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Abstract
Aspergillosis presents in various clinical forms, among them chronic pulmonary aspergillosis, which is a spectrum of disease entities including aspergilloma, chronic cavitary pulmonary aspergillosis, and chronic fibrosing pulmonary aspergillosis. Aspergillus
also contributes to fungal allergy and sensitization. Analysis of the immune response to
Aspergillus and its antigens is an integral part of the diagnosis of these diseases. Over
the past half century, the techniques used to determine antibody titers have evolved from
testing for precipitating and agglutinating antibodies by agar gel double diffusion and
immunolectrophoresis to enzyme-linked immunosorbent assays using recombinant proteins as capture antigens. A resurgence of interest in the detection of immunoglobulins,
primarily Aspergillus-specific IgG, has hinted at the possibility of distinguishing between
colonization and invasion in immunocompromised patients with invasive aspergillosis.
Even though there appears to be a greater degree of discrimination between the clinical
forms of aspergillosis there is still a long way to travel. This review presents illustrative
examples of where new diagnostic platforms and technologies have been applied to this
intriguing spectrum of diseases.
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Introduction
Some Aspergillus species, most commonly Aspergillus
fumigatus, may lead to a variety of allergic reactions and
life-threatening systemic infections. Invasive aspergillosis
occurs primarily in patients with severe immunodeficiency,
and has dramatically increased in recent years.
Measuring Aspergillus-specific antibodies is an important part of the diagnostic pathway for allergic bronchopulmonary aspergillosis (ABPA) and chronic pulmonary aspergillosis (CPA). These infections are likely to represent
48

a major public health issue on a global scale as 20–35%
of patients develop Aspergillus-specific antibodies following tuberculosis treatment, and 63% of these develop pulmonary aspergillosis within 3 years.1 The global 5-year period prevalence of (CPA) secondary to tuberculosis has been
estimated to be between 0.8 and 1.37 million cases, with for
example, 43 cases per 100,000 population estimated to occur in Congo, which has a high prevalence of tuberculosis.
Detection of specific antibodies provides key diagnostic
evidence in chronic forms of aspergillosis. The evidence
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to support the use of Aspergillus serology in diagnosing
invasive aspergillosis is limited. There are numerous
techniques for quantifying antibodies but most of these are
not suitable for use in developing countries with limited
laboratory resources and trained personnel, reviewed by
Page and colleagues.2

All serological tests have their limitations and the reliability
of individual serodiagnostic tests as indicators of disease
varies appreciably. Causes for this variation include the
large numbers of antigens produced by the fungal cell, the
widespread occurrence of cross-reactions between related
and at times, unrelated pathogenic species and the paucity
of accepted reference reagents and standard procedures.
Moreover, antibody formation may be delayed, reduced or
absent in patients with defective immune systems. In fulminant or early stages of infection, soluble antigens rather than
antibodies maybe present in serum and other body fluids,
and tests for circulating antigen can therefore provide valuable supportive evidence for infections with opportunistic
mycoses. This present review focuses on serology, that is,
the expression of the immune system to Aspergillus.
Precipitin tests were first described in the 1950s and
1960s following the introduction of the Ouchterlony double diffusion method.3,4 It was demonstrated that the numerous variations of this test could detect elevated levels
(titres) of Aspergillus antibody in various manifestations
of aspergillosis. Crude antigen extracts, typically prepared
from conidia and hyphae were used.
Indirect hemagglutination as a method for detecting
Aspergillus-specific agglutinins was first described in 1974.5
Hemagglutination tests involve coating erythrocytes with
antigens. Erythrocytes clump together when antibodies
cross-react with antigens on more than one cell and become visible to the human eye. The method also detects
all Aspergillus antibody types. Its simplicity and speed
(∼2 hours) and commercial production make it highly
suited for epidemiological and prevalence studies in low
and middle resource countries. A study described by Tönder
and Rodsaether showed that when 441 sera were analyzed
there was good correlation between high titres and presence
of aspergillosis.5 Titers above 128 were highly indicative of
active disease. However, based on our personal experience
the results from this assay can be highly subjective.
Enzyme-linked immunosorbent assay (ELISA) platforms
for the detection of Aspergillus immunoglobulin classes
were first developed in the 1980s. Many commercial products are currently available and have provided a wealth of
information on host antibody responses to Aspergillus.

