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Abstract

A wide spectrum of pathological conditions may result from the interaction of Aspergillus
fumigatus and the immune system of its human host. Allergic bronchopulmonary
aspergillosis is one of the most severe Aspergillus fumigatus-related diseases due to possible
evolution towards pleuropulmonary fibrosis and respiratory failure.  Allergic
bronchopulmonary aspergillosis occurs almost exclusively in cystic fibrosis or asthmatic
patients. An estimated 8 to 10% of cystic fibrosis patients experience this condition. The
diagnosis of allergic bronchopulmonary aspergillosis relies on criteria first established in
1977. Progress in the understanding of host-pathogen interactions in Aspergillus fumigatus
and cystic fibrosis patients and the ongoing validation of novel laboratory tools concur to

update and improve the diagnosis of allergic bronchopulmonary aspergillosis.

1. Introduction

Aspergillus (A.) fumigatus, a ubiquitous airborne fungus, poses multiple threats in asthma,
cystic fibrosis, and immunosuppressed hosts. Clinically, A. fumigatus-related conditions vary
from so-called “benign” colonization to severe pulmonary or systemic diseases such as
allergic broncho-pulmonary aspergillosis (ABPA), chronic pulmonary aspergillosis, invasive
aspergillosis, and chronic lung allograft disease. Delineating A. fumigatus involvement in
pulmonary disease is often difficult, especially in cystic fibrosis (CF) patients, and relies on a
combination of clinical, radiological, immunological and microbiological findings. ABPA or
Hinson and Pepys’ disease (1-2) is the most frequent form of human aspergilloses, mainly
found on cystic fibrosis and asthma backgrounds. Criteria for ABPA diagnosis were first
established in 1977 (3). Since then, significant progress has been achieved in the
understanding of A. fumigatus — immune response crosstalk. Novel immunological and
microbiological tools became available, and standardized laboratory tests are replacing older
in-house methods. Our multidisciplinary approach aimed at reporting progress and current
perspectives in A. fumigatus laboratory work-up, with special emphasis on the challenging
diagnosis of ABPA.
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2. Aspergillus fumigatus and its interaction with the human host

The Aspergillus genus comprises 339 species of filamentous fungi ubiquitous all over the
world in human environment, e.g. air, soil, cereals, fruit, plants, wet and decomposing
organic matter. Airborne Aspergillus spp spores are present indoors and outdoors, with an

estimated 10 to 1000 spores inhaled daily by each human (4-5).

A growing number of Aspergillus species are recognized as pathogenic for animals and
humans; yet A. fumigatus (Figure 1) is the most frequently involved in human medicine, with

80 to 90% of human aspergilloses being caused by A. fumigatus (6-7).

Virulence and subversion mechanisms of A. fumigatus are supported by multiple antigenic
proteins and toxins which differentially become involved in host interaction depending on
immune and environmental factors. A. fumigatus comprises around 200 antigenic proteins
able of inducing 1gG responses and 80 allergenic proteins able of inducing IgE responses (8-
9). There is partial overlap between the two categories, with extensive characterization still to
be done for most proteins. Intensive efforts for characterizing allergenic proteins resulted in
23 allergens currently included in the WHO/IUIS (International Union of Immunological
Societies) database (10). In comparison, the Alternaria genus possesses 12 characterized
allergens, Cladosporium herbarum 8, and house dust mite Dermatophagoides pteronyssinus,
one of the most prevalent causes of airborne allergy and asthma, 19 (10). Most of the A.
fumigatus allergens display enzymatic activities, but structural components, such as antigenic
mitochondrial components and allergen Asp f 34 of the fungal wall, are also reported (8,11-
13).

A. fumigatus interacts with the host’s natural barriers and immune system, including airway
mucus, airway epithelium, innate and adaptive immune cells. It behaves as an opportunistic
pathogen, taking advantage of virtually any type of deficiency in host responses at various

levels.

