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Abstract
Background  A clear cutoff value of galactomannan (GM) has not been established for chronic pulmonary aspergillosis (CPA) 
and is frequently extrapolated from invasive pulmonary aspergillosis. We performed a systematic review and meta-analysis 
to evaluate the diagnostic performance of serum and bronchoalveolar lavage (BAL) GM, and to propose a cutoff.
Methods  We extracted from the studies the cutoff of serum or/and BAL GM associated with true positives, false positives, 
true negatives, and false negatives. We performed a multi-cutoff model and a non-parametric random effect model. We 
estimated the optimal cutoff and the area under the curve (AUC) for GM in serum and BAL samples.
Results  Nine studies from 1999 to 2021 were included. Overall, the optimal cutoff of serum GM was 0.96 with a sensitivity 
of 0.29 (95%CI: 0.14–0.51); specificity of 0.88 (95%CI: 0.73–0.95); and AUC of 0.529 (with a CI: [0.415–0.682] [0.307–
0.713]). The AUC for the non-parametric ROC model was 0.631. For BAL GM the cutoff was 0.67 with a sensitivity of 0.68 
(95%CI: 0.51–0.82), specificity of 0.84 (95%CI: 0.70–0.92), and AUC of 0.814 (with a CI: [0.696–0.895] [0.733–0.881]). 
The AUC for the non-parametric model was 0.789.
Conclusion  The diagnosis of CPA requires the assessment of a combination of mycological and serological factors, as no 
single serum and/or BAL GM antigen test is adequate. BAL GM performed better than serum, with better sensitivity and 
excellent accuracy.
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Introduction

Aspergillosis is a disease caused by filamentous fungi of the 
genus Aspergillus, which are easily inhaled and deposited 
deep in the lungs leading to a variety of pulmonary syn-
dromes, based on host immune response and the presence 
of lung comorbidities [1]. One of its forms is a progressive 
chronic disease of the lung, called chronic pulmonary asper-
gillosis (CPA) [2, 3].

CPA is a severe fungal infection usually seen in immuno-
competent or mildly immunosuppressed patients with under-
lying structural lung diseases [4, 5]. According to European 
guidelines, CPA is divided into 5 different subtypes: chronic 
cavitary pulmonary aspergillosis, chronic fibrosing pulmo-
nary aspergillosis, simple aspergilloma, Aspergillus nodule, 
and subacute invasive aspergillosis [6]. CPA affects 3 mil-
lion people worldwide and consequently has been recog-
nized as a global burden [7, 8]. Furthermore, contemporary 
series suggest a 50–85% 5-year mortality [9]. In spite of its 
high mortality, CPA is considered a neglected fungal disease 
when compared to invasive pulmonary aspergillosis (IA) [5]. 
Thus, the consolidated knowledge of IA is extrapolated to 
CPA in several situations, such as the diagnostic cutoff of 
galactomannan (GM).

GM is a polysaccharide component of the cell walls of 
Aspergillus spp., which is released during tissue invasion 
by the fungal hyphae [10, 11]. A meta-analysis of GM in 
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bronchoalveolar lavage (BAL) showed a pooled sensitivity 
of 86-97% and pooled specificity of 83-95% with a cutoff of 
1.0 for IA; [12]. while serum GM had a pooled sensitivity 
of 0.48–0.92, and a pooled specificity of 0.85–0.95 in meta-
analyses [13–16].

However, observational studies have shown that the sen-
sitivity and specificity of GM are lower in CPA [10], thus 
the usefulness of GM for CPA remains to be clarified [17]. 
A clear cutoff value has not been established for CPA. [11] 
We performed a systematic review and meta-analysis of 
published studies to evaluate the diagnostic performance of 
serum and BAL GM in CPA, and to propose a cutoff.

Methods

We performed a systematic review strictly following the Pre-
ferred Reporting Items for a Systematic Review and Meta-
analysis (PRISMA) and PRISMA for Diagnostic Test Accu-
racy (PRISMA-DTA) checklist in all phases of this study: 
implementation, analysis, and reporting [18, 19].

Eligibility criteria

We included studies that included patients with CPA, com-
pared with other non-CPA lung diseases or healthy indi-
viduals, regarding the serum and/or BAL value of galac-
tomannan. We excluded case reports, unpublished articles, 
animal studies, and studies without a detailed description of 
sensitivity and specificity.