Aspergillus antigens old and new
Aspergillus has a complex cytoplasmic organization, an
impressive array of morphological expression, and a remarkable diverse and adaptable metabolism. The fungus
is able invade tissue following inhalation. Aspergillus is
angiotropic. Hyphal fragments adhere to endothelial cells
and secrete a variety of enzymes that assist in further tissue invasion and acquisition of nutrients. During germination, colonization, and invasion, Aspergillus must respond
and adapt to diverse types of stressors, nitrogen and oxygen deprivation, and effector cells.6 Many cellular and extracellular products are immunogenic, and antibodies are
readily formed by immunocompetent patients infected with
Aspergillus.
The quality of crude extracts for diagnosis and therapy
is very unsatisfactory in case of fungal extracts. Currently,
the quality of mould extracts varies dramatically between
commercial suppliers in Europe and the USA since no standardized extracts are available, reviewed in.7 The reasons
for the insufficient quality are manifold. On the one hand,
crude extracts from different fungi have been shown to vary
considerably in their protein composition. These problems
are caused by variations between strains and batch-to-batch
variations. Additionally, mould extracts may be produced
from mycelial cells and/or spores, which may vary in their
protein pattern. On the other hand, growth conditions, protein extraction methods and storage conditions are critical
with respect to the quantity and even existence of individual antigens. Finally, degradation of the extracted proteins
may occur.
To some extent, the problems with fungal extracts may
be overcome by the use of recombinant antigens. The major advantages of recombinant proteins over crude fungal
extracts are threefold. First, the protein preparations are
reproducible. Second, the production of large quantities of
pure proteins is possible. Third, using recombinant allergens, it is possible to differentiate among co-exposure, cosensitization, and cross-reactivity.
Over the years, diagnostic studies have compared recombinant fungal proteins and crude mould extracts with
respect to their negative and positive predictability of mould
sensitization and disease. For A. fumigatus, a large number
of antigens have been published. Since A. fumigatus is particularly known for its broad spectrum of human disorders,
many researchers have aimed to find a link between a given
disease and the patients’ reactivity pattern to individual recombinant allergens. Individual recombinant allergens can
be used to discriminate between ABPA (Asp f 2, Asp f 4, and
Asp f 6) and fungal allergy (Asp f 1 and Asp f 3).8, 9 However, attempts to reproduce this have not been particularly
successful.2
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Recombinant proteins
A comprehensive evaluation of putative diagnostic antigens
of A. fumigatus was performed by Sarfati and colleagues.11
Eight recombinant proteins and purified galactomannan
were tested by ELISA to quantify the anti-Aspergillus antibodies in sera of patients with aspergilloma, ABPA, and
invasive aspergillosis. In spite of the variability observed
in the immune responses of individual patients, quantification of the antibody titers against the 18-kDa ribonuclease (RNU), the 360-kDa catalase (CAT), and the 88-kDa
dipeptidylpeptidase V (DPPV) was useful for the diagnosis
of aspergilloma and ABPA. Differential diagnosis of ABPA
was even possible among cystic fibrosis as well as non–
cystic fibrosis patients. In the group of immunocompromised patients with IA, no antibody response was mounted
in response to the Aspergillus infection in any of the patients. Interestingly, about half of the patients with proven
IA, when tested on admission to hospital, had high titers
of Aspergillus-specific antibodies, suggesting that they were
previously colonized or infected. The authors suggest that
recombinant RNU, CAT, and DPPV have potential in the
serodiagnosis of all forms of aspergillosis in the immunocompromised and immunocompetent patient.

Chitosanase CsnB
Another Aspergillus secreted protein that has attracted attention as a potential antigen for antibody-based diagnostics is chitosanase CsnB. To analyze the biological function of CsnB Beck and colleagues deleted the csnB gene
and generated CsnB-specific antibodies.12 It was found that
A. fumigatus was able to grow on chitosan in a CsnBdependent manner. During growth on chitosan, elevated
levels of CsnB were found in the supernatants indicating
that chitosan triggers enhanced CsnB production. Using recombinant proteins, antibody responses in patients at risk
to develop invasive aspergillosis were analyzed. The study
focused on two antigens: CsnB and for comparison, mitogillin. IgG responses were found to both proteins, but
elevated antibody levels to CsnB and/or mitogillin showed
no correlation to the results of the galactomannan antigen
assay or clinical signs that are characteristic for Aspergillus
infections.

