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Diagnosis and Immunotherapy of Mould Allergy

I. Screening for Mould Allergy
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In order to screen for mould allergy, extracts of five common atmospheric moulds
(Cladosporium, Alternaria, Penicillium, Aspergillus and Mucor) from various manufacturers
were investigated in 130 patients (5-60 years old) with clinical symptoms indicating
possible mould allergy. The patients were screened by skin prick test (SPT) and radio-
allergosorbent test (RAST). SPT seemed to be more sensitive than RAST as a diagnostic
screening procedure (80 % positive reactions to one or more species compared to 50 %).
With a partially purified, standardized preparation of Cladosporium herbarum more posi-
tive reactions were obtained than with crude extracts without evidence of any unspecific
reactions. The difference between commercial and standardized extracts is most prob-
ably a result of a variation of both the biological potency of allergenic determinants and
the allergenic composition. A considerable number of negative RAST reactions with
standard discs were found in patients with positive skin reactions to partially purified
Cladosporium, but RAST seemed to be more sensitive than SPT with the other commercial
mould extracts. Based on the screening, a very convincing tendency to IgE-reactivity to
other moulds was found in patients reacting to Cladosporium, the most common cause of
mould allergy. The results confirm the inadequacy of most mould extracts used in
diagnostic procedures and strengthen the value of using standardized extracts.
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CLINICAL ASPECTS

The frequency of clinical allergy to mould spores, based on the diagnostic ability of
commercial mould extracts, might be considerably underestimated. In diagnostic proce-
dures the value of a partially purified and standardized extract is documented, With the use
of this extract the skin prick test seems to be more sensitive as a screening procedure than
the radio-allergosorbent test.

Respiratory allergy to moulds has been known
for many years (13), but, as pointed out by
Nilsson & Aas (11) and Aas et al. (2), a specific
diagnosis can be difficult to obtain. This is
probably because the commercial extracts avail-
able for diagnostic procedures have been un-
reliable (2). Investigations of mould allergy have
only been carried out in children. In contrast to

other inhalant allergens, mould extracts tend to
have a low allergenic activity and vary consider-
ably from batch to batch (13) because of their
complexity and heterogenicity. Furthermore,
there may be toxins and irritants which elicit
unspecific false positive reactions without clin-
ical implication.

In recent years investigations using highly
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specific qualitative and quantitative immuno-
logical procedures (quantitative immunoelec-
trophoresis, crossed radioimmunoelectropho-
resis, etc.) on mould allergen extracts have
been carried out by Aukrust (5, 6). When a
partially purified, lyophilized extract of Clados-
porium earlier studied by Aukrust et al. (2, 5, 6)
was made available we decided to study mould
allergy further.

The present study was initiated in order to
screen patients, with a suspected clinical allergy
to moulds, as candidates for further studies, i.e.
to document the diagnostic capacity as well as
the therapeutic efficacy of immunotherapy
with a new generation of mould extracts. The
diagnostic capacity of mould extracts in adults
was also of interest.

MATERIAL AND METHODS

Patients

A total of 130 patients, 68 children from three
paediatric clinics in Finland and Sweden and 62
adults from one clinic in Denmark, were in-
cluded. Patient data are shown in Table 1. The
patients were screened on the basis of a clinic-
ally suspected mould allergy defined either as
start or worsening of asthma and/or rhinocon-
Junctivitis during the peak mould season (June
to September), or aggravation of symptoms in
mould-rich environment (high temperature and
humidity) recovering in dry environment.

Table 1
Clinical data of patients participating in the mould allergy
screening
Sex Age
Center Number Q 3 (years)
1 35 14 21 715
Children g 15 5 lo 75

16-60

Adults 4 62 30 32

109

Allergen extracts

Commercial extracts from five common atmos-
pheric moulds were obtained from three dif-
ferent producers (A, B, and C). The mould
panel consisted of Cladosporium herbarum, Alter-
naria tenuts, Mucor racemosus, Penicillium notatum
and Aspergillus fumigatus. Extracts from two of
the manufacturers were dispensed in 50% gly-
cerol and another panel of aqueous extracts was
used. All extracts were tested in the highest
concentration available.

