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Abstract

Asthmatic patients are suspected of having a
higher risk of mold sensitization. Thus, precise
diagnosis of fungal sensitization is important.
Mold allergen extracts are difficult to standard-
ize, but component-resolved allergy diagnosis
may be an alternative to replace extract-based
tests. In this research, asthmatic and
non-asthmatic subjects were studied for their
sensitization to Aspergillus fumigatus (Asp f),
Cladosporium herbarum (Cla h), Penicillium
chrysogenum (Pen ch), Alternaria alternata
(Alt a), and Aspergillus versicolor (Asp V).
Extract-based tests were applied using the
skin prick test (SPT) and allergen-specific
immunoglobulin E (sIgE). Subjects with
extract-based sensitization to Asp f or Alt a
were further investigated for sIgE response to
recombinant (r) single mold allergens. At least
one mold sensitization was found in about
50% of asthmatic and non-asthmatics with
the most frequent sensitization to Alt a,
followed by Pen ch, Asp f, Cla h, and Asp v.
Interestingly, sensitization rate to individual
mold species was always higher in asthmatics
and was only significant for Pen ch. The
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component-resolved diagnosis with the sum
of rAsp f 1 - rAsp f 4 plus rAsp f 6 matched
the extract-based results (SPT and/or sIgE) in
50% of asthmatics and 46% of non-asthmatics,
whereas, rAlt a 1 covered 59% of asthmatics
and 50% non-asthmatics of extract-based Alt a
sensitization. In conclusion, individual fungal
sensitization rate was higher in asthmatics
compared to non-asthmatics. Extract-based
tests, especially SPTs, were most sensitive,
but component-based tests covered 80% of
extract-based serological sensitization to
Alternaria and Aspergillus.
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1 Introduction

Health risks induced by mold exposure include
allergen-specific immunoglobulin E  (sIgE)-
mediated sensitization accompanied with allergic
symptoms. Even though mold exposure is
ubiquitous in environmental airborne samples,
sensitization rates to primarily indoor (e.g., Asper-
gillus sp., Penicillium sp.) and outdoor molds (e.g.,
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Cladosporium sp., Alternaria sp.) were found to be
lower (<10%) compared to other environmental
allergen sources, such as pollen, mites, and animal
dander (20-30%) (Haftenberger et al. 2013). In
both general population and atopic subjects, the
most frequent fungal sensitization is seen to
Alternaria with 2-13%, depending on the test
method and patient group (children versus adults).
This is followed by Aspergillus with 2—10%, Pen-
icillium with 5-8%, and Cladosporium with 8%
(Kespohl and Raulf 2017). In asthmatic patients,
the rates of fungal sensitization are -clearly
increased, with over 20% for Alternaria,
Cladosporium, and Penicillium, and are up to
45% for Aspergillus (O’Driscoll et al. 2009). A
potentially close relationship between asthma and
fungal sensitization, known as allergic fungal air-
way disease (Rick et al. 2016; Denning et al. 2014)
or severe asthma and fungal sensitization, has been
described in numerous publications (Knutsen et al.
2012; Agarwal and Gupta 2011; Knutsen and
Slavin 2011; Denning et al. 2009; O’Driscoll
et al. 2009) and was also the subject of the
EAACI Task force (Denning et al. 2014). There-
fore, diagnosis of fungal sensitization is very
important. However, it is known that fungal test
extracts used for the diagnostics are extremely
variable, due mainly to the heterogeneity of the
fungal raw material used for the production of
allergen extracts.

Different strains of mold species, as well as
different culture conditions are responsible for the
heterogenic protein/allergen mixtures (Esch and
Codina 2017). A former study comparing mold
skin prick test (SPT) has demonstrated that fungal
SPT solutions with identical labeling, provided
by different suppliers, are highly variable in pro-
tein, antigen, and allergen content (Kespohl et al.
2013). A comparison of SPTs with in vitro
measurements of sIgE indicated that positive test
results are obtained more often with SPTs than
sIgE measurement. Test concordance of SPT and
sIgE was best with SPT solutions containing a
high fungal allergen content (Kespohl et al.
2016). Thus, to optimize and standardize fungal
test extracts, the option of purified or
recombinantly produced allergens may eliminate
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the variability of naturally produced fungal
extracts (Esch and Codina 2017). Importantly,
there has been a reduction in commercially avail-
able fungal allergen test extracts (Klimek et al.
2015), creating a diagnostic gap which may be
filled by single allergen components.