Antibody detection in different diseases
The clinical manifestations of aspergillosis vary and can be
divided into three main categories, according to the location
and extent of colonization and invasion (both of which are
influenced by the fungal virulence and immune response
of the host); these are (1) allergic reactions, (2) chronic
pulmonary aspergillosis, and (3) invasive aspergillosis.13
Serological tests can be of great value as diagnostic aids
in many of the clinical manifestations of aspergillosis.14 All
serological tests have their limitations. The most recent developments in designing assays for Aspergillus antibodies,
or new studies using established techniques, in chronic and
invasive disease are presented below.
Chronic pulmonary aspergillosis and allergic bronchopulmonary aspergillosis
Chronic pulmonary aspergillosis (CPA) is estimated to affect 3 million persons worldwide.13 Aspergillus-specific IgG
is a key component in CPA diagnosis. CPA usually occurs in
patients with underlying pulmonary disease, and the lesion
usually progresses latently. Therefore, it is not uncommon
for patients to present with hemoptysis and/or respiratory
failure. CPA is considered to be one of the most refractory
pulmonary infectious diseases; the estimated 5-year survival
for CPA ranges from 50–85%, which is similar to that of
idiopathic pulmonary fibrosis. Long-term clinical stability
can, however be achieved with azole therapy15 and surgical
cure is possible in selected cases. 16
As Aspergillus is the causative agent, isolation of the
responsible Aspergillus species from the airway tract has a
role in diagnosis and is essential to identify drug resistance,
but unfortunately the rate of isolation on sputum culture
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Mitogillin as a candidate antigen for antibody detection
During infection, A. fumigatus secretes an 18-kDa protein
that can be detected as an immunodominant antigen in the
urine of infected patients. In 2001 Weig and colleagues
showed that this protein was mitogillin, a ribotoxin that
cleaves a single phosphodiester bond of the 29S rRNA of
eukaryotic ribosomes.10 The immunogenic capacity of mitogillin in a rabbit animal model was demonstrated, indicating its usefulness as an antigen for serological diagnosis of invasive aspergillosis. An ELISA for detection of
immunoglobulin G (IgG), immunoglobulin M (IgM), and
immunoglobulin A (IgA) antibodies to recombinant mitogillin was developed. In serum samples of patients with
an aspergilloma (n = 32), invasive pulmonary aspergillosis
(IPA) (n = 42), or invasive disseminated aspergillosis (n =
40), a good correlation between production of IgG antibody
against mitogillin and clinical disease was observed (for patients with aspergilloma, 100% were positive; for patients
with IPA, 64% were positive; for patients with invasive
disseminated aspergillosis, 60% were positive). In contrast,
positive titers for serum IgG and IgM antibodies against
mitogillin were found in only 1.3% of the serum samples
of healthy volunteers and positive titres for IgA antibody
were found in only 1.0% of the serum samples of healthy
volunteers (n = 307; specificity = 95.4%). These results
suggested that recombinant mitogillin could be used for the
serodiagnosis of A. fumigatus-associated diseases.
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Table 1. Evaluation of ELISA platforms compared with agar gel double diffusion (precipitin test) in the serological diagnosis of
chronic pulmonary aspergillosis (based on reference18 ).
Assay

Optimal diagnostic cut-offs

Sensitivity (%)

Specificity (%)

0.996
0.991
0.973
0.918
0.902
NA

20
10
35
65 AU/ml
20 AU/ml
NA

96
96
90
77
75
59

98
98
98
97
99
100

Receiver operator curve—the accuracy of the test depends on how well the test separates the patient group being tested into those with and without disease. The
accuracy of each assay is shown by the area under the ROC curve (the AUC). An area of 1 represents a perfect test; an area of 0.5 represents a worthless test.