In healthy, immunocompetent hosts, inhaled A. fumigatus spores are eliminated by the
mucociliary elevator and alveolar macrophages (5, 14-16). The ability of the host’s immune
system to mount an efficient response is crucial if the first line of defense is overwhelmed. If
A. fumigatus manages to persist in the airways and enter the germination process, neutrophils
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sense and effectively target germ tubes (17). A. fumigatus spores directly activate bronchial
epithelial cells through binding of fungal beta-glucans to cellular dectin-1, resulting in the
release of antimicrobial peptides such as pentraxin and mannose-binding lectin, and

generation of reactive oxygen species and cytokines (5,17).

Defective function of the cystic fibrosis transmembrane conductance regulator (CFTR)
protein results in reduced chloride and bicarbonate secretion at the apical surface of epithelial
cells, leading to more acid and viscous airway surface liquid stagnating in the lumen (18).
Trapped microorganisms are less likely to be eliminated while the access of soluble
antifungal mediators such as pentraxin-3 and mannose-binding lectin is impaired by
increased mucus viscosity (5,16-17). Thus, A. fumigatus stagnation and growth benefit from

abnormal mucus microenvironment.

In CF patients, this defect is not rescued by innate and adaptive immune cells, which are
dysregulated. CFTR gene dysfunction directly impairs neutrophil generation of the
microbicidal hypochlorous acid in phagolysosomes and favors skewing of T-lymphocyte
anti-A. fumigatus responses toward interleukin (IL)-4, IL-13 and IgE production (19-20).
Secondarily acquired immune dysregulation includes the cleavage of membrane receptors by
neutrophil-derived proteases in CF airways. Cleavage of macrophage phosphatidylserine
receptors results in impaired removal of apoptotic cells in CF lungs, while cleavage of the

costimulation molecule CD86 impairs dendritic cell maturation and activity (21-22).

In addition to CFTR dysfunction, host’s genetic background plays a role in the encounter
with A. fumigatus. Patients carrying HLA-DR2 or HLA-DR5 phenotype are more susceptible
to ABPA, while HLA-DQ2 subjects are relatively resistant (23-26). The hypothesized
mechanism is an increased production of regulatory IL-10 from dendritic cells expressing
HLA-DR2/DR-5 with downstream inhibition of Th-1 and Th-17 type responses, which are
instrumental for an effective response to A. fumigatus (27-28). A. fumigatus by itself triggers
Th2-type polarized responses, IgE production, lung eosinophilia, and airway
hyperresponsiveness (29-31), while excessive Th-2 responses to A. fumigatus are associated
with ABPA.
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Th2-polarized responses are further upregulated in subjects carrying gain of function single
nucleotide polymorphisms (SNPs) of the IL-4 receptor. 95% of patients with ABPA display
such SNPs, resulting in a lowered threshold of activation by ligand IL-4. Extracellular
ile75val was the most frequently identified SNP, found in 80% of ABPA patients. However,
this SNP was also present in 54% of control subjects and was therefore not eligible as a

susceptibility biomarker (32).

Finally, healthy pulmonary and intestinal microbiomes might help preventing A. fumigatus-
induced diseases, and alterations of the microbial populations might contribute to inefficient
defenses. Normal gut microbiome inhibits systemic IgE responses through signals directed to
toll-like receptors of innate immune cells including mast cells and basophils, while the
production of short-chain fatty acids modulates dendritic cell responses (33-35). In CF
patients, deteriorating lung function is associated with decreased phylogenetic variety of the
bacterial airway microbiome and enrichment in pulmonary pathogenic genera such as
Staphylococcus aureus, Pseudomonas aeruginosa, Haemophilus influenza, and Burkholderia
cepacia (36-38). The proportion of saprophytic fungal species, which is less than 0.1% under
normal conditions, is increased in CF patients’ mycobiome and following antibiotic regimens
(36,39-40). Fungal communities were reported to be stable over time in CF patients (41).
Persistent lower airway colonization is associated with increased microbial load, persistent

inflammatory changes and lung function loss.

Figure 2 summarizes the key events of the A. fumigatus — host encounter and crosstalk.