Improvements in the molecular allergy
diagnostics have been recently reviewed
(Kleine-Tebbe and Jakob 2017), with examples
that included increasing test sensitivity by spiking
natural allergen extracts with single recombinant
allergens and test selectivity by the application of
recombinant marker allergens (Huss-Marp et al.
2015). Regarding fungal sensitization, 111 single
allergens (including molds, yeast, dermatophytes,
and mushrooms) are confirmed and listed in the
Allergen Nomenclature (2018) database. Of
these, six are commercially available as
singleplex and two as components of a multiplex
system (Kespohl and Raulf 2017). Specifically,
recombinant Aspergillus fumigatus allergens are
helpful tools for the differentiation of asthmatic
patients with allergic bronchopulmonary aspergil-
losis (ABPA) from Aspergillus fumigatus-
sensitized asthmatics without ABPA (Kurup
et al. 2000; Crameri 1998).

In the current study, sIgE-mediated fungal sen-
sitization rates were investigated in asthmatic ver-
sus non-asthmatic subjects with suspected mold
sensitization by applying different extract-based
test systems (SPT versus sIgE). Furthermore,
component-based sIgE tests were compared to
extract-based sIgE test results in both groups.

2 Methods

2.1 Study Group and Data Collection
From a former multicenter study (Kespohl et al.
2016), an asthma group and a non-asthma group
were reinvestigated. In brief, patients with
suspected mold allergy and/or mold exposure
were recruited from 13 allergy practices and
clinics (12 German and 1 Polish). The inclusion
criteria were the anamnestic, self-reported suspi-
cion, or diagnosed mold allergy or mold exposure
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and/or mold-induced allergic symptoms. Mold-
induced respiratory symptoms could have
occurred occupationally, at home, or both. The
study consisted of questionnaires, SPTs, and sIgE
measurements. Mold exposure was documented
by self-reported patient questionnaire asking for
visual mold formation (bigger/smaller DIN A4) in
living areas, at workplaces, or during recreation.

The group of asthmatics (n = 81) included
participants with asthma symptoms in the self-
reported patient questionnaire, answering Yes to
the question “Have you ever been diagnosed with
asthma?” and reporting additional asthma medi-
cation by answering Yes to the question “Are you
currently taking regular medicines for respiratory
problems?” The group of non-asthmatics (n = 56)
was composed of participants without asthmatic
symptoms, answering No to the question “Have
you ever been diagnosed with asthma?”

Sensitization to Aspergillus fumigatus (Asp f),
Cladosporium herbarum (Cla h), Penicillium
chrysogenum (Pen ch), Alternaria alternata (Alt
a), and Aspergillus versicolor (Asp v) was tested
using extract-based SPTs and sIgE (Kespohl et al.
2016). Component-based allergy diagnostics
were exclusively conducted with serological mea-
surement using singleplex recombinant allergen
components, one for Alt a: rAlt a 1 and five for
Asp f: rAsp f 1-4 plus rAsp f 6.

2.2 Determination of SPT

Mold SPT solutions of Asp f, Cla h, Pen ch, and
Alt a were purchased from four different
manufacturers: (1) Allergopharma GmbH &
Co. KG (Reinbek, Germany), (2) ALK
(Hgrsholm, Denmark), (3) HAL Allergy (Leiden,
Netherlands), and (4) Lofarma (Milano MI, Italy),
and the extracts for Asp v were prepared in-house
as described earlier (Kespohl et al. 2013). SPT
solutions were pricked in duplicate, and test
results were calculated as the mean value of
both SPT determinations. SPT cut-point was
evaluated by the Youden index, taking sIgE
measurements as the “positive standard.” A
mean wheal size >1.5 mm (right/left arm double

testing) was considered positive as described in
detail in Kespohl et al. (2016).

