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Background: Aspergillus-specific IgG antibody test is considered to be the most reliable method for diagnosing chronic pulmonary
aspergillosis (CPA), while its diagnostic roles in different kinds of CPA are still uncertain and it is a challenge of having a threshold to
interpret the IgG levels.

Purpose: This study aimed to evaluate the diagnostic value of the Dynamiker quantitative Aspergillus fumigatus-specific IgG
antibody in different types of CPA with the aim of providing a reference for clinical work.

Methods: This prospective study collected the clinical data of patients with suspected CPA admitted to the hospital from
January 2020 to December 2022 and divided them into two groups: CPA and non-CPA. The study analyzed clinical characteristics
and Aspergillus-specific IgG antibody test’s diagnostic value, and a receiver operating characteristic (ROC) curve was used to evaluate
diagnostic efficacy.

Results: We enrolled 54 CPA patients and 132 non-CPA patients. The average admission age of the CPA group was 61.0 (43.8, 70.0)
years, and the sex ratio was 32/22 (male/female). The level of Aspergillus fumigatus-specific IgG antibody in the CPA group was
significantly higher than the non-CPA group (95.2 (31.3, 213.3) vs 47.5 (34.0, 80.3) AU/mL, p = 0.001). The area under the ROC
curve was 0.653 (95% confidence interval [CI]: 0.580-0.721, p = 0.003). The cutoff with the best diagnostic efficacy was 87 AU/mL,
and the sensitivity and specificity were 57.4% and 77.3%, respectively. There was no significant difference in the level of specific IgG
antibody among the five CPA types (p = 0.543); however, it was relatively higher in chronic cavitary pulmonary aspergillosis (CCPA).
Conclusion: 4spergillus-specific IgG antibody is valuable diagnostic marker for CPA, while its value in differential diagnosis among
different types of CPA is limited.
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Introduction
Aspergillus is a class of pathogenic saprophytic fungi that can cause systemic infections. To date, over 300 species of
Aspergillus have been reported, and approximately 50 species are pathogenic to humans, most commonly Aspergillus
fumigatus (A. fumigatus)." Aspergillosis is defined as different kinds of diseases caused by Aspergillus, and pulmonary
aspergillosis (PA) is the main clinical manifestation.*

The PA spectrum includes invasive pulmonary aspergillosis (IPA), allergic bronchopulmonary aspergillosis (ABPA)
and chronic pulmonary aspergillosis (CPA). CPA is comprised of a series of progressive lung parenchymal diseases,

including simple pulmonary aspergilloma, aspergillus nodules, chronic cavitary pulmonary aspergillosis (CCPA), chronic
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fibrosing pulmonary aspergillosis (CFPA) and chronic necrotizing pulmonary aspergillosis (CNPA), also known as sub-
acute invasive aspergillosis (SAIA). CPA usually exists in immunocompetent individuals but is accompanied by under-
lying lung diseases; the most common ones are patients with cavitary lesions in the lungs caused by tuberculosis or
nontuberculous mycobacterial infections.>*

In recent years, the morbidity and mortality of PA have gradually increased, and approximately 3 million people
worldwide suffer from CPA.” CPA has been regarded as an emerging fungal infectious disease with public health
importance, therefore, early diagnosis and timely treatment are essential to reduce mortality and improve the prognosis of
CPA. Owing to the complexity of the disease itself, the current diagnosis of CPA requires a systematic assessment of the
relevant medical history, clinical manifestations, radiology, histopathology, immunology, microbiology, and other
aspects. Among these diagnostic methods, immunological tests (specific antigen and antibody tests, including galacto-
mannan (GM) test, 1.3-B-D-glucan (BDG) test (G test), Aspergillus-specific immunoglobulin M (IgM), IgG, IgE, IgA
antibody tests, etc). have advantages of convenient operation, high sensitivity and specificity, short-time consuming and
less trauma, which is of great value to improve the timely diagnosis rate of CPA.®