The pathophysiological continuum of A. fumigatus — host interaction is mirrored by
laboratory and clinical frames of “asymptomatic” colonization, “benign” IgE sensitization to
A. fumigatus, through A. fumigatus-induced cough and asthma, to aspergilloma and invasive
aspergilloses. However, the first two stages lack consensus definitions. The growth of A.
fumigatus in the airways, also termed ‘“carriage” or “colonization”, may be evidenced by
culture-based methods, galactomannan detection in bronchoalveolar lavage liquid, PCR
assays, and more recently new generation sequencing methods and antigenaemia measures
(9,37-39,42-43). The detection of “precipitins”, which comprise mainly but not exclusively
IgG, or anti-A. fumigatus specific 1gG is sometimes considered as indicative of A. fumigatus

carriage (44), but most teams distinguish genuine A. fumigatus colonization from anti-A.
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fumigatus 1gG detection. Serum anti-A. fumigatus IgG are found in most healthy individuals
(9,45-47). In CF patients, these antibodies may be detected before the age of 2, and are
virtually present in all patients aged 10 or older (48). On the other hand, sensitization is
defined by the detection of anti-A. fumigatus specific IgE, through skin prick testing or serum
specific IgE determination. Although the detection of A. fumigatus carriage and 1gG and IgE
responses against A. fumigatus may be clinically silent, they are associated with an
accelerated loss of lung function in CF and asthmatic patients (44,45,49-50). In lung
transplant recipients, A. fumigatus colonization was linked to higher mortality (51), and
positive intraoperative A. fumigatus culture was associated with a higher risk of post-

transplant invasive aspergillosis (41).

3. Cystic fibrosis and ABPA: epidemiology, natural history and current diagnostic

guidelines

The estimated prevalence of ABPA is 1-2% among asthmatic patients (7-14% in
corticosteroid-dependent ones) and 8-10% among CF patients, with reported extremes of 1 to
25% and slightly lower figures in children as compared to adult patients (49;52-53). A meta-
analysis determined the risk for ABPA at 40% in asthmatic patients displaying IgE
sensitization to A. fumigatus, but only 12% in those without detectable IgE (54). Similar
figures are reported for ABPA occurring in CF patients, of whom up to 35% display IgE to A.
fumigatus (55). In CF patients, the risk of developing an ABPA is increased in male patients
and in cases of associated asthma or atopy, of more severely impaired respiratory function or
nutritional status, of Pseudomonas spp carriage in sputum, and of prolonged treatment by
azithromycin (49,56).

In CF patients, specific challenges need to be overcome during the diagnostic procedure,
because of overlapping clinical features between ABPA and CF per se (cough,
bronchospasm, intercurrent infections, radiological abnormalities), together with an increased
frequency of A. fumigatus colonization and/or sensitization (52). Moreover, in CF patients,
so-called “benign” colonization or sensitization by A. fumigatus has been shown to contribute
to the deterioration of respiratory function, in pediatric and adult patients, and on native or
transplanted lungs (44,45,49-51).
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The severity of ABPA resides in the worsening of respiratory and nutritional status (44).
Therapeutic options comprise associations of corticosteroids, systemic antifungals and in
some cases the monoclonal anti-IgE antibody omalizumab. The treatment is usually effective,
provided it is initiated before the development of bronchiectasis and irreversible deterioration
of respiratory function. Conversely, excess treatment poses specific risks. Corticosteroids
inhibit the Th-17 branch of the adaptive immune response, which is needed for efficient
antifungal responses and at the same time downregulated through direct effect of A.
fumigatus on immune cells (17,28-30). Antifungal molecules may select resistant strains of

Aspergillus and other fungi and compromise the homeostasis of the patient’s mycobiome (5).

ABPA is a chronic disease with a succession of improvement and worsening episodes. Its
diagnostic criteria are aimed at documenting an inflammatory and allergic response to A.
fumigatus, while its clinical staging also takes into account the therapeutic response
(3,7,53,57-58). Table 1 summarizes the diagnostic criteria for ABPA.