Search strategy and information sources

We searched PubMed/MEDLINE, Embase, Scopus, and 
Web of Science for published studies using the terms: 
"chronic pulmonary aspergillosis", "CPA", "simple asper-
gilloma", "pulmonary aspergilloma", "lung aspergilloma", 
"pulmonary mycetoma", "lung mycetoma", "simple asper-
gilloma", "complex aspergilloma", "mannans", "antigens, 
fungal", "galactomannan", "GM", "sensitivity", and "speci-
ficity". We did not use any language restriction. The last 
search was on May 12th, 2022. We searched the references 
of the studies for additional records.

Fig. 1   Flow diagram of study 
selectionfor the systematic 
review of  galactomannana-
ntigen testing in serum and 
bronchoalveolar lavage for the 
diagnosis ofchronic pulmonary 
aspergillosis
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Study selection

After duplicate removal, two qualified investigators indepen-
dently evaluated the eligibility of the publications; discrepancies 
were resolved by consensus after discussion. Broad inclusion 
criteria were used for the studies. We first performed an ini-
tial screen of titles and abstracts to assess potential relevance. 
Afterwards, we obtained relevant full-text articles, reevaluated 
their eligibility, and determined their final inclusion or exclusion.

Data extraction

We extracted the following data from the studies, in a pilot-
tested form: author; year of publication; definition of CPA; 
classification of subtypes of CPA; lung disease comparator; 
cutoff of serum or/and BAL galactomannan with associated true 
positives, false positives, true negatives, and false negatives. The 
extraction was done by two investigators, independently.

Quality assessment

We evaluated the risk of bias in all studies using the QUA-
DAS-2 tool, which assessed

patient selection, the index test, the reference standard, 
and the flow and timing.

Statistical analysis

We performed a multi-cutoff model and a non-parametric 
random effect model, using

diagmeta and nsROC packages in R [20, 21]. The first has 
the advantage of presenting an optimal cutoff and the latter 
gives us a closer fit to the observed data. We estimated the 
optimal cutoff and the area under the curve (AUC) for the 
galactomannan in serum and BAL samples.

Results

Included Studies

From a total of 58 unique studies identified using the search 
strategy and assessed in full-text, we included 9 studies in 
our review [10, 11, 22–28]. The characteristics of the studies 
are summarized in Table 1. The PRISMA diagram describ-
ing the selection process is detailed in Figure 1.

Risk of bias

Figure 2 presents the risk of bias of individual studies. 
Regarding patient selection, five studies had consecutive 
sampling, while the others were case-control. A problem 
with the index test in the studies was that the galactomannan 

cutoff was not predetermined. Furthermore, the standard ref-
erence considered was the definition of CPA, which was 
based on the main guidelines. Finally, most studies were 
concerned with collecting galactomannan before starting 
beta-lactams, which can cause false-positives, and antifungal 
treatment, which can cause false-negatives.

Findings

Overall, 1347 participants were included. Publication years 
ranged from 1999 to 2021. Patients were from two conti-
nents: Europe (Germany) and Asia (Japan, South Korea, 
India, and China). The definitions of proven CPA in almost 
all studies were based on the criteria proposed by Denning 
[6, 29]. Regarding the studies that reported the subtypes of 
CPA, chronic cavitary pulmonary aspergillosis was the most 
common. Serum and BAL testing was performed using the 
Platelia Aspergillus enzyme immunoassay (Bio-Rad) in all 
participants.

For GM in the serum, the optimal diagnostic cutoff was 
0.96, with a sensitivity of 0.29 (95%CI: 0.14–0.51), specific-
ity of 0.88 (95%CI: 0.73–0.95), and an AUC of 0.529 (with 
a CI: [0.415–0.682] - confidence region for specificity given 
sensitivity, and [0.307–0.713] - confidence region for sensi-
tivity given specificity). AUC for the non-parametric ROC 
model was 0.631 (Figure 3), which contains a multi-cutoff 
model confidence interval.

The optimal cutoff for BAL GM was 0.67, with a sensitiv-
ity of 0.68 (95%CI: 0.51–0.82), specificity of 0.84 (95%CI: 
0.70–0.92), and an AUC of 0.814 (with a CI: [0.696–0.895] 
- confidence region for sensitivity given specificity, and 
[0.733–0.881] - confidence region for specificity given sen-
sitivity). The AUC for the non-parametric ROC model was 
0.789 (Figure 4), which contains a multi-cutoff model con-
fidence interval.