23 Determination of Serological

Parameters

Serum of patients was collected, and mold sensi-
tization was measured with extract-based
ImmunoCAPs  (ThermoScientific;  Uppsala,
Sweden) for the following mold species: Asp f
(m3), Cla h (m2), Pen ch (m-1), Alt a (m6), and
Asp v (Gm25). Rates of sensitization were given
in the percentage values. All patients with extract-
based sensitization (at least to one of the four
SPTs and/or sIgE) to Alt a and/or Asp f were
additionally analyzed for component-based sensi-
tization with recombinant (r) allergens as
singleplex ImmunoCAPs. In case of SPT and/or
sIgE sensitization to Alt a, recombinant major
allergen rAlt a 1 (m229) was tested. Asp f-
sensitized subjects (SPT and/or sIgE) were tested
with five recombinant allergens: rAsp f 1 (m218),
rAsp £2 (m219), rAsp f 3 (m220), rAsp f 4 (m221),
and rAsp f 6 (m222) by ImmunoCAP. Specific
IgE values >0.35 kU/L were considered
positive, with the measuring range starting at 0.01
kU/L.

24 Statistical Analysis

Comparison of diagnostic agreement of extract-
based serological test versus component-based
test sIgE values was assessed with nonparametric
Spearman’s correlation coefficient. In case of
Asp f, the sum of single Asp f components was
correlated with extract-based Asp f values, using
GraphPad Prism 7.04. Significance of contin-
gency table analysis regarding fungal sensitiza-
tion in asthmatic and non-asthmatic subjects was
done with two-sided Fisher’s exact test. A p-value
<0.05 defined statistically significant differences.
A commercial statistical package of GraphPad
Prism v7.04 was use for the analysis.
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3 Results
3.1 Fungal Sensitization

in Asthmatics and Non-asthmatic
Subjects

Among the 81 subjects with reported asthmatic
symptoms plus asthma medication, 56% were
shown to have fungal sensitization to at least
one of the five tested mold species using SPT
and/or sIgE (Fig. 1). Subjects without asthmatic
symptoms (non-asthmatics, n = 56) but with
suspected fungal allergy exhibited a positive reac-
tion to at least one mold species in 52% of the
cases. The most prominent fungal sensitization
was seen to Alt a, with 42% in asthmatics and
32% in non-asthmatics. Sensitization to Pen ch
was just as frequent as sensitization to Alt a
among asthmatics, amounting to 41%. However,
in non-asthmatics, the rate of Pen ch sensitization
was significantly lower (23%) compared to
asthmatics. Sensitization to Asp f was present in
32% of asthmatic vs. 23% of non-asthmatics,
followed by sensitization rates to Cla h (26%
asthmatics vs. 20% non-asthmatics) and to Asp v
(21% asthmatics vs. 13% non-asthmatics). The
rate of individual sensitization was always higher

Fig. 1 Extract-based 100 7
fungal sensitization
diagnosed by skin prick test
(SPT) and/or allergen- 80 -
specific immunoglobulin E
(sIgE) in asthmatic and
non-asthmatic subjects;
*p < 0.01 60 1 56%
S
40 A
20 A
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among the asthmatic subjects compared to the
non-asthmatics but significant only for Pen ch
sensitization.

Differences in the applied extract-based diag-
nostic tests were investigated for SPT and sIgE in
asthmatics and non-asthmatics (Fig. 2). SPT
detected mold sensitization more frequently com-
pared to sIgE tests using ImmunoCAP, indepen-
dent of asthma symptoms. With SPTs, 52% of
asthma and non-asthmatic subjects showed posi-
tive skin reactions to at least one mold species in
at least one of the four applied SPT extracts,
whereas 37% of asthmatics and 25% of
non-asthmatics were tested positive to at least
one mold species using the serological sIgE test
with ImmunoCAPs. Considering the single SPT
results according to individual manufacturers, it
was seen that the rate of mold sensitization was
lower using only one SPT compared to the com-
bined. However, discrepancy between mold sen-
sitization measured by SPT and sIgE was still
there. For asthmatics, the rate of fungal sensitiza-
tion to at least one mold species was shown to be
between 33% and 47% with different SPTs com-
pared to 37% with sIgE. In non-asthmatics,
38-46% showed positive skin reactions in SPTs
and only 25% with sIgE. Nevertheless, the

mEm asthma (n=81)
mEm non-asthma (n=56)