Taken together, these scores allocate a preponderant role to immunological features. They
aim at identifying an immune response, which (1) targets A. fumigatus; (2) is IgE-mediated;
and (3) is accompanied by other concomitant, prominent abnormal findings. They were stated
in 1977 according to the technical level of the day in immunology and radiology. However,
technical progress accomplished in immunology since then has not been fully exploited for a

more efficient ABPA diagnosis. The next paragraph will develop this idea.

4. Why should immunological criteria for ABPA diagnosis be updated?

A study based on the national registries of 30 countries concluded that ABPA is globally
underdiagnosed in CF patients, with barely 33% reported of the expected ABPAs (59).
Notable differences in ABPA diagnosis rates are found even among European countries, with
the lowest in Greece (14.5% reported versus expected number of ABPA cases) and the
highest end in France (101%). Because, on the one hand, the first-line treatment of ABPA
mainly relies on corticosteroids and, on the other hand, the consequences of a lack of ABPA

treatment may be irreversible, calls for updating the immunological criteria have been
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accumulating since the turn of the century (47,52,60). These calls are supported by novel
tools with enhanced performance. We will describe hereafter the issues associated with the
current ABPA immunological diagnostic criteria including: total serum IgE, A. fumigatus-

specific IgE, and A. fumigatus-specific IgG and precipitins against A. fumigatus.

4.1.Total IgE level
Therapeutic interferences in quantification

According to classical ABPA criteria, a “normal” total IgE level excludes the diagnosis. This
is not always appropriate, because total IgE level is altered by disease stages, disease severity

and therapeutic options, such as systemic corticosteroid therapy and omalizumab (60-63).
Ill-defined threshold level

Another limitation is that the threshold defining a “raised” level of total IgE is unclear, as the
expression is available either in mg/L or in KIU/L, with 1000 mg/L corresponding to 400
KIU/L (58;64-65). Moreover, reference values for total IgE levels in children are age-
dependent and cannot be compared to adult ranges before the age of 6 (66), prompting some
teams to adopt local definitions of a raised total IgE level in children, such as twice the upper

normal limit value for the age-group (49).

4.2. Detection and measurement of specific IgE to A. fumigatus

Laboratory methods: IgE-based criteria in the initial diagnostic scores were derived from
the detection thresholds of the radioimmunological assays that were in use in the 1970-1980
period; they were phrased: “anti-Aspergillus allergic sensitization” and “serum specific IgE
anti-A. fumigatus antibodies greater than twice non-ABPA IgE A. fumigatus-positive
asthmatic serum pool” (67). The standard laboratory procedures in 2016 are based on
standardized curve controls and calibrators, internationally validated cut-offs, and external
quality controls. The use of in-house pools of local patient sera is no longer recommended
(9,68). Today’s IgE measurements are automated, standardized and support interlaboratory

comparison (68-69).
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In 2013, the ISHAM experts proposed a 0.35 KUAJ/L threshold for defining the anti-
Aspergillus sensitization, without detailing experimental evidence (“the expert group felt that
a value > 0.35 kUA/L should be used as a cut-off”, in ref 58). It should be remembered that
0.35 kKUA/L was the historical threshold of the original radioallergosorbent test (RAST®)
developed by Pharmacia (Sweden) more than 30 years ago. The cut-off of the three major
clinical laboratory autoanalyzers for sIgE determination, Thermo Fisher, Hycor and Siemens,
has been set at the lower limit of quantification of the methods, that is, 0.10 kUA/L for more
than 10 years. This 0.10 KUA/L cut-off has been accepted by the US Food and Drug
Administration in 2008 (69) and is now recommended by a 2015 consensus guidance
document (70). Good technical performances and improved sensitivity have been
demonstrated in many allergic conditions, including A. fumigatus sensitization (54,68,71-76).

Thus, the rationale of using a higher threshold is neither technically, nor medically founded.