Among the biomarkers related to immunological tests for the diagnosis of CPA, specific antibodies, particularly 1gG
antibodies, are widely used. A meta-analysis reviewed and summarized the accuracy of various Aspergillus-specific
antibodies for the diagnosis of CPA, and the results suggested that a specific IgG antibody was more valuable, especially
in exclusionary diagnosis.” As an auxiliary indicator, previous study has proved that the serum detection of raised level of
Aspergillus-specific IgG antibody is positive in over 90% of CPA, and it is considered to be the most reliable method for
diagnosing CPA.'® The sensitivity and specificity of serum specific IgG antibody can reach up to 96% and 99%,
respectively.'' The CPA disease itself is complex and has plenty of different subtypes, however, there is no research
to clarify the difference in the level of specific IgG antibody between different subtypes of CPA.

Therefore, it is necessary to further explore specific IgG antibody for the diagnosis of different CPA subtypes. This
study aimed to evaluate the diagnostic value of quantitative A. fumigatus-specific IgG antibody in CPA to provide more

references for clinical work.

Materials and Methods

Materials and Data Collection

This prospective, single-center, controlled study included 186 patients with suspected CPA admitted to the First Affiliated
Hospital, Zhejiang University School of Medicine, from January 2020 to December 2022 (Figure 1). Enrollment,
diagnosis, and testing results were evaluated by experienced respiratory physicians at our hospital.

Patients with suspected CPA were recruited in the study, and the inclusion criteria were as follows: 1) age >18
years; 2) no or mild immune insufficiency (long-term smoking, diabetes, corticosteroid therapy, BMI<18, tuberculosis); 3)
the time for appearance of suspected clinical symptoms (cough, expectoration, hemoptysis, weight loss, dyspnea) and
abnormal imaging manifestations (single or multiple pulmonary nodules, pulmonary cavities, bronchiectasis, aspergil-
loma) of CPA is >3 months or lasting for 1-3 months, or persistent lung CT imaging abnormalities, which suggests the
possibility of CPA.

The exclusion criteria were as follows: 1) receiving anti-Aspergillus treatment for >3 days in the past 3 months, 2)
patients with a history of Aspergillus infection or colonization and 3) patients with infections caused by specific bacteria,
viruses, tuberculosis, non-tuberculous mycobacteria, and fungi other than Aspergillus spp.

The patients were divided into two groups: CPA and non-CPA groups, and the diagnostic criteria of CPA were
according to the guidelines of the European Respiratory Society (ERS) and European Confederation of Medical
Mycology (ECCMID) in 2015.'"® Proven CPA should meet the inclusion criteria and histopathological evidence, or
positive culture results from a sterile environment (excluding BALF), while probable CPA required mycological
evidence such as galactomannan test (GM test), positive culture result (qualified specimen from sputum, BALF, and
bronchial brush), Aspergillus PCR, etc. A. fumigatus-specific IgG antibody test was not used as a diagnostic criterion for
CPA in this study.
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Patients with suspected CPA admitted to the First Affiliated Hospital, Zhejiang
University School of Medicine from January, 2020 to December, 2022
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Figure | The flow chart of the study. Proven CPA should meet the inclusion criteria and histopathological evidence or positive culture results from a sterile environment.
Probable CPA required inclusion criteria and mycological evidence, such as galactomannan test, positive culture results, Aspergillus PCR.
Abbreviations: CCPA, Chronic cavitary pulmonary aspergillosis; CFPA, chronic fibrosing pulmonary aspergillosis; CNPA, chronic necrotizing pulmonary aspergillosis.

Inpatient medical records were also recorded. The collected data included current medical history, medical history,

personal history, and other laboratory test results (Tables 1 and 2).

Aspergillus Fumigatus-Specific IgG Antibody Test

The antibody used in this study was Aspergillus fumigatus-specific IgG antibody, which reflects people’s immune

response to spores and was detected using an enzyme-linked immunosorbent assay (ELISA) kit (Dynamiker, Tianjin,

China). The optical density (OD) was measured using a microplate reader (Bio-Rad iMark, Hercules, California, USA).