examination is relatively low with current standard culture
techniques. At present, serum detection of IgG antibodies
to Aspergillus is considered to be the most reliable method
for diagnosing CPA.17,18
Allergic bronchopulmonary aspergillosis (ABPA) is a
rare disease characterized by an allergic inflammatory response to the colonization by aspergillus or other fungi in
the airways. It is estimated that ABPA complicates around
7–14% of cases of asthma.12 ABPA should be ruled out in
every case of uncontrolled asthma. Diagnostic criteria for
ABPA include the presence of bronchial asthma, immediate skin test reactivity to A. fumigatus, elevated serum IgE
levels, total and A. fumigatus-specific, pulmonary infiltrates
(transient or fixed), central bronchiectasis, peripheral blood
eosinophilia, and elevated levels of total and Aspergillusspecific IgE.15
Diffusion of antibodies and antigens in an agarose gel is
widely used to detect Aspergillus precipitins; however, this
technique can take up to one week to obtain results and
lacks sensitivity. A study designed to establish the optimal
diagnostic cut offs for CPA by comparing the performance
of six serological assays, including precipitin testing, has
been reported by Page and colleagues.18 Sera from 241 patients with CPA and 100 healthy blood donors were tested
using five Aspergillus-specific IgG assays plus precipitin testing using cytoplasmic and culture filtrate Aspergillus antigens. Receiver operating characteristic (ROC) curve area
under the curve (AUC) results comparing British CPA cases
to healthy young adult Ugandan controls are shown in
Table 1. The best performance was seen with the ImmunoCAP and Immulite platforms.
In a retrospective study Fujiuchi and colleagues evaluated the clinical utility of the ImmunoCAP assay for diagnosing CPA. Aspergillus-specific IgG levels in patients
who met the following criteria were included: (1) chronic
(duration of > 3 months) pulmonary or systemic symptoms,
(2) radiological evidence of a progressive (over months
or years) pulmonary lesion with surrounding inflammation, and (3) no major discernible immunocompromis-

ing factors.19 Anti-Aspergillus IgG serum levels were retrospectively analyzed according to defined classifications.
Mean Aspergillus IgG levels were significantly higher in the
proven group than those in the possible and control groups
(P < .01). Receiver operating characteristic curve analysis
revealed that the Aspergillus IgG cutoff value for diagnosing
proven cases was 50 mg of antigen-specific antibodies/liter.
The sensitivity and specificity for diagnosing proven cases
using this cutoff were 0.77 and 0.78, respectively. The positive rates of Aspergillus IgG in the proven and possible
groups were 97.9% and 39.2%, respectively, whereas that
of the control group was 6.6%. These two studies confirms
that the ImmunoCAP and Immulite assays for Aspergillus
IgG offer reliable sensitivity and specificity for diagnosing
chronic pulmonary aspergillosis and are superior to the conventional precipitin test in this context.
A number of studies have compared a number of difference serological techniques by analyzing sera from both
chronic pulmonary aspergillosis and allergic disease caused
by Aspergillosis. Baxter and colleagues assessed the performance of two commercial EIAs compared with counterimmunoelectrophoresis (CIE).20 In a prospective cohort study
of 175 adult patients with chronic or allergic pulmonary
aspergillosis, Aspergillus IgG antibodies were detected using CIE, Phadia ImmunoCap Aspergillus IgG and Bio-Rad
Platelia Aspergillus IgG. Inter-assay reproducibility was determined for each method and 25 patients had two serum
samples analyzed within a 6-month interval. When compared with CIE, both ImmunoCap and Platelia Aspergillus
IgG had good sensitivity for detection of Aspergillus IgG
antibodies. The level of agreement between the two EIAs
for positive results was good, but the concentration of antibodies was not correlated between the tests or with CIE
titer. The direction of CIE titer change over six months was
mirrored by ImmunoCap IgG levels in 92% of patients, and
by Platelia IgG in 72% of patients. The authors concluded
that both ImmunoCap and Platelia Aspergillus IgG EIAs are
sensitive measures of Aspergillus IgG antibodies compared
with CIE. However, ImmunoCap appears to have better
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reproducibility and may be more suitable for monitoring
patient disease. This concurs with previous studies.
The performance of a new commercial enzyme immunoassay for Aspergillus IgG (Bordier Affinity Products)
compared with that of the Platelia Aspergillus IgG (BioRad Laboratories, France) and Virion\Serion Aspergillus
fumigatus IgG assays has recently been reported by Dumollard and colleagues.21 This assay utilizes two recombinant antigens that share features with traditional somatic
and metabolic antigens of Aspergillus fumigatus. The study
showed that the use of recombinant, somatic, and metabolic
antigens in a single EIA improved the balance of sensitivity
and specificity, resulting in an assay highly suitable for use
in the diagnosis of chronic and allergic aspergillosis.
Notwithstanding the promising development of new
serological tests the diagnosis of allergic and chronic
forms of pulmonary aspergillosis currently relies on wellestablished assays for Aspergillus IgG and IgE, in conjunction with clinical parameters (Fig. 1).
Serological diagnosis of allergic bronchopulmonary aspergillosis (ABPA) in cystic fibrosis
Allergic bronchopulmonary aspergillosis (ABPA) is seen in
approximately 10% of patients with cystic fibrosis (CF)
and can be difficult to diagnose.22 Consensus criteria require the presence of multiple elevated immunologic markers such as total immunoglobulin E (IgE), Aspergillus IgE
and Aspergillus IgG, or precipitins for a definitive diagnosis.22 There is some degree of standardization of total IgE