We performed a sensitivity analysis using only the 
data from studies performed in Asina countries, and we 
observed that the optimal cutoff for BAL GM was 0.79, 
with a sensitivity of 0.70 (95%CI: 0.54–0.82), specificity 
of 0.84 (95%CI: 0.72–0.92), and an AUC of 0.824 (with a 
CI: [0.696–0.895] - confidence region for sensitivity given 
specificity, and [0.752–0.881] - confidence region for speci-
ficity given sensitivity). The AUC for the non-parametric 
ROC model was 0.825. All studies of serum GM were per-
formed in Asia.

Discussion

We evaluated the performance of the GM antigen test in the 
serum and BAL for the diagnosis of CPA. The performance 
of the serum GM antigen test was not acceptable due to low 
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sensitivity and accuracy. However, the BAL GM antigen 
test had better sensitivity and accuracy, with less specificity. 
Overall, galactomannan alone is not an adequate assay for 
diagnosing CPA.

The serum GM antigen test was originally studied and 
approved for use in the diagnosis of invasive aspergillo-
sis, with high sensitivity and specificity at a cut-off of 0.5 
[10]. However, we observed that using this cutoff for CPA, 
sensitivity varied widely 22.6%-77.8%, as did specificity 
(43.1%-90%) [11, 23, 25–27]. This difference in perfor-
mance was to be expected, since CPA and IA are different 
diseases and would probably require different cutoffs.

Already, Shin et al. had recommended that the serum GM 
antigen test not be used for the diagnosis of CPA [23]. In 
fact, the low sensitivity and accuracy we found at the optimal 
cutoff of 0.96 denote that it is not an adequate test. However, 
we found high specificity, which may be useful when used 
as an initial test to confirm CPA, potentially avoiding a more 
invasive investigation with BAL bronchoscopy [25].

BAL-GM performed better than serum GM due to better 
sensitivity and an excellent accuracy, using a cutoff of 
0.67. Compared with serum GM, BAL GM test has higher 
sensitivity but a lower specificity. However, the BAL GM 
test is not as sensitive and specific, for CPA as it is for IA 
[12].

The serum and BAL GM seem to be very limited if used 
alone. Possibly it will be necessary to use a combination of 
methods such as serology and other microbiological assays 
for the diagnosis of CPA. For example, the combination of 
the GM and βDG tests on BAL was more useful than any 
single test for diagnosing CPA [11]. While the serum GM 
when combined with A fumigatus-specific IgG, it adds to 
the diagnostic accuracy of serological tests [25]. Sehgal et 
al. proposed a structured protocol using a serum GM fol-
lowed by BAL GM, when the initial assays with serology 
and sputum culture for Aspergillus were negative [30]. Our 
study reinforces the sequential use of GM described in this 
protocol. Serum GM has high specificity and, if positive 

Fig. 2   Overall quality assessment of studies included in the systematic review of galactomannan antigen testing in serum and bronchoalveolar 
lavage for the diagnosis of chronic pulmonary aspergillosis
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in an adequate clinical setting, confirms CPA. However, a 
negative result of GM does not exclude CPA, and justifies a 
more invasive test, the BAL.

Furthermore, sensitivity depends on the study population 
and the specimen [13]. We observed a difference in cutoff 
and AUC when modifying the analysis to include only Asian 
studies. This disparity may not necessarily reflect ethnic dif-
ferences, but could be caused by different proportion of CPA 
subtypes in the included patients [31].

Our study has limitations. There are few studies of GM 
in CPA. Furthermore, the cutoff values varied widely. In 
addition, the CPA subtypes also varied in the studies which 
could have affected performance, especially in the subtypes 
with extensive involvement of the lung parenchyma, such 
as chronic fibrosing pulmonary aspergillosis and subacute 
invasive aspergillosis. Moreover, there was an imbalance in 
the study population only for BAL GM, as one study from 
Germany and eight studies from Asia were included. How-
ever, to our knowledge this is the first systematic review and 
meta-analysis on the subject.

Conclusion

Galactomannan antigen testing in CPA does not have the 
same diagnostic accuracy as in IA, and should not use the 
same cutoffs. It is apparent that no single serum and BAL 
GM antigen test is adequate. The optimal cutoff of serum 
GM was 0.96, with high specificity. BAL GM may be of 
potential use for the diagnosis of CPA using the cutoff of 
0.67 with better sensitivity and an excellent accuracy when 
compared with serum GM.
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