*k

52%

42% 41%

32% 32%
26%

% | 23%
23 f 20%

21%
13%
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Fig. 2 Sensitization rate to
at least one mold species,
diagnosed by skin prick test
(SPT) against Alternaria
alternata, Aspergillus
fumigatus, Cladosporium
herbarum, and Penicillium
chrysogenum from four
different manufacturers
(Manuf. 1-4) or diagnosed
by allergen-specific
immunoglobulin E (sIgE)
measured with the
corresponding
ImmunoCAPs in asthmatic
and non-asthmatic subjects.
*Manufacturer offered no
Claosporium herbarum
SPT solution

60+

concordance of positive SPT and positive sIgE
was always higher in asthmatics than in
non-asthmatics (Table 1). The best concordance
was seen for Alt a with 71% positive SPT plus
sIgE in asthmatics and 56% in non-asthmatics.
For all other mold species, the test concordance
was below 50% with a range of difference from
2% to 25% in asthmatics compared to
non-asthmatics (Table 1). The highest rate of
discrepancy in SPT/sIgE concordance (32%)
was seen with Pen ch sensitization, with 8% in
non-asthmatics compared to 40% in asthmatics.
Only this high discrepancy of concordance
between asthmatic and non-asthmatics was
significant.

3.2 Component-Based Versus

Extract-Based sIgE Testing

Among the studied subjects, sensitization to Alt a
was found to be most common, including 34/81
(42%) asthmatics and 18/56 (32%) non-asthmatics
(Fig. 1), as diagnosed with both SPT and sIgE.
Serological sensitization was measured in 26 of the

B asthma (n=81)
B non-asthma (n=56)
52%

42%

34 Alt a-sensitized asthmatics by means of sIgE
concentration > 0.35 kU/L and in 11 of 18 Alt a-
sensitized non-asthmatics (Table 1). The concor-
dance of SPT and sIgE was between 71% in
asthmatics and 56% in non-asthmatics. A
component-based test for Alt a was conducted
with the major allergen, rAlt a 1, using singleplex
ImmunoCAP in all subjects who exhibited
Alternaria  sensitization (SPT and/or sIgE)
(Fig. 3a and b). With component-based rAlt a
1 measurement, no additional sensitization was
detected that was not detected with the extract-
based sIgE testing. Specific IgE concentration to
component rAlta 1 > 0.35 kU/L was measured in
20 asthmatics (Fig. 3a), all of whom also had sIgE
concentration > 0.35 kU/L to the allergen extract
Alt a. Therefore, taking only the serological tests
into account, rAlt a 1, when used as a component-
based tool, detected 77% (20/26) of extract-based
serological sensitization in asthmatics. Neverthe-
less, eight subjects with Alt a sensitization
diagnosed solely by SPT were not detected using
the component-based rAlt a 1.

In the group of non-asthmatics, similar results
were obtained (Fig. 3b). Here, component-based
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Table 1 Extract-based mold sensitization rate and concordance of allergen-specific immunoglobulin E (sIgE) and skin

prick test (SPT) in asthmatics and non-asthmatics

SPT (+)

slgE | SPT |and/or sIgE SPT (+) and |SPT (+) and | SPT (—) and | Concordance
Patient | Mold + | @ sIgE (+) sIgE (-) sIgE (+) SPT and sIgE
group allergen | (n) (n) (n) (n) (n) (n) (%)
Asthma | Alta 26 32 34 24 8 2 71
Non- Alta 11 17 18 10 7 1 56
asthma
Asthma | Asp f 13 24 26 11 13 2 42
Non- Asp f 6 11 13 7 2 30
asthma
Asthma | Pen ch 23 40 45 18 22 5 40
Non- Pen ch 1 11 12 1 11 0 8
asthma
Asthma |Clah 9 21 21 9 12 0 43
Non- Clah 2 11 11 2 9 0 18
asthma
Asthma | Asp v 3 16 17 2 13 1 12
Non- Asp v 1 7 7 1 6 0 14
asthma