Skin prick tests versus specific IgE: Following a general rule in allergic sensitization
diagnosis, both skin prick test with immediate (15-20 minutes) reading or the specific IgE
blood level can be used for the diagnosis of fungal sensitization (77). Skin prick test results
are relatively poorly reproducible, heterogeneous among distinct centers in terms of
procedures and interpretation, and further impeded by shortages in commercial fungal
preparations. Some authors reported a decreased diagnostic sensitivity when compared to IgE
detection (54). Conversely, a wider use of automated IgE measurements results in a global
tendency to adopt between-centers comparable procedures for detection and quantitation of
A. fumigatus IgE sensitization (9,68-70,74,76).

4.3. Epidemiology of the antifungal and anti-A. fumigatus sensitization

Since the first ABPA diagnostic criteria were coined, it became clear that about 35 to 50% of
CF patients display detectable sensitization to A. fumigatus. Thus, mere detection of IgE to A.
fumigatus is not a suitable ABPA biomarker in this population. This explains the tentative
proposal of “a raised level of sIgE to A. fumigatus” in more recent papers. Abundant
experimental data support this view (49,54,64,65,76,78), but a widely-validated threshold is
lacking. Disparate cut-off values have been reported in the literature, from 1.91 KUA/L (54)
to “class 2 or more” (49) to 29.8 KUA/L (77). CF patients are frequently sensitized to fungal

species cross-reacting with A. fumigatus, such as Candida albicans and Alternaria alternata
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(77,79-80). C. albicans sensitization was demonstrated in 50 to 60% of CF ABPA cohorts
(49,81), whereas Alt. alternata sensitization occurred in 100% of ABPA in a paediatric cohort
of CF patients (49). The clinical implications of these findings are currently unknown, even
though genuine sensitization and antigenic cross-reactivity can influence therapeutic options
(55;77,82).

4.4. Detection and measurement of specific anti-A. fumigatus 1gG responses

Similar to IgE responses, 1gG responses against A. fumigatus have been persistently measured
with heterogeneous, in-house, methods displaying poor specificity and reproducibility, thus
precluding interlaboratory comparison (47,60). For instance, anti-Aspergillus precipitin
detection, a method that is still considered as the gold standard, showed up to 30% of
variation in the results assessed in the same serum sample (58,83-84). Precipitins (Figure 3)
consist of precipitating antibodies, which may belong to any antibody class, among which
IgG is the most common isotype. Such poor diagnostic performances do not fit with the
current good laboratory practices; they do not comply with the current clinical diagnostic
assay standards, and disallow following-up a patient’s 1gG response. In contrast, automated
platforms such as ImmunoCAP (ThermoFisher) and Immulite (Siemens) yield reproducible
and interlaboratory comparable results. They are well-suited for longitudinal follow-up
(9,46). We and others are currently analyzing the association of enhanced 1gG detection and
quantitation results with clinical Aspergillus diseases presentations (82-86). Indeed, the
comparative assessment of quantitative IgE, 1gG and presence or absence of A. fumigatus is
still to do in CF patients, despite early studies showing clinically significant interplay of these
features in CF patients with or without ABPA (45,48,87) and recent work uncovering a

similar interplay in common airborne allergies of large cohorts (88-89).

The next paragraph will present the advances in immunological methods, with an emphasis
on IgE detection and quantification tools and their potential for improving ABPA diagnosis

in CF patients.
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5. Component-resolved diagnostics: molecular aspects of the humoral response to

A. fumigatus

Component-resolved diagnostics was coined as a phrase almost 10 years ago, when IgE
determination against distinct allergenic proteins (termed “components” or allergens in order
to better distinguish individual allergenic proteins from allergenic extracts) became available
for routine diagnostics of most of the airborne, food, and venom allergies (90). It provided
clinicians with a brand-new tool for insight into the mechanisms and clinical implications of
dozens of allergenic molecules, allowing to distinguish between genuine sensitization and
cross-reactivity and to assess the nature and complexity of sensitization profiles. In less than
a decade, component-resolved diagnostics revolutionized diagnostic accuracy, therapeutic
choice, follow-up criteria and prognostic prediction in allergic diseases (82). Some of these
proteins are currently under investigation for a combined follow-up of IgE and 1gG(4)
responses, both in humoral and cellular assays with basophil activation tests (78,91).
Although their prophylactic and curative therapeutic use is intensively investigated,
allergenic proteins are currently available only for in vitro procedures. Component-resolved
diagnostics has already been tentatively applied to antifungal responses, particularly to A.

fumigatus sensitization. The state of the art will be presented in the following paragraph.