A partially purified, standardized, lyophilized
gen®, Nyco, Oslo, Norway, and Pharmacia,
Uppsala, Sweden) in two concentrations (1,000
and 5,000 BU/ml) was tested simultaneously.
5,000 BU/ml) was tested simultaneously.

Histamine chloride 1 mg/ml (5.43 mmol/l)
and albumin diluent were used as positive and
negative controls respectively.

Skin prick testing

The skin prick tests (SPT) were carried out as
single tests on the volar side of the forearm as
previously described (9, 12). The wheal reaction
was recorded at maximum size, i.e. for hist-
amine after approximately 10 min and for aller-
gen after 15 min. The outline of the wheal (not
flare) was marked and the result transferred by
means of tape to a record sheet. Wheal reac-
tions were evaluated in relation to a histamine
reference (1 mg/ml) as recommended by the
Nordic Society of Allergology (16). The mean
diameter (1/2 longest + 1/2 perpendicular) was
used as an expression of the wheal area and the
reaction graded in the + —system (1, 16). SPT
reactions — were regarded as “negative”, +1
and +2 as “inconclusive” (positive), and +3 or
larger as (unambiguous) “positive”. Children
were only tested with extracts from manufac-
turers A and B and Spectralgen.

Patient serum

Venous blood was drawn immediately before
skin testing. Serum was separated and stored at
—20°C until analyzed.
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Fig. 1. Screening for mould allergy with various mould

species. The number of unambiguous positive reactions, i.e.
SPT = +3 (open columns) and RAST = class 2 (hatched
columns) are plotted as a.function of different mould pre-
parations. 1 and 5 represent Spectralgen 1,000 and 5,000
BU/ml respectively and A, B, and C are commercially ob-
tained extracts from three different manufacturers.
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Radioallergosorbent test (RAST)

RAST was performed in duplicate, with stan-
dard discs according to the procedure recom-
mended by the manufacturer (Phadebas
RAST®, Pharmacia, Uppsala, Sweden), against
Cladosporium, Alternaria, Aspergillus and Penicil-
lium and the result was expressed in RAST class
0—4. RAST class 0 was regarded as “negative”,
class 1 as “inconclusive”, and class 2-4 as “posi-
tive”.

RESULTS

Eighty percent of the screened patients had a
“positive” ( +3) SPT to at least one of the five
different species of mould extracts. A “positive”
RAST was found in 52% of the patients. As is
evident from Fig. 1 there was a considerable
difference in the number of “positive” reactions
obtained in SPT and RAST with extracts of
different moulds. Furthermore, mould extracts
of the same species from different manufac-
turers showed wide variations in the number of
“positive” SPT.

Based on SPT results Cladosporium seemed to
be the most common cause of skin reactions
(amounting to 60% of tested patients in the
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Fig. 2. The cumulated frequency of SPT reactions (- to +4) to Cladosporium Spectralgen 1,000 and 5,000 BU/ml and extracts

from manufacturers A, B, and C.
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Fig. 3. The relation between the degree of reactivity to
Cladosporium estimated by SPT (reaction — to +4) using
Spectralgen 1,000 BU/ml and by RAST (Phadebas RAST
class 0—4),

Present study) followed by Alternaria (39%),
Mucor (14%), Aspergillus (13 %), and Penicillium
(2%) based on tests with the most potent ex-
tract (results on Mucor not shown). The cor-
responding figures obtained with RAST were:
Cladosporium 49 %, Aspergillus 28%, Alternaria
25 %, Penicillium 20 %, (Mucor not tested) (Fig. 1).
The mould extracts from different manufac-
turers varied widely in their capacity to elicit
SPT reactions. With Cladosporium Spectralgen
1,000 and 5,000 BU/ml a “positive” SPT was
obtained in 49% and 60% of the patients, but
with extract C only in 10%. The degree of
reactions was expressed by relating the wheal
area of the allergen to the area of a histamine
r.efererlce. The cumulated frequency of reac-
Uons (~ to +4) to Cladosporium is shown in Fig.
2. With extracts from manufacturer C 90% of
the patients had a “negative” or “inconclusive”
Feaction. A shift towards more positive reactions
Was observed with manufacturers A and B. A
ff‘lrther decrease of “negative” and “inconclu-
SIVe” reactions and an increase of “positive”
reactions was observed with Spectralgen 1,000
BU/ml and even more so with 5,000 BU/ml.
_ The relation between SPT and RAST was
Investigated with Spectralgen 1,000 BU/ml
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Fig. 4. The frequency of associated IgE-reactivity (SPT =
+3, RAST = class 2) to Alternaria, Aspergillus, Penicillium, and
Mucor in patients with a positive (SPT = +3) reaction to
Cladosporiwm 1,000 BU/ml.

