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Abstract 41 
 42 
Objectives  43 
To evaluate the performance of Aspergillus-specific IgG antibodies for diagnosing chronic pulmonary 44 
aspergillosis (CPA) by using a cohort of patients with histologically proven CPA as a reference gold 45 
standard.  46 
 47 
Methods 48 
We collected Aspergillus-specific IgG antibody titres from histologically proven CPA patients in 49 
collaboration with CPAnet study sites in Denmark, Germany, Belgium, India, Moldova, and Pakistan 50 
(N=47). Additionally, sera from diseased- and healthy controls were prospectively collected at the 51 
Medical Clinic of the Research Center Borstel, Germany (n=303). Aspergillus-specific IgG antibody 52 
titres were measured by the ImmunoCAP® assay (Phadia 100, Thermo Fisher Scientific, Uppsala, 53 
Sweden). An Aspergillus-specific IgG antibody titre ≥50 mgA/L was considered positive. 54 
 55 
Results 56 
Using histologically proven CPA patients as the reference standard, the ImmunoCAP® Aspergillus 57 
specific IgG antibody test had a sensitivity and specificity of 85.1% (95-% CI: 71.7 - 93.8%) and 83.6% 58 
(95-% CI: 78.0 – 88.3%) respectively. Patients with histologically proven CPA had significantly higher 59 
Aspergillus-specific IgG antibody titre with a median of 83.45 mgA/L (IQR 38.9-115.5) than all other 60 
cohorts (p<0.001). False-positive test results occurred in one-third of 79 healthy controls. 61 
 62 
Discussion 63 
Our study results confirm a high sensitivity of the Aspergillus-specific IgG antibody test for the 64 
diagnosis of CPA when using histologically proven CPA patients as a reference standard. However, 65 
positive test results should always match radiological findings as false-positive test results limit the 66 
interpretation of the test.  67 
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Introduction 68 
Chronic pulmonary aspergillosis is a severe fungal infection due to moulds of the Aspergillus species 69 
complicating other respiratory diseases. Morbidity is high with a 5-year mortality of up to 80% [1, 2]. 70 
The estimated incidence is 22 cases per 100,000, ranging between 1.4 and 127 cases per 100,000 71 
depending on the regional prevalence of predisposing respiratory diseases, particularly pulmonary 72 
tuberculosis [3, 4].  CPA is usually seen in immunocompetent or ‘subtle immunodeficient’ individuals 73 
with underlying respiratory diseases [5]. Any devastation of the lung parenchyma such as residual 74 
cavities after pulmonary mycobacterial infection or emphysema and bronchiectasis in patients with 75 
chronic obstructive pulmonary disease is a risk factor for developing CPA [1, 6].  76 
 77 
The diagnosis of CPA needs compatible imaging, proof of mycological evidence, a chronic course of 78 
the disease >3 month, and exclusion of alternative diagnosis [7, 8]. A bronchoscopy for the detection 79 
of Aspergillus species from lower respiratory tract samples is resource-intensive, it needs a 80 
risk/benefit evaluation, and it is often unavailable, particularly in resource-constraint settings. In 81 
contrast, detection of Aspergillus-specific IgG antibodies from blood is simple, inexpensive, and can 82 
be applied to most settings [9]. Previous studies reported a high sensitivity and specificity of up to 83 
93% and 99% respectively, depending on the manufacturer and the cut-off used [7, 10, 11]. However, 84 
the performance evaluations of Aspergillus-specific IgG antibody assays have never included 85 
histologically proven CPA patients as a reference gold standard to ensure an accurate diagnosis.  86 
 87 
We aimed to evaluate the performance of Aspergillus-specific IgG antibodies for diagnosing CPA by 88 
using a cohort of patients with histologically proven CPA as a reference standard. The results were 89 
compared to larger groups of diseased controls, including patients with pulmonary tuberculosis 90 
(PTB), and patients with other respiratory diseases (ORD), and healthy controls.  91 
 92 
Methods 93 
We defined histologically proven CPA as the detection of hyphae in lung tissue (histopathologic, 94 
cytopathologic, or direct microscopic) obtained by needle aspiration or biopsy [12]. We collected 95 
Aspergillus fumigatus-specific IgG antibody titres from histologically proven CPA patients in 96 
collaboration with CPAnet study sites in Denmark (patients included; n=20), Germany (n=10), 97 
Belgium (n=8), India (n=6), Moldova (n=2), and Pakistan (n=1). We also prospectively collected sera 98 