Table | Clinical Baseline Information of CPA and Non-CPA Patients

Items CPA (n=54) Non-CPA (n=132) | p value
n (%) n (%)
Admission age 61.0 (43.8,70.0) 60.0 (53.0,67.0) 0.780
Age range 18-78 26-78 /
Gender (Male/Female) 32/22 81/51 0.790
Smoking history 19 35.2) 58 (43.9) 0.271
Allergic history 13 (24.1) 12 (9.1) 0.007
History of pulmonary diseases
COPD 8 (14.8) 12 (9.1) 0.253
Bronchiectasis 14 (25.9) 14 (10.6) 0.008
Pulmonary tuberculosis 10 (18.5) 16 (12.1) 0.253
Lung cancer 3 (5.6) 31 (23.5) 0.004
Asthma I (1.97) 6 (4.5) 0.651
Others® 7 (13.0) 46 (34.8) 0.003
(Continued)
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Table | (Continued).

Items CPA (n=54) Non-CPA (n=132) | p value
n (%) n (%)
Other comorbidities
Hypertension 16 (29.6) 35 (26.5) 0.666
Diabetes mellitus 6 (I1.1) 21 (16.0) 0.389
Heart disease 5(9.3) 14 (10.6) 0.783
Autoimmune disease 4 (7.4) 6 (4.5) 0.669
Liver cirrhosis 0 1 (0.8) 1.000
Other malignant tumor 1 (1.9) 7 (5.3) 0512
Others® 17 (31.5) 53 (40.2) 0.268
Clinical symptoms
Cough 49 (90.7) 119 (90.2) 0.902
Expectoration 42 (77.8) 96 (72.7) 0.475
Fever 19 (35.2) 39 (29.5) 0.451
Hemoptysis 22 (40.7) 27 (20.5) 0.004
Shortness of breath 13 (24.1) 37 (28.0) 0.581
Oppression in chest 16 (29.6) 40 (30.3) 0.928
Chest pain 5(9.3) 24 (18.2) 0.128

Notes: a: pneumothorax, lung abscess, focal organizing pneumonia, etc. b: nervous system
diseases, metabolic diseases, mental diseases, etc. COPD: Chronic obstructive pulmonary disease.

Other Laboratory Tests

Peripheral blood was used as the test specimen for the other laboratory tests. Serum A. fumigatus-specific IgG antibody
levels were detected in all samples using the Dynamiker A. fumigatus 1gG assay (Dynamiker, Tianjin, China). Plate
enzyme-linked immunosorbent assays (ELISAs) were performed on all the samples in accordance with the manufac-
turer’s instructions.

Table 2 Laboratory Testing Results of CPA and Non-CPA Patients

Items CPA non-CPA p value
Cases 54 132

Aspergillus-specific 1gG antibody (AU/mL) | 95.2 (31.3,213,3) 47.5 (34.0,80.3) 0.001
WBC (x109/L) 6.5 (4.6,8.7) 6.9 (5.2,8.6) 0.493
Neutrophils (x 109/L) 44 (2.55.8) 4.6 (3.1,6.0) 0.519
Eosinophils (x109/L) 0.1 (0.1,0.2) 0.1 (0.1,0.3) 0.827
Monocytes (x109/L) 0.5 (0.4,0.8) 0.5 (0.4,0.7) 0.548
Lymphocytes (x109/L) 1.5 (1.2,2.0) 1.4 (1.1,1.8) 0.584
RBC (x10°/L) 4.1 3.94.5) 4.4 (4.04.6) 0.040

Hb (g/L) 125.0 (115.0,135.3) | 1285 (114.0,139.0) | 0.265
PLT (x10%/L) 253.0 (193.3,355.3) | 252.0 (192.5,324.5) | 0.602
ALT (UIL) 15.0 (11.0,29.0) 16.0 (10.0,26.8) 0.881
AST (U/L) 20.0 (17.0,24.5) 19.0 (16.0,23.8) 0226
Albumin (g/L) 40.5 (36.4,44.3) 41.2 (37.1,44,4) 0415
Creatine (umol/L) 56.0 (50.0,68.0) 63.0 (51.3,73.0) 0.028
LDH (UIL) 200.0 (177.0247.5) | 211.0 (178.0,2485) | 0.595
CRP (mg/L) 9.7 (3.0,46.0) 6.9 (1.7,483) 0.441
ESR (mm/h) 27.0 (11.5,63.0) 21.5 (11.3,59.8) 0.840