5.1. Feasibility of A. fumigatus IgE and 1gG component-resolved diagnostics

Among the 9926 genes of A. fumigatus, 23 proteins have been structurally and functionally
characterized and introduced into the WHO/IUIS database of allergenic proteins (10, 82).
Among these, five are commercially available as recombinant proteins for quantitative
automated determination of specific IgE, 1gG(4), or IgA (Thermo Fisher Phadia, Uppsala,
Sweden). According to the international nomenclature, these proteins are named Asp f
followed by a number: Asp f 1, Asp f 2, Asp f 3, Asp f 4, and Asp f 6. The Thermo Fisher
Phadia quantitative method (ImmunoCAP®) is a widely used method for IgE determination.
It is often considered as the reference method (55). It comes with an abundant literature of
IgE-skin prick test and IgE-clinical diagnosis correlates (74,77,92). Moreover, it allows
determination of other antibody class responses (IgG, 1gG4, 1gA) with the same technical
performances (9,46,76). This method requires a minute volume of serum or plasma (40 pL)
for assaying one specificity, i.e. 240 pL for a complete A. fumigatus extract and five allergens

determination. Measurement of anti-A. fumigatus IgE is comprised in the international quality
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control UK NEQAS program (93). A multicentric study involving 25 hospital laboratories
reported very good repeatability and interlaboratory reproducibility of IgE to A. fumigatus
determination (68). Other teams also reported very good performances of anti-A. fumigatus

IgG determination with the same method or other automated methods (46,74,76,84,94).

5.2. Improved specificity for IgE to A. fumigatus versus other fungi

Some A. fumigatus proteins are specific of anti-A. fumigatus responses and can identify
genuine sensitization, the best example being Asp f 1, while others, such as Asp f 6, share
high sequence homology with proteins from other fungi, and are thus more prone to cross-
reactivity. At the patient level, cross-reactivity consists in the detection of IgE against
multiple fungal extracts in either skin prick tests or in vitro assays. Cross-reactivity is a cause
of lower specificity in the diagnostics of sensitization to A. fumigatus (49,55,77). Therefore,
A. fumigatus allergenic proteins perform better than extracts for accurate species diagnosis,
thanks to their ability to distinguish genuine sensitization from cross-reactivity (55,64,82).

Table 2 introduces currently available A. fumigatus allergenic proteins.

5.3. Improved specificity for differential diagnosis between “benign” sensitization to

A. fumigatus and ABPA

Sensitization and raised levels of IgE to secreted Asp f 1 and to somatic Asp f 2 have been
reported in 60 to 100% of ABPA patients and in 45 to 75% of “benign” Aspergillus
sensitization or other aspergillosis clinical presentations (11, 76,78, 95,96). As a result,
detection of IgE to Asp f 1 or Asp f 2 cannot identify ABPA patients. Levels of IgE to Asp f
1 and Asp f 2 are reportedly discriminant, but the optimal threshold differs from one study to

another.