from diseased- (high- and moderate CPA risk) and healthy- controls (low CPA risk) at the Medical 99 
Clinic of the Research Center Borstel, Germany (n=303). Diseased controls included a cohort of 100 
patients with PTB (high CPA risk) and a cohort of ORD (moderate CPA risk) defined as all other 101 
respiratory diseases than CPA and PTB. Healthy controls had no medical history of any respiratory- or 102 
allergic disease, respectively. Aspergillus-specific IgG antibody titres were measured by the 103 
ImmunoCAP® assay (Phadia 100, Thermo Fisher Scientific, Uppsala, Sweden). An Aspergillus-specific 104 
IgG antibody titre ≥50 mgA/L was considered positive as recommended by previous publications [11]. 105 
 106 
We used Kruskal-Wallis Test and Chi-squared tests to compare the continuous and categorical 107 
variables between the groups. Receiver operating characteristics (ROC) curve analyses were 108 
performed comparing results in histologically proven CPA patients with each control group. A cut-off 109 
of 50 mgA/L was used for the analysis of sensitivity and specificity, while the exact Aspergillus-110 
specific IgG antibody levels were used for the ROC curve and determination of the optimal cut-off. 111 
For patients with PTB, additional clinical parameters were tested for their influence on the 112 
Aspergillus-specific IgG antibody level using Pearson’s correlation analysis. The study protocol was 113 
approved by the Ethics Committee of the University of Luebeck, Germany (approval number, 17-114 
160). 115 
 116 
Results 117 
We enrolled 340 patients, including 110 patients with PTB, 104 patients with ORD, 47 patients with 118 
histologically proven CPA, and 79 healthy controls. Among these patients, 64% were men. CPA 119 
subtypes included 30 patients with a chronic cavitary pulmonary aspergillosis, eight patients with a 120 
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single aspergilloma, seven patients with aspergillus nodules, while two patients were not classified. 121 
Patients with PTB were significantly younger (median 39 years, interquartile range (IQR) 28-52) 122 
compared to patients with ORD (median 70, IQR 62-77), and patients with histologically proven CPA 123 
(median 58, IQR 47-69) (p<0.001).  124 
 125 
The median Aspergillus-specific IgG antibody titre was 22.3 mg/l (IQR 8.5-43.1), 19.3 mgA/L (IQR 9.0-126 
35.3), and 26.2 mgA/L (IQR 16.0-62.7) in patients with PTB, with ORD, and in healthy controls, 127 
respectively. Patients with histologically proven CPA had significantly higher Aspergillus-specific IgG 128 
antibody titre with a median of 83.45 mgA/L (IQR 38.9-115.5) than all other cohorts (p<0.001).  129 
 130 
Forty out of 47 patients with histologically proven CPA (85%) had an Aspergillus-specific IgG antibody 131 
titer >50 mgA/L, while seven (14.9%) patients had a negative test result. The frequency of positive 132 
test results was significantly lower in the diseased and the healthy controls including 24/110 (22%) of 133 
patients with PTB, 11/104 (11%) of patients with ORD, and 25/79 (31.6%) of healthy controls 134 
(p<0.001). Weight correlated indirectly with Aspergillus-specific IgG antibody score in PTB patients 135 
(r=-0.27). Smokers had a lower Aspergillus-specific IgG antibody score (r=-0.41), whereas dyspnea 136 
(r=0.35) and COPD Assessment Test (CAT) score (r=0.21) correlated directly with Aspergillus-specific 137 
IgG antibody.       138 
 139 
Using histologically proven CPA patients as the reference standard, the ImmunoCAP® Aspergillus-140 
specific IgG antibody test had a sensitivity and specificity of 85.1% ( 95-% CI: 71.7 - 93.8%) and 83.6% 141 
(95-% CI: 78.0 – 88.3%,)respectively. The performance of a ROC analysis revealed an optimal cut-off 142 
of Aspergillus-specific IgG antibody titer of 58 mgA/L (Fig. 1). Under the assumption of a prevalence 143 
of CPA of 5 per 100.000 hospitalized patients from Western Europe the positive and negative 144 
predictive values of the ImmunoCAP® Aspergillus-specific IgG antibody test would be 21.5% and 145 
99.0%, respectively [1].   146 
 147 
Discussion 148 
The present data support previous study results showing a high sensitivity of the Aspergillus-specific 149 
IgG antibody test to prove mycological evidence in CPA. It contributes substantially to a better 150 
understanding since performance evaluations of Aspergillus-specific IgG antibody assays have never 151 
included histologically proven CPA patients as a reference standard so far. This was repeatedly 152 