and Aspergillus IgE levels, but there is no standardization
in the measurement of IgG antibodies or precipitins to Aspergillus. The interpretation of results may, therefore, be
confusing. Barton and colleagues conducted a two-stage
analysis to explore these issues further.22 Eighty-seven patients with CF were categorized as having ABPA or as controls and an in-house enzyme immunoassay was used to
measure IgG levels to Aspergillus. All sera from these patients were then analyzed using the Phadia/ThermoScientific
ImmunoCap assay for the quantitative detection of antiAspergillus IgG. ImmunoCap results were analyzed against
the consensus conference minimum diagnostic criteria to
ascertain a cutoff point, which could predict a diagnosis of
ABPA in CF. Eighty patients with CF and with no or incomplete evidence of ABPA had a mean ImmunoCap score
of 51.1 mg/l, whereas seven CF patients with ABPA had a
mean ImmunoCap score of 132.5 mg/l. This analysis provisionally suggested that a score of 90 mg/L may be used as
a cutoff point, which would give a sensitivity of 91% and
specificity of 88.0% for the diagnosis of ABPA, though this
requires further validation.
Serological differentiation between ABPA and allergic bronchopulmonary mycoses
Allergic bronchopulmonary mycosis (ABPM) is a
hypersensitivity-mediated disease of the lower airways
caused by environmental fungi, the most common being Aspergillus fumigatus, reviewed.23 Other etiologic
agents include Candida albicans, Schizophyllum commune,
species of Alternaria, Bipolaris, Cladosporium, Curvularia,
Fusarium, Penicillium, Pseudallescheria, Rhizopus, Saccharomyces, Stemphylium, and Trichosporon. While ABPA has
been extensively studied worldwide, little is known about
ABPM and how this differs from ABPA.
A recent publication by Fukutomi and colleagues addresses the specific issue that the presence of IgE to A. fumigatus does not always indicate genuine sensitization to
A. fumigatus because of cross-reactivity between crude extracts from different fungal sources.24 The authors found
that the specificity of testing could be greatly improved by
measuring IgE to Asp f 1 and f 2, specific allergen components to detect genuine A. fumigatus allergy. It is also recognized that the problem of cross-reactivity between crude
fungal extracts is also true for the identification of genuine
causal fungi in individual ABPM patients. Some patients
with ABPM induced by fungi other than Aspergillus may
be consistent with ABPA diagnostic criteria because current criteria depend on IgE/IgG reactivity to crude extracts.
Accurate identification of genuine causal fungi for ABPM
is of clinical importance, considering that clinical presentation, anti-fungal treatment strategies and disease prognosis
can be influenced by different causal fungi. The diagnosis
of causal fungi can be robustly validated by the confirma-
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Figure 1. The combination of serological and clinical parameters in the
diagnosis of allergic bronchopulmonary aspergillosis and chronic pulmonary aspergillosis
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tion of genuine sensitization to fungi after measuring IgE to
specific allergen components, as well as repeated microbiological isolation of the fungi from their airway.

monary aspergillosis, 10 of aspergilloma, and 32 of allergic
bronchopulmonary aspergillosis. For blood donor controls,
the Western blot kit specificity was 94%, while the kit displayed a sensitivity for Aspergillus disease of 88.6%. The
study demonstrated that the Aspergillus Western blot kit
performed well for the diagnosis of various clinical presentations of aspergillosis in nonimmunocompromised patients, with an enhanced standardization and a higher sensitivity compared with precipitin testing. Whether the Western blot IgG kit is suitable for resource limited environments
remains to be seen.