Alt a Alternaria alternata allergen, Asp f Aspergillus fumigatus allergen, Pen ch Penicillium chrysogenum allergen, Cla h
Cladosporium herbarum allergen, Asp v Aspergillus versicolor allergen

a b
Asthmatics tested with Alt a extract vs. r Alt a 1 Non-asthmatics tested with Alt a extract vs. r Alt a 1
100 1 100 ;
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SPT +/ slgE - SPT +/sIgE + SPT +/ slgE - SPT +/sIgE +
SPT -/ slgE + SPT -/ sIgE +

Fig. 3 Comparison of extract-based vs. component-based allergen-specific immunoglobulin E (sIgE) sensitization with

Alternaria alternata in asthmatic (a) and non—asthmatic (b) subjects

sensitization to rAlt a 1 was seen in nine
non-asthmatic subjects all of whom reacted posi-
tively to extract-based Alt a in SPT and/or sIgE.
Calculating only serological Alt a sensitization,

component-based rAlt a 1 measured positive
sIgE values (> 0.35 kU/L) in 9 out of the 11
(82%) extract-based positive non-asthmatic
subjects. Of note, patients with Alt a sensitization
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in SPT without sIgE to Alt a were not detected by
rAlt a 1. In both groups, single allergen rAlt a
1 met the criteria for a major allergen and
was recognized by more than 50% of subjects.
Nonparametric Spearman’s correlation was
highly significant (p < 0.0001) among both
asthmatics (r = 0.871) and non-asthmatics
(r =10.863).

In comparison to Alt a, Asp f sensitization with
extract-based tools (SPT and/or sIgE) was
seen in 26 asthmatics and 13 non-asthmatics
(Table 1). For component-based diagnostic
tools, five single allergens rAsp f 1, rAsp f
2, rAsp f 3, rAsp f 4, and rAsp f 6 were tested.
There was no additional sIgE sensitization
detected by component-based testing compared
to extract-based tests, neither in asthmatics nor
in non-asthmatics (Fig. 4a and b). Specific IgE

Asthmatics tested with Asp f extract vs.sum of rAsp f
100 5

..
- . .
3( 10 4 [ 1] ..
=3 -
©
<
o 13 *
N
g? 0.1 4
W
0.01 4—rrrrem . . .
0.01 0.1 1 10 100
Asp f (kUp/L)
n=13 n=13
SPT +/slgE - SPT +/sIgE +
SPT -/ sIgE +

ZrAsp f1,2,3,4,6 (kUp/L)

to single components was exclusively detected
in subjects with sIgE sensitization to Asp f
(extract-based ImmunoCAPs). Specific IgE to
allergen components rAsp f 1 and rAsp f 3 was
most frequently measured in about 50% of both
groups — in 6 out of the 13 asthmatics and in
4 (rAsp f 1) and 3 (rAsp f 3) out of the 6 non-
asthmatics (Table 2). Aspergillus allergens, rAsp
f 2 and rAsp f 4, each tested positively in five
subjects and rAsp f 6 in three subjects from both
groups. Taken together, the component-based
allergen pattern for Aspergillus sensitization was
comparable in asthmatics and non-asthmatics.
For a comparison of extract-based serological
sensitization with component-based tests, the
sum of all single components (rAsp f 1-Asp f 6)
was taken. In asthmatics, 10 out of the 13 (77%)
subjects with extract-based serological Asp f

Non-asthmatics tested with Asp f extract vs.sum of r Asp f

10073
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1073 e .
.
°
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SPT +/slgE - SPT +/sIgE +
SPT -/ sIgE +

Fig. 4 Comparison of extract-based vs. sum of component-based allergen-specific immunoglobulin E (sIgE) sensitiza-
tion with Aspergillus fumigatus in asthmatic (a) and non—asthmatic subjects (b)

Table 2 Rate of sensitization against single aspergillus (rAsp f) allergens in asthmatics and non-asthmatics with
allergen-specific immunoglobulin E (sIgE) and skin prick test (SPT)