supposed to be a possible limitation of previous studies influencing sensitivity and specificity. 153 
However, even in this unique cohort of histology-confirmed CPA patients, 15% of patients were not 154 
identified by the Aspergillus-specific IgG antibody test. The possible reasons might be an 155 
immunologically controlled aspergilloma, encapsulated lesion that is not accessible by the host 156 
immune system. Also, the use of antifungals or any severe immunosuppression may affect the 157 
Aspergillus-specific IgG titre (6/47 received antifungal treatment at the time of CPA diagnosis). 158 
 159 
Interestingly, the Aspergillus-specific IgG antibody test showed a false-positive test result in one-third 160 
of healthy controls in our study. The specificity contrasts with previous publications reporting almost 161 
no false positive test results in their healthy control groups [11]. We expected to see some false 162 
positive test results in healthy controls since IgG antibodies reflect an immunological long-term 163 
memory and exposure to aspergillus spores is frequent; however, we were surprised by the order of 164 
magnitude of false-positive test results, which substantially limits the clinical value for the application 165 
of this test in clinical practice. Risk factors for false-positive test results in healthy controls, such as 166 
allergies or asthma, could not be identified. The test performance of the Aspergillus-specific IgG 167 
antibody test for the diagnosis of CPA was optimal at a cut-off of 58 mgA/L with loss in sensitivity at 168 
higher cut-offs. However, calculated cut-off values always refer to the patient cohorts used in the 169 
respective study depending on Aspergillus-specific IgG antibody levels, severity of disease, 170 
distribution of CPA subtypes and characteristics of controls [13]. Exploring population specific cut-off 171 
values respecting differences in sex, age, immune status, CPA subtype, or geographical distribution 172 
could help to harmonize cut-off values. 173 
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 174 
Our study has some limitations. 1) data of histologically proven CPA patients were collected 175 
retrospectively. 2), patient characteristics including the CPA subtype, disease severity or antifungal 176 
treatment differed between study sites. 3) information of the specific Aspergillus species was not 177 
available for every CPA patient, which could possibly influence the test performance in case of a high 178 
number of non-Aspergillus fumigatus species. 4) we had no cohort of patients suspected of CPA. So, 179 
calculation of negative and positive predictive values was not directly possible. To provide an 180 
exemplary sensitivity analyses we used data from a large French cohort study [1] where a CPA 181 
prevalence of 5/100 000 hospital admissions was found to calculate PPVs and NPVs. These values are 182 
not representative for other populations and other geographic regions with a different CPA burden. 183 
 184 
Positive Aspergillus-specific IgG antibody titre are also frequently reported in patients with PTB or 185 
with post tuberculosis lung disease. Reasons might be a higher rate of Aspergillus colonization due to 186 
structural lung damage, but also high rates of CPA infections. In a recent publication by Lakoh and 187 
colleagues the authors suggested that CPA probably is the most common tuberculosis misdiagnosis, 188 
while 37% of PTB patients were just clinically diagnosed as reported in the World Health Organization 189 
Global Tuberculosis Report 2022 [14, 15].  190 
 191 
In conclusion, our study results confirm a high sensitivity of the Aspergillus-specific IgG antibody test 192 
for the diagnosis of CPA when using histologically proven CPA patients as a reference standard, 193 
however positive test results should be interpreted with caution and should match radiological 194 
findings as a high-rate of false-positive test results limit the interpretation of the test.  195 
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Fig. 1 Receiver operating characteristics (ROC) curve analyses were performed comparing results in 222 
histologically proven CPA patients with groups of diseased controls, including patients with 223 
pulmonary tuberculosis, patients with other respiratory diseases (ORD), and healthy controls.  224 
AUC, area under the curve; CPA, chronic pulmonary aspergillosis; HC, healthy controls; TB, 225 
tuberculosis; TOD, to other diseases. 226 
 227 

228 
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