2021a; Yu
et al,, 2021). Therefore, it is important to find blood biomarkers
for the diagnosis of IPA. At the cellular level, dectin-1 was
mainly expressed in dendritic cells and mononuclear
phagocytes, with lower expression in lymphocytes and
eosinophils. In a study of human umbilical vein endothelial
cells infected with Aspergillus fumigatus, it was found that
dectin-1 was able to bind to the surface of A. fumigatus and
dispersed inside and outside the cell. The expression of dectin-1
in cells infected with Aspergillus fumigation was significantly
higher than that in the control group (Zhang et al, 2017).
Previous in vivo studies have shown that mice without dectin-
1 expression have significantly increased fungal load in lung
tissue after nasal injection of Aspergillus fumigatus compared
with wild-type mice (Werner et al., 2009). In Kalkanci et al ‘s
study (Kalkanci et al,, 2020), it was found that Dectin-1
expression was downregulated in invasive aspergillosis among
the haematopoietic stem cell transplant group (0.1887 + 0.072 vs
0.0655 + 0.010), but not statistically significant. Similarly In a
study of acute myeloid leukemia (AML) with Invasive fungal
disease, it was found that Dectin-1 mRNA expression during
hematopoietic regeneration was significantly lower compared to
the later time point when the blood count was restored (Fischer
etal,, 2016). Previous studies have shown that AML patients who
developed Invasive Aspergillosis were 10.2 times more likely to
have low Dectin-1 expression (Griffiths et al., 2021b). These
study shows that during hematologic disease induced
immunosuppression, the body’s immune response to fungal
pathogens declines due to decreased Dectin-1 mRNA levels.
However, we explored that the expression of plasma Dectin-1 in
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IPA patients was significantly higher than that in controls. The
reason for the opposite findings may be that the patients in the
above study included immunocompromised patients whereas
the present study included patients with relatively normal
immune function. The ROC curve showed that the sensitivity
of dectin-1 in diagnosing IPA was higher than that of GM, but
the specificity was lower. The reason for the low specificity may
be due to recent explorations suggesting that dectin-1 plays a
wider role in defence against a variety of infectious diseases
caused by pathogens including bacteria and viruses (Tone et al.,
2019; Kalia et al., 2021).

The IL-17 family is a group of cytokines, mainly secreted by
the CD4+ T helper cell subset, namely Th17 cells. IL-17 is a key
inflammatory mediator in many diseases, such as autoimmunity,
heart disease, and infection. In a study of rheumatoid arthritis
(RA) (Qiu et al.,, 2022), it was found that IL17 combined with
other cytokines can predict the incidence of osteoporosis
complication in RA patients. Xu et al. (Xu et al., 2021) showed
that the combination of IL-17 and IL-6 had the highest
diagnostic accuracy in predicting the prognosis of left
ventricular diastolic dysfunction by ROC curve. In the study of
assessing the severity of coronary artery disease by Liu et al (Liu
et al,, 2022), it was also found that the clinical model containing
IL17 had a good performance in predicting severe coronary
artery disease. IL-17 plays a crucial role in defence against
invasive infections caused by fungal pathogens of the
Aspergillus by inducing antimicrobial proteins and recruiting
neutrophils to the site of infection (Puerta-Arias et al., 2020). In
a study of invasive pulmonary aspergillosis mice, it was found
that IL-17A mRNA expression was significantly increased in the
lung tissue in the IPA group (Xu et al,, 2018). Kimura et al. found
that IL-17 levels in bronchoalveolar lavage fluid of mice infected
with Aspergillus fumigatus increased gradually as GM levels, and
posaconazole treatment significantly reduced IL-17 level
(Kimura et al, 2017). In the COPD combined IPA mouse
model, the serum IL-17 level in the COPD+IPA group was
significantly higher than that in the COPD group (17.96+9.59
pg/mL vs. 8.05+4.44 pg/mL, P=0.02) (Geng et al., 2020). In two
studies of fungal sinusitis (Rai et al., 2018b; Rai et al., 2018a), IL-
17 serum levels were significantly higher in these patients than in
controls. The above results are similar to our study. However,
Delsing et al’s study found that Aspergillus-specific Th17
responses (production of IL-17) were significantly reduced in
patients with Aspergillus skull base osteomyelitis compared to
the healthy control group (Delsing et al., 2015). The reason for
the different results is that the study by Delsing et al. included
only 6 patients, one of whom had chronic myeloid leukemia
(immunosuppressed population). The study by Hassan et al.
showed that in fungal infections in patients with end-stage liver
disease, patients with invasive fungal infection (41.67% of the
patients had Aspergillus infection)had higher serum IL-17 levels
compared with patients without invasive fungal infection
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(Hassan et al., 2014). Our research is consistent with the above
findings. We found IL-17 levels in plasma were significantly
elevated in the IPA group than in the non-IPA group. At the
optimal cutoff value, The sensitivity of plasma IL-17 is
significantly higher than that of plasma and BALF GM, but
the specificity is lower than that of plasma and BALF GM.

When plasma GM combined with dectin-1 was used to
diagnose IPA, although the sensitivity was higher (87.9%), the
specificity was significantly lower (51.8%), which may lead to
misdiagnosis. However, the diagnostic sensitivity (81.8%) of
plasma GM combined with IL-17 in IPA was significantly
higher than that of plasma GM, while the specificity (80.7%)
was not significantly different. These findings suggest that
plasma GM combined with IL-17 can increase the sensitivity
of the diagnosis of IPA in patients with bronchiectasis.

In our study, plasma IL-17 was positively linear correlations
with white cell count and neutrophil cell count. The reason may
be related to the recruitment and activation of neutrophils by IL-
17, which can effectively promote airway inflammation
(Ritzmann et al., 2022). The bronchiectasis severity index
(BSI) was used to evaluate the severity of bronchiectasis. In
our study, plasma Dectin-1 and IL-17 showed positive linear
correlations with BSI score in linear regression. These results
suggest that Dectin-1 and IL-17 may reflect the severity of the
disease in patients with pulmonary aspergillosis. However, this
needs to be validated in larger numbers of patients.

One of the weaknesses of the current study is the lack of
dectin-land IL-17 detection in bronchoalveolar lavage fluid
which we aim to address in future work. Furthermore, future
studies need to be validated in a larger cohort and include more
non-neutropenic patients.

Conclusions

In conclusion, the sensitivity of Dectin-1 and IL-17 was
better than that of GM for the diagnosis of IPA in patients with
bronchiectasis. The combination of GM and IL-17 in plasma is

helpful for the diagnosis of IPA in bronchiectasis, especially in
patients who cannot perform invasive procedures.
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