Invasive aspergillosis
The clinical significance of Aspergillus antibody assays for
the diagnosis of invasive of aspergillosis (IA) is still unclear
even though numerous studies have addressed this issue
over the past decades.25 Some of the more recent studies
are reviewed here.
A study reported from two Lisbon hospitals enrolled a
total of 89 patients at risk for, or with invasive aspergillosis (IA) and followed for two and half years to monitor
their immune response.26 Of these patients, six developed
probable IA; five died. The presence of serum IgG or IgA
antibodies against seven Aspergillus recombinant antigens
was assessed in patients with IA by an ELISA. In parallel,
the serum levels of galactomannan (GM) were also monitored, Superoxide dismutase and a 94 kDa antigen were the
most immunogenic for IgA, while the IgG pattern of recognition changed from patient to patient. It was concluded
that although follow-up of antibodies against these antigens should not be used as a diagnostic method, patients
with IA do produce an immune response that may influence
disease outcome.
Du and colleagues explored further the utility of
Aspergillus-specific antibody detection in IA by measuring
baseline serum immunoglobulin responses against six purified recombinant A. fumigatus proteins (Enolase, Ahp1,
Hsp90, Crf1, Cdc37, Pep2) before hematopoietic stem cell
transplantation (HSCT) or chemotherapy in 73 subjects,
including 19 patients who subsequently developed proven
or probable IA and 54 uninfected controls.27 Immunoglobulin levels were assessed at the time of diagnosis of IA and
four weeks later (acute and convalescent sera, respectively).
Baseline IgG responses against the majority of these antigens were significantly higher in the patients with IA compared with controls. Positive IgG responses against Hsp90,
Pep2, Crf1, and Cdc37 were specifically associated with
early-onset IA (<40 days) rather than late-onset IA. Increased IgG concentrations against Hsp90, Pep2, and Crf1
in convalescent sera versus baseline sera were more likely in
the patients with IA who survived. IgG responses in acute
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Evaluation of new assays for the serological diagnosis
of chronic pulmonary and allergic bronchopulmonary aspergillosis
There are numerous EIA formats for quantifying antibodies, but these are not suitable for use in developing countries
with limited laboratory resources.
A recent study compared the efficacy of a commercially
available indirect hemagglutination assay designed to detect
Aspergillus agglutinating antibodies (ELI.H.A. Aspergillus
indirect hemagglutination, ELITech MICROBIO, Signes,
France), with an agar double diffusion system used for the
detection of Aspergillus precipitins in patients with CPA
(Richardson MD, Page ID, Rautemaa-Richardson RMK,
et al. Detection of Aspergillus antibodies by a new indirect
hemagglutination assay. 6th Advances Against Aspergillosis
2014, Madrid, 27/02/14 – 01/03/14, abstract number 97).
The antigens used in these assays were a combination of
cytoplasmic (somatic) and culture filtration extracts. In the
indirect hemagglutination assay sera with a titre < 1:320
were considered to be a nonsignificant reaction. Sera with a
titer equal to 1:320 were considered to be an indeterminant
reaction. Titres ≥1:640 indicated a significant reaction in
favour of aspergillosis. A positive precipitin reaction in the
immunodiffusion test signified the presence of Aspergillus
precipitating antibodies. The performance of positive control sera in both assays was excellent and reproducible. All
sera positive in one test were positive in the other. The concordance between titers determined by either the indirect
hemagglutination assay or the precipitin test were varied.
The total performance time of the indirect haemagglutination test is 3 hours. The EliTech indirect hemagglutination
assay for the detection of Aspergillus antibody in patients
with chronic manifestations of pulmonary demonstrated
has many advantages compared with precipitin tests: it was
rapid and very user friendly. However, it is not easy to read.
The ideal point-of-care test for field studies and for community clinics would be a lateral flow device which could
be used for screening patients and support the efforts to
understand the global epidemiology of chronic pulmonary
aspergillosis. We await developments in this area.
Oliva and colleagues evaluated the performance of the
Aspergillus Western blot IgG kit (LDBio Diagnostics, Lyon,
France), a commercially available immunoblot assay for
the diagnosis of various clinical presentations of chronic
aspergillosis.24 Three hundred and eight serum samples
from 158 patients with aspergillosis were analyzed. More
specifically, 267 serum samples were derived from patients
with Aspergillus disease, including 89 cases of chronic pul-
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of antibody detection kits and other consumables by a number of
diagnostic companies.
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