Allergen All Asp f sensitized
rAsp f 1 | 10/19 = 53%

rAsp f2 |5/19 = 26%

rAsp 3 1919 = 47%

rAsp f 4 |5/19 = 26%

rAsp £ 6 13/19 = 16%

Asp f Aspergillus fumigatus allergens

Asthmatics Non-asthmatics
| 6/13 = 46% | 4/6 = 67%
|4/13 = 31% |1/6 = 17%
| 6/13 = 46% |3/6 = 50%
|4/13 = 31% |1/6 =17%
|2/13 = 15% | 1/6 = 17%
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sensitization were also positive in the component-
based tests (Fig. 4a). In non-asthmatic subjects,
five out of the six (83%) tested positive to the sum
of single rAsp f components (Fig. 4b). Correla-
tion of extract-based vs. sum of component-based
tests for Asp f sensitization was significant in both
groups (p < 0.005), with » = 0.850 for asthmatics
and r = 0.770 for non-asthmatics.

4 Discussion

The current study compared mold sensitization in
asthmatics and non-asthmatics with extract-based
allergy tests applied as SPT and as serological
sIgE measurements. The results showed that fun-
gal sensitization rate to at least one of the five
tested mold species was comparable — with 56%
in asthmatics and 52% in non-asthmatics. A high
mold sensitization rate revealed here was consis-
tent with a previous survey in which the mold
sensitization rate was 66% in asthmatics
(O’Diriscoll et al. 2009). But for non-asthmatics,
more than 50% fungal sensitization observed in
the current study was unexpectedly high. This
could be due to the recruiting criteria for patients,
which only included subjects with reported mold
exposure or suspected mold allergy, who were
obviously more sensitized compared to the gen-
eral population.

For the five individual mold species tested, it
was shown that sensitization was always higher in
asthmatics compared to non-asthmatics. The most
frequent mold sensitization seen in both groups
(42% in asthmatics and 32% in non-asthmatics)
was to Alternaria. The dominant role of
Alternaria as a source of IgE-mediated sensitizer
and inducer of respiratory symptoms (asthma,
wheeze, or allergy) has been reported in several
studies and case reports (Behbod et al. 2015; Salo
et al. 2006; Bush and Prochnau 2004; Zureik et al.
2002). Sensitization rates against Aspergillus,
Cladosporium and Penicillium in non-asthmatics
also were with >20% higher in the current study
compared to former studies in the general popula-
tion and in patients with allergic problems
(Haftenberger et al. 2013; Gent et al. 2012;
Szewzyk et al. 2011; Heinzerling et al. 2009).
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Of note, there was a significantly higher sensiti-
zation rate to Pen ch in asthmatics (41%) com-
pared to non-asthmatics (23%). Former studies
have shown significantly higher odds ratio of
asthma in relation to specific IgE to Aspergillus
and Cladosporium (Jaakkola et al. 2006) or
Alternaria (Zureik and Orehek 2002), but not
for Penicillium in adult asthmatics. Nevertheless,
there are neonate cohorts or studies in children
indicating that Penicillium 1is significantly
associated with respiratory effects among the
sensitized children (Caillaud et al. 2018; Gent
et al. 2012; Rosenbaum et al. 2010; Bundy et al.
2009). Therefore, sensitization
should be considered regarding fungal sensitiza-
tion in asthmatics.

Among the extract-based test systems, SPT
revealed mold sensitization with >50% higher to
at least one mold species. This was more than
what was observed with serological sIgE tests
with 25% in non-asthmatics and 37% in
asthmatics. These results may be due to the fact
that in the current study, positive SPT results were
generated from skin tests using four different SPT
solutions, from different suppliers, all tested as
double values. When calculating the sensitization
rate of only one SPT solution with sIgE, it was
shown that it was higher in SPT compared to sIgE
only if SPT solutions with high antigen/allergen
content were used (Kespohl et al. 2016). In con-
trast, if SPT solution had a low antigen/allergen
content, the sIgE-based sensitization rate was
higher in comparison to SPT. Discordant fungal
sensitivity, as diagnosed by SPT or sIgE, has been
investigated previously by O’Driscoll et al.
(2009) who report 77% concordance of SPT and
sIgE for fungal sensitization to at least one mold
species, with slightly more positive sIgE tests.
Further, double skin prick testing improves test
reproducibility enormously, especially in extracts
without major allergens, such as many occupa-
tional and mold allergens (van Kampen et al.
2013). In addition, SPT results depend on the
arm position used, as wheal size closer to the
elbow is slightly larger than that at the wrist
(Kespohl et al. 2016).