Corresponding  values of skin reactivity
(+ —system) were plotted against the RAST
class (Fig. 3). It is evident that more than one
third of clearcut “positive” SPT (2 +3) had a
“negative” or “inconclusive” RAST (class 0 or 1).
On the other hand, about one fourth of the
patients with a positive RAST (class 2-4) had an
inconclusive SPT (+1 and +2), but only one was
“negative” (—).

The degree of reactivity to other moulds in
patients SPT-“positive” to Cladosporium was also
investigated. Patients with a “positive” SPT reac-
tion (= +3) to Cladosporium 1,000 BU/ml
showed an associated “positive” SPT (= +3)
with the other tested extracts: for Alternaria
64 %, Aspergillus 22 %, Penicillium 6%, and for
Mucor 52 %. Circulating specific IgE antibodies
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as measured with RAST in patients with a
“positive” SPT to Cladosporium 1,000 BU/ml
were found in 62 % (Cladosporium), 36 % (Alter-
naria), 41% (Aspergillus), and 33 % (Penicillium)
(Mucor not tested) (Fig. 4). The frequency of
associated “positive” reactions to other moulds
was even higher when only patients with a
“positive” RAST to Cladosporium were con-
sidered. “Positive” reactions were found in 46 %
with Alternaria, 52 % Aspergillus, and 46 % with
Penicillium.

DISCUSSION

Airborne mould spores are found in far higher
concentrations than pollen grains (7, 13). In
spite of this only few patients are considered as
having a clearcut allergy to moulds. This may
partly be due to the poor quality of the mould
extracts used for testing (2, 3, 4, 15), but there
may also be a lower tendency to develop allergy
to moulds than to pollen. Although mould aller-
gy is, quantitatively, a minor problem, patients
with clinical disease in the mould season tend to
have severe symptoms. In contrast to pollen,
patients reacting to Cladosporium very often
have asthma, a phenomenon due probably to
the small size of the mould spores (13).

The mould spore load is primarily caused by
high outdoor concentrations in high tempera-
ture and humidity (7). Outdoor spores are im-
possible to eliminate and the only way to allevi-
ate the symptoms of mould allergic patients is
either by medical treatment or immunotherapy.

The clinical efficacy of specific mould im-
munotherapy has not been convincingly docu-
mented and this may partly be due to the
quality of the extracts available for immuno-
therapy. Before immunotherapy is considered,
a precise, reliable, and specific diagnosis is
mandatory, and the problems involved in estab-
lishing this diagnosis have been clearly pointed
out (2, 11, 16).

In the present study SPT and RAST were
used as screening tests. Providing a potent and
allergenically representative extract is used,
these parameters could give very useful diag-
nostic information (2). To be used for screen-
ing a test must be easy to handle, inexpensive,

and highly sensitive. The specificity is less im-
portant than the sensitivity as the test must
“catch” all patients suspected of allergy. Pa-
tients with a false positive reaction may be
disclosed later by the use of more specific tests
(16). This study is not an attempt to evaluate
the results of SPT and RAST in relation to the
“true” diagnosis, but only to investigate the
difference in numbers between patients with
positive reactions to mould extracts from dif-
ferent manufacturers.