Peroxisomal protein Asp f 3, allergen Asp f 4 of unknown function, and MnSOD Asp f 6 are
somatic proteins and minor allergens (i.e., less than 50% of non-ABPA patients sensitized to
A. fumigatus display IgE to these proteins). They have been reported as specific for ABPA
diagnosis in both CF and asthmatic patients (11,13,64-65,92,96). Asp f 3 sensitization
showed stable levels of IgE over time, despite ABPA flares and remission, thus enhancing the
discrimnation of ABPA from non ABPA patients (64).
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Some reports on Asp f 3, Asp f 4 and Asp f 6 warned against their cross-reactivity with
homologues from other fungi, which should be considered during comorbid atopic dermatitis
(76,96-98). However, assessing sensitization to the complete panel of A. fumigatus allergens
should avoid misinterpretation. Detection of IgE to species-specific Asp f 1 and Asp f 2
confirms genuine sensitization to A. fumigatus, while minor, ABPA-related, Asp f 3, Asp f 4
and Asp f 6 indicate the degree of complexity of the IgE response to A. fumigatus.
Interestingly, Asp f 3, Asp f 4 and Asp f 6 are not secreted but somatic proteins, in contrast to
extracellular Asp f 1 and Asp f 2. Spreading of the IgE response from secreted (benign
sensitization) to somatic (ABPA) might be indicative of the immune system fighting a higher
load of A. fumigatus or of a more pronounced Th-2 skewing of the immune response to A.
fumigatus. In both cases a more complex IgE response to A. fumigatus could be predictive of
a higher risk of clinical deterioration. The predictive value of complex sensitization profiles

has been recently described in airborne and food allergies (88,99).

For all allergens, further information is provided by quantitative comparison of IgE responses
to individual A. fumigatus molecular allergens (9,64,76,78). In this case, threshold levels
depend on the control population, i.e., healthy controls, asthmatic or CF patients, and

therefore need validation prior to use in a given population of patients.

5.4. Combined determination of IgE, 1gG, and IgA against A. fumigatus individual
proteins

A. fumigatus proteins may bind to one or more Ig classes, depending on the protein, the
pathophysiologic background of the patient and the time course of A. fumigatus-host
interaction. A. fumigatus fractions with high (470 kDa), medium (250 kDA) and low
(25-50 kDA) molecular weight were employed as early as 1985 for studying IgG, IgA
and IgE responses in 156 CF patients (45). Strong 1gG and IgA responses to the 470
kDa fraction were found, even in the absence of A. fumigatus colonization defined as
negative monthly sputum cultures over a 22-month period. 1gG and IgA responses to

the 25-50 kDa fraction were preferentially associated with persistent A. fumigatus
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colonization (positive sputum cultures during and prior to the study). The three A.
fumigatus fractions also elicited specific IgE responses. Asp f 1 was later reported as a
potent inducer of specific IgE and 1gG responses in asthmatic and ABPA patients, but
not in healthy controls, suggesting its utility as a prevalence and quantitative marker
for ABPA (87).

Preferential 1gG or IgE responses were shown for individual A. fumigatus proteins (8),
suggesting that the overlap between antigenic, i.e. 1gG-inducing, and allergenic, i.e. IgE-
inducing molecules, is only partial in A. fumigatus and depends on both the protein and the
immune status of the host. A shift between IgG and IgE responses to a given protein could

mirror a pathophysiological change from chronic to allergic aspergillosis (9).

Current reports on IgG responses to commercially available allergens from A. fumigatus are
scarce and address mainly ABPA patients with an asthmatic background (76). Our team
found that 1gG4 responses to A. fumigatus allergens did not distinguish between A. fumigatus
sensitized CF patients and active ABPA (78). A first step toward an integrated IgE and 1gG
work-up might be the use of a single method for head-to-head comparison. This is feasible
with current routine autoanalyzers, with very good quantitative performances including
interlaboratory comparison (9,46,68,73,76,84,86).

Currently, the lack of commercially available 1gG-skewed proteins and the limited number of
commercially available allergens do not allow a comprehensive profiling of humoral

responses to A. fumigatus proteins in health and disease.