Component-based allergy diagnosis has been
introduced to resolve the issue of standardization

Penicillium
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in fungal allergen test solutions, thereby increasing
test sensitivity and selectivity (Kleine-Tebbe and
Jakob 2015). In the current study, rAlt a 1 was
used as a singleplex for Alternaria sensitization
and was detected in about 80% of Alt a extract-
based serological sensitization, independent of
asthmatic symptoms. For Alternaria, component-
based diagnosis was comparable with extract-
based serological diagnosis, since rAlt a 1 was
the major allergen available in sufficient amounts
in the Alfernaria test extracts used. That is in line
with the result of a former study by Asturias et al.
(2005) showing that Alternaria diagnostics could
be substituted for by natural or recombinant Alt
a 1 that was recognized in 98% of 42 patients with
positive SPT and serology to Alt a. Another study
by Vailes et al. (2001) has found sIgE response to
rAlt a 1 in 93% of patients with asthma/rhinitis,
exhibiting sIgE concentration (> CAP-class 2) to
Alternaria extract. Other patients, such as those
with atopic dermatitis or cystic fibrosis, with sIgE
concentration (> CAP-class 2) to Alternaria, were
less frequently sensitized to single allergen rAlt
a 1, in 47% and 60%, respectively.

Aspergillus fumigatus component-based diag-
nosis has been intensively investigated (Crameri
1998), with a specific goal to differentiate between
allergic/asthmatics and patients with allergic
bronchopulmonary aspergillosis (ABPA) or cystic
fibrosis. A combination of sIgE sensitization to
rAsp 2 plus rAsp f 4 plus rAsp f 6 appears sig-
nificant enough to discriminate between asthmatics
and patient with ABPA (Kurup et al. 2000). In
the current study, single component-based sIgE
diagnosis using singleplex rAsp f 1, rAsp f 2,
rAsp f 3, rAsp f 4, and rAsp f 6 assessed in
10 out of the 26 Asp f (extract-based)-sensitized
asthmatics and in 5 out of the 13 non-asthmatics
resulted in a positive response (> 0.35 kU/L) to the
sum of all five rAsp f components (Table 2). There
was no difference in sIgE sensitization profile or
frequency to any of the tested single Asp f allergens
depending on asthma or non-asthma status. In both
groups, rAsp f 1 and rAsp f 3 were the most fre-
quently detected allergens. A previous study by
Crameri (1998) also shows rAsp f 1 and rAsp
f 3 to be the most prominent allergens in allergic,
asthmatic and ABPA patients. A reported frequency

of up to 70% sensitization to single rAsp f
components was not confirmed in the current
study, taking all (SPT and/or sIgE) Asp f-sensitized
subjects into account. Here, none of the tested single
rAsp f allergens exceeded the 26% sensitization rate
among Aspergillus-sensitized subjects. However,
calculating the sensitization rate to single rAsp f
allergens on the basis of subjects with sIgE to Asp
f resulted in up to 53% sensitization to rAsp f 1 and
47% to rAsp f 3.

In conclusion, it was shown that extract-based
diagnosis conducted as skin prick test was the
most sensitive and was therefore recommended
as the first choice. Serological sensitization to
Alternaria was measured by rAlt a 1 in 78% of
all patients and could substitute for the extract-
based serological measurement. For serological
Aspergillus sensitization, all five rAsp f single
allergens were necessary to account for 80% of
the extract-based sIgE sensitization. Further
research is necessary to identify clinically rele-
vant allergens, especially marker allergens; for
instance, serine proteases may be relevant for
diagnostic purposes in fungal allergy.
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