The patients were included in this screening
investigation on the basis of a case history of
suspected mould allergy of clinical importance.
The results of the SPT and RAST indicate that
patients with a history compatible with mould
allergy have a high degree of IgE antibody
directed against mould allergens. In order to
ensure that reactions of doubtful nature were
not regarded as evidence of mould allergy, only
wheals equal to or larger than the histamine
reference were accepted as “positive” (1). About
80 % of the patients tested had a “positive” SPT to
one or more of the examined species and ex-
tracts. The very strict criterion was used because
of the possibility of unspecific reactions due to
irritant content (7, 13). Although with the use of
a purified and standardized extract a +1 reac-
tion seemed to be immunologically specific (2)
the same criterion was used for all extracts.

The present study does not evaluate whether
the positive SPT is elicited by toxins or irritants,
although the high number of negative reactions
would seem to indicate that this is not so im-
portant. However, there may be an individual
difference in the susceptibility to unspecific re-
actions in some of the SPT-positive patients. But
the finding that an increase of the allergen
concentration from 1,000 to 5,000 BU/ml only
results in a higher frequency of +4 reactions
(Fig. 2), and does not convert a negative (—)
reaction to a positive (= +1) does not support
this possibility. The sensitivity of RAST in
screening for mould IgE-antibodies was not as
high as that of SPT as only 50% of the patients
had a class 2 reaction, or higher, and only very
few a class 4. The tendency towards low levels of
circulating specific IgE estimated by RAST
might be either a consequence of a genetically
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determined true low level of circulating IgE or,
what is more likely, because mould extracts in-
sufficient in quality and composition were
coupled to the RAST discs (2, 3, 4).

The use of the same extract for SPT and
RAST gave a high degree of correlation (2).
Although a complete accordance could not be
expected, owing to a possible difference be-
tween skin mast cell-bound and circulating spe-
cific IgE (compartmentalization) (14), the ten-
dency towards “negative” RAST valuesin patients
with a convincingly “positive” SPT (+3 and +4)
(Fig. 3) must be a consequence of the quality of
the Cladosporium extract used for coupling to the
allergosorbent discs. In the case of evidence of
circulating IgE (RAST class 1-4) this might not
be the only explanation, as the degree of skin
reaction is not exclusively a consequence of
cell-bound IgE molecules, but also reflects the
releasability of skin mast cells and the local
distribution of histamine receptors (10).

The problems involved in the production of
mould allergen extracts are supported by the
Present study. The complexity and heterogeni-
city of various moulds have been intensively
investigated (3, 5, 6, 8, 14), and the great
difference in the number of “positive” SPT to
individual moulds using extracts from different
Producers (Fig. 1) is a consequence of the in-
adequacy of commercial mould extracts. The
quality of mould extracts is a result of their
Potency as well as their allergenic composition.
The partially purified, standardized Spectral-
gen Cladosporium seemed to be the most potent
€xXtract. To be used as a screening extract all
Important allergenic determinants must be re-
Presented in sufficient concentrations (5). The
difference in diagnostic ability is to a high de-
gree a question of the difference in allergenic
Composition rather than the potency of those
a“(E-‘Fgens present in the extract, as the reaction
in some patients was of the same magnitude as
with Spectralgen and in other patients positive
L0 sPectralgen no reaction occurred at all.

Associated IgE- reactivity to Alternaria, Asper-
gillus, Penicillium and Mucor occurred much
More frequently in Cladosporium-positive pa-
tients compared to the frequency of mould
allergy in allergic persons as a whole (7, 13).
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Co-reactivity to Alternaria and Mucor was found
in more than 50% of the Cladosporium patients
(Fig. 4). Almost all reactions to Mucor were
found in the Cladosporium group. This associ-
ation does not seem to be a coincidence, but is
rather a reflection of a general tendency (gene-
tically determined) to produce IgE antibodies
against mould allergens. Cross-reactivity in the
sense of partial identity between epitopes of the
tested mould species has not been found (13).

Our findings confirm previous reports of the
inadequacy of commercial mould extracts used
for diagnosis in children (2). The general valid-
ity of this conclusion is supported by the similar
frequency of positive and negative reactions in
SPT and RAST in children and adults.

The difference in diagnostic capacity between
the partially purified and standardized extract
and extracts from three other manufacturers
strengthens the need for both qualitative and
quantitative control of the allergenic composi-
tion of extracts and raises doubts about the
value of previous studies of the frequency of
mould allergy.
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