6. Conclusion

Currently unmet needs in the field of A. fumigatus-related diseases include differential
diagnosis of benign versus pathogenic fungal sensitization in CF patients. Among novel
diagnostic tools, IgE and IgG markers of distinct humoral responses have benefitted from 40
years of technical progress and the validation of component-resolved diagnostics in the
allergy field. Currently available IgE and 1gG component-resolved diagnostics has been
repeatedly reported as useful, but still awaits confirmation in large-scale multicenter studies
evaluating CF patients on the long term. We believe that an integrated analysis of IgE and

IgG responses against A. fumigatus molecules would enhance the diagnosis of Aspergillus-

This article is protected by copyright. All rights reserved.



induced diseases and especially that of ABPA. Moreover, IgE/IgG dichotomy of responses

induced by individual proteins might lead to the identification of novel therapeutic targets.
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Table 1. Diagnostic criteria for ABPA

Diagnostic criteria for ABPA proposed by Rosenberg (in ref. 3) and updates are presented in the left
and middle columns, together with recent proposals and frequent drawbacks for the clinical

practice.

Table 2. Molecular allergens of A. fumigatus currently available for in vitro diagnostics

There are currently five commercially available molecular allergens of A. fumigatus. Their physico-

chemical properties, function and humoral response are summarized.
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Table 1. Diagnostic criteria for ABPA

Hierarchy of criteria

Criteria for allergic
broncho-pulmonary

diagnosis

Comments

Major criteria:
Both are necessary but

not sufficient

Allergic sensitization to A.
fumigatus: positive skin prick
tests or detectable or “raised”

sIgE to A. fumigatus

A cut-off of 0.35 KUA/L was
suggested by an expert panel
(58),

previous

in replacement of the
recommendation
“raised serum specific IgE anti-
A. fumigatus antibodies

greater than twice non-ABPA
IgE  A.

asthmatic serum pool” (67).

fumigatus-positive

Elevated total IgE levels >
1000 kIU/L or > 1000 mg/L
depending on teams

1000 KIU/L = 2400 mg/L
Results may be expressed in 1U,
kIU or mg according to local
laboratory procedures. Cut-offs
differ

adults.

between children and

Minor criteria:
Two out of three are

sufficient

Aspergillus  1gG

positive or “raised”, detection

of

serology

“anti-Aspergillus

precipitins”

Radiology, according to the

clinical stage: transient
migratory pulmonary opacities

to fixed central bronchiectasis

Elevated circulating

eosinophils >0.50r 1 G/L

This criterion is considered as

outdated by most teams

BACKGROUND

Asthma, cystic fibrosis
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e fungal
and
human
homolo
gues

Figure 1. Aspergillus
fumigatus smooth-
walled conidiophores
bearing subclavate
vesicles and uniseriate
conidiogenous cells
producing humerous
verrucose spherical
conidias (Mycetblue™
staining, original
magnification x 400).
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Figure 2. Key events of the interaction and immune cross-talk between Aspergillus fumigatus and the human host. A, In
immunocompetent hosts, inhaled spores are removed mainly by the mucociliary elevator. Alveolar macrophages phagocytize
spores that reach lower airways, and bronchial epithelial cells respond to spores by means of reactive oxygen species and
soluble antimicrobial peptides. Innate and adaptive immune responses are kept at a low level, and humoral responses are made
of IgG and IgA against A. fumigatus. B, In cystic fibrosis patients, multiple defects lead to ineffective removal by the
mucociliary elevator, epithelial soluble mediators and alveolar macrophages. A. fumigatus persistence and growth initiates an
important but ineffective inflammatory, Th-2 oriented and remodeling response, with raised levels of IgE and IgG against A.
fumigatus.
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B The mucociliary elevator is Persistent A. fumigatus Epithelial antimicrobial peptides

ineffec_tive at removing inhaled spores enter the and reactive oxygen species are
A. fuml_gatus spores from the germination process  insufficient for killing persistent,
bronchial lumen germinating A. fumigatus
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Bronchial epithelial cells produce Dendritic @ @
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growth factors (GM-CSF, IL-25) responses lymphocytes

Figure 3.
Immunoelectrophoresis
showing four precipitin
arcs (arrows) of anti-
Aspergillus fumigatus
antibodies.
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Infiltrating neutrophils
are ineffective at
killing A. fumigatus
spores, but contribute
to persistent
inflammation,
defective immune
response, and
bronchial remodeling
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