Sp‘eciﬁyc‘IgE antibddies to 16 w1despread ’m(.)ld’

genera in patients with suspected mold allergy

Ase Karlsson-Borga, Per Jonsson, and Wenche Rolfsen

A panel of 55 sera from patients with suspected mold allergy from two different geographic areas, A and B, was
investigated for specific IgE antibodies to 16 individual molds using Phadebas RAS T technique. The molds
investigated were Alternaria, Cladosporium, Aspergillus, Penicillium, Mucor, and Candidua from the former RAST
panel and ten additional new mold genera.
The RAST screening revealed that 73% of patients had specific IgE antibodies 1o at least one of the 16 molds.
Eighteen percent were negative 1o the six molds of the previous RAST panel but had specific 1gE antibodies to at least

one of the ten new molds.

The highest frequency of Igl: antibodies in the A group could be assigned 1o € ‘ladosporium, followed by Botrytis
and Helminthosporium. In group B. sensitivity to Bowrytis and Phoma showed the highest Jrequencies.

This study revealed that the relative importance of mold genera may vary greatly between patient groups from
different geographic arcas. Some of the species of the expanded RAST panel seem to be at least as important as

Alternaria and Cladosporium.

Mudtiple sensitivities seem (o be caused by sensitization by many mold species rather than by cross-reactivity.

INTRODUCTION
Since 1873 it has been known that
inhalation of airborn mold spores
produces respiratory allergic symp-
toms.! Further evidence was pre-
sented by several European workers
in the mid-1920s.” The independent
studies by Prince et al® and Feinberg
and Little* in the 1930s gave con-
vincing documentation and added
much knowledge to the concept.

The reported incidence of mold
sensitization in  atopic patients
ranges from 5% to more than 29%
in different studies.®

Mold allergy has been difficult to
diagnose due to many factors such
as the absence of a clear seasonal
pattern for molds. the poor quality
of mold allergen extracts, and diffi-
culties encountered in the identifi-
cation of molds. Further, of the
thousands of mold genera occurring
in the environment, there are still
many to be investigated with respect
to their role in allergy. In more re-
cent literature, approximately 85
genera have been associated with
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allergy: Alternaria, Cladosporium,
Aspergillus  and  Penicilliom — are
among the most frequently re-
ported.

The aim of this study was to in-
vestigate patients with clinical his-
tory compatible with mold allergy
for specific IgE antibodies against
an expanded panel of widespread
molds.

MATERIALS AND METHODS

Allergens
Freeze-dried source material of the
following 16 individual mold spe-
cies were obtained from Allergon
AB, Sweden. Also given is their
Phadebas RAST® codes.
Penicillium notatum, ml
Cladosporium herbarum, m2
Aspergillus fumigatus, m3
Mucor racemosus, mé
Candida albicans, m5
Alternaria alternata, mé
Botrytis cinerea, m7
Helminthosporium halodes, m8
Fusarium moniliforme, m9
Stemphylium botryosum, m10
Rhizopus nigricans, m11
Aureobasidium pullulans (Pullu-
laria), m12
Phoma betae, m13
Epicoccum purpurascens, m14
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Trichoderma viride, m15

Curvularia lunata, m16
The molds were grown on a com-
pletely synthetic culture medium
under well-defined culturing condi-
tions. The different mold batches
contained both mycelium and con-
idia (spores).

Extraction of the source material
was performed under agitation at 4
to 8 °C in 0.1 M phosphate buffer,
pH 7.4, for one hour at a concentra-
tion between 1/20 to 1/150 wt/vol.
which was individually optimized
for ecach mold. The extract suspen-
sion was clarified by centrifugation
at 19.000 rpm for 30 minutes and
filtered. For the immunoblotting ex-
periments, the crude extracts were
desalted in a column filled with
Sephadex G-25 (Pharmacia AB)
and then freeze-dried.

RAST Assays

The IgE antibodies in the patient
sera were measured using Phadebas
RAST® (Pharmacia Diagnostics
AB) standard procedure in dupli-
cate with the former Phadebas
RAST mold panel (m] to m6) and
ten new mold discs (m7 to m16) of
an extended panel. The results were
expressed in Phadebas RAST® units



(PRU/mL) an arbitrary unit that