Abbreviations: WBC, White blood cell; RBC, Red blood cell; Hb, Hemoglobulin; PLT, Platelets; ALT, Alanine
aminotransferase; AST, Aspartate aminotransferase; LDH, Lactate dehydrogenase; CRP, C-reactive protein; ESR,
Erythrocyte sedimentation rate.
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Statistical Analysis
All data in this study were statistically analyzed using SPSS, version 20.0 software (IBM SPSS Inc., Chicago, Illinois,
USA), GraphPad Prism, version 8.0 (GraphPad Software Inc., San Diego, CA, USA) and MedCalc, version 18.2
(MedCalc Software Ltd, Ostend, Belgium) software were also used to complete the figures. Continuous variables with
normal distribution were expressed as mean =+ standard deviation (SD), and continuous variables with abnormal
distribution were presented as medians (interquartile range, p25-p75). The Kolmogorov—Smirnov test was used to
determine whether the normal distribution condition was met. If p > 0.05, a normal distribution was met, and the
t-test was used for comparisons between groups. If a normal distribution was not met, the non-parametric rank sum test
was used for comparison between the groups. Count data were expressed in terms of frequency and percentage, and the
chi-square test or Fisher’s exact test was used for comparisons between groups.

The sensitivity, specificity, Youden’s index, positive predictive value (PPV), and negative predictive value (NPV)
were calculated. The receiver operating characteristic (ROC) curve was used to evaluate the diagnostic efficacy. The
relationship between IgG antibody levels and other clinical factors in this study was investigated using multivariate linear

regression models.

Results

Clinical Characteristics of Enrolled Patients

A total of 186 adult patients with suspected CPA were enrolled in this study between January 2020 and December 2022
(Figure 1, Table 1). There were 54 CPA cases (32 probable and 22 proven) and 132 non-CPA cases, whereas the specific
diseases in the latter group included tuberculosis, pulmonary cryptococcosis, lung cancer, bacterial infection, and
pulmonary actinomycosis. Meanwhile, CPA consisted of nine cases of simple pulmonary aspergilloma (16.7%), 16
cases of CCPA (29.6%), four cases of CFPA (7.4%), six cases of Aspergillus nodules (11.1%), and 19 cases of
CNPA (35.2%).

The clinical baseline information and laboratory test results of CPA and non-CPA patients are shown in Tables 1 and 2.
The average age of the CPA group was 61.0 (43.8, 70.0) years, the sex ratio was 32/22 (male/female), and the percentage of
patients with a history of allergies and bronchiectasis was significantly higher than that in the non-CPA group (24.1% vs
9.1%, p = 0.007; 25.9% vs 10.6%, p = 0.008, respectively). Among the clinical symptoms, cough (90.7%), expectoration
(77.8%), and hemoptysis (40.7%) were relatively common in CPA patients, whereas chest pain was less common (9.3%)
and CPA patients were more likely to have hemoptysis than non-CPA patients (40.7% vs 20.5%, p = 0.004). The levels of
red blood cells and creatine in the CPA group were significantly lower than those in the non-CPA group (4.1 (3.9,4.5) vs 4.4
(4.0,4.6), p = 0.040; 56.0 (50.0,68.0) vs 63.0 (51.3,73.0), p = 0.028, respectively); however, the median values were all
within the normal range, which made little sense to the final conclusion.

Comparison

A. Fumigatus-Specific 1gG Levels Between CPA and Non-CPA

The levels of 4. fumigatus-specific IgG antibody in the CPA and non-CPA groups are shown in Figure 2. The level of
specific IgG antibody in the CPA group was significantly higher than the non-CPA group (95.2 (31.3, 213.3) vs 47.5
(34.0, 80.3) AU/mL, p = 0.001, Figure 2A). In this study, the level of specific IgG antibody was significantly higher in
the probable than the proven CPA group (131.3 (47.0, 250.8) vs 58.8 (31.3, 132.8), p = 0.036, Figure 2B, Table SI).

A. Fumigatus-Specific 1gG Levels Between Different CPA Types

The levels of A. fumigatus-specific IgG antibody in the CPA groups are shown in Figure 2C. From the numerical point of
view, the average level of antibody in the CCPA group (179.5 + 152.6 AU/mL) was relatively higher, but there was no
significant difference among the five groups (p = 0.543, Figure 2C, Table S2).
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Figure 2 (A) The level of Aspergillus fumigatus-specific IgG antibody in CPA and non-CPA patients. (B) The level of Aspergillus fumigatus-specific IgG antibody in probable and
proven CPA patients. (C) The level of Aspergillus fumigatus-specific 1gG antibody among five subtypes of CPA patients. **p < 0.0, *p = 0.036 < 0.05.
Abbreviations: CCPA, Chronic cavitary pulmonary aspergillosis; CFPA, chronic fibrosing pulmonary aspergillosis; CNPA, chronic necrotizing pulmonary aspergillosis.

The Diagnostic Value and Cutoff of A. Fumigatus-Specific IgG for CPA
The ROC curve of the specific I[gG antibody test for CPA diagnosis is shown in Figure 3, and the sensitivity, specificity,
Youden’s index, PPV, and NPV values under different cut-off values are listed in Table 3. In the ROC curve, the area
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Figure 3 The ROC curve of Aspergillus fumigatus-specific IgG antibody test in the diagnosis of CPA.
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Table 3 Sensitivity and Specificity of Aspergillus Fumigatus-Specific IgG Antibody
Test at Different Cut-Offs in the Diagnosis of CPA

Cut-offs (AU/mL) Results

Sensitivity | Specificity | Youden’s index | PPV | NPV
70 0.593 0.674 0.267 0.600 | 0.802
80 0.574 0.750 0.324 0.484 | 0811
87 0.574 0.773 0.347 0.508 | 0.816
100 0.482 0.841 0.323 0.620 | 0.799
120 0.426 0.886 0.312 0.605 | 0.791

Abbreviations: PPV, Positive predictive value; NPV, Negative predictive value.

under the ROC curve (AUROC) was 0.653 (95% CI: 0.580-0.721, p = 0.003), which indicated that the 4. fumigatus-
specific IgG antibody was a valuable marker for CPA diagnostic. The cutoff with the best diagnostic efficacy was 87 AU/
mL, and the sensitivity and specificity were 57.4% and 77.3%, respectively. Youden’s index was 0.347, and the PPV and
NPV were 0.508 and 0.816, respectively, at this cut-off value.

A multivariate linear regression analysis is also performed to explore relationship between IgG antibody levels and
other clinical factors in this study (Table S3). The results revealed IgG antibody levels were related with diagnosis of
CPA, history of lung cancer, expectoration, platelets and albumin. Relatively, there was a significant positive relationship
between specific IgG antibody levels and diagnosis of CPA (B = 0.359, p < 0.001).

Discussion

It is well known that the A. fumigatus-specific IgG antibody test occupies an essential position in the diagnosis of CPA,
while its diagnostic roles in different types of CPA are still uncertain, and few data are available. Therefore, this study
prospectively evaluated the diagnostic value of quantitative A. fumigatus-specific IgG antibody in various types of CPA.

The clinical characteristics of CPA and non-CPA patients in this study were also explored, and there was no
significant difference between the two groups in terms of admission age, sex, or laboratory test results. CPA patients
are prone to have a history of allergies and bronchiectasis, and hemoptysis is more likely to appear in CPA patients.
These results verified that CPA patients were apparently immunocompetent or subtly immunocompromised with prior or
current lung disease from another side.'*'?

Our study further verified that specific IgG antibody tests play an important role in CPA diagnoses, and the result of
multivariate regression analysis also supported this conclusion from another side. Several commercial specific kits are
available for diagnosing CPA. Previous studies indicated that the specificity and sensitivity of 4. fumigatus-specific 1gG
antibody kit varied depending on the manufacturer, and the preferred recommended sensitivities and specificities were
70.0%-90.0% and 82.8%-94.4%, respectively,'>!” In this study, the specificity and sensitivity were lower than pre-
viously published data, which may be related to the sample size. It is also advised that the detection of other biomarkers
such as galactomannan should be performed to improve diagnostic performance. Besides, it was worth mentioning that
the level of specific IgG antibody was significantly higher in the probable than the proven CPA group in our study, which
may be relevant to the missed diagnoses of other types of Aspergillus spp., different subtypes of CPA or sample size, and
the above interesting findings could be deepen explored in the future.

Meanwhile, the cut-off value with the best diagnostic efficacy was 87 AU/mL, and a previous study found that the
baseline A. fumigatus-specific IgG level in an Asian population with an intermediate TB burden could be higher than
expected; thus, the optimal cut-off value of a specific kit in different geographic areas remains indeterminate.'® 2 The
results of our study could deepen our understanding of the optimal cut-off value for this commercial kit, so as to broaden
its application in clinical practice.

There are five subtypes of CPA, and in this study, there was no significant difference in the levels of specific IgG
antibodies among the different types of CPA. However, levels of specific IgG antibody were higher in the CCPA group.
Previously, Sehgal et al found that the sensitivity of a specific IgG antibody was lower in simple aspergilloma compared
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with CCPA.?! Besides, Lee et al reported that A. fumigatus-specific 1gG level was higher in CCPA, CFPA and
aspergilloma compared with CNPA and aspergillus nodule.”> We have spent much more attention on specific I1gG’s
diagnostic efficacy for CPA, but its diagnostic roles in different subtypes of CPA are still uncertain, and this study filled
the subject with more research data, which could add to the understanding of Aspergillus-specific IgG antibody tests
in CPA.

Although Aspergillus-specific IgG antibody test has been fully used in the diagnosis of CPA for years, researchers are still
exploring ways to make the detection steps much more convenient. The above specific antibody tests mainly use the principles
of ELISA, whereas the lateral flow assay (LFA) has been gradually applied to the diagnosis of CPA with point-of-care
detection and limited equipment. LDBio LFA Aspergillus immunochromatographic technology is the only commercially
available LFA for the diagnosis of CPA, which has comparable sensitivity and specificity with ELISA.® Previous studies
showed sensitivities and specificities of LDBio LFA were 73.3%-91.6% and 70.0%-98.0%, for instance, Stucky et al found
sensitivity and specificity for the LDBio Aspergillus immunochromatographic technology in proven CPA patients were 91.6%
and 98.0%, while the routinely used kit of A. fumigatus-specific IgG exhibited 80.5% sensitivity for the same cohort.>

Beyond that, Aspergillus-specific IgG also has potential efficacy in monitoring the therapeutic response for CPA, but
Sehgal et al evaluated the value of Aspergillus-specific IgG, GM, body weight change and pulmonary function in the
follow-up of CPA, which indicated that the change of a specific IgG’s level was not fully consistent with the therapeutic
response, so it still needs more evidence to support a specific IgG’s role in monitoring.’*?’ Meanwhile, researchers have
also attempted to combine a specific [gG antibody with GM in diagnosis, and a previous study found that its combination
could make sensitivity higher in simple aspergilloma.?® Kosmidis et al found that Aspergillus IgG was a predictor of
mortality in CPA.%° Therefore, whether Aspergillus-specific IgG’s diagnostic value in different subtypes of CPA or other
aspects monitor, there are still more applications to discover and verify.

However, this study had some limitations. First, this was a single-center study with a limited sample size, which did
not allow multivariate analysis. Second, the antibody kits used in this study were A. fumigatus-specific antibodies, which
might have caused missed diagnoses of other types of Aspergillus spp. Third, we did not include healthy people as
a control group. Furthermore, it is unclear whether the interference of colonization was completely eliminated. Finally,
some of the correlations mentioned in the text can only provide references, and should be further explored with larger
sample sizes in the future.

Conclusion
Aspergillus-specific IgG antibody is a valuable diagnostic marker for CPA, while its value in differential diagnosis among
different types of CPA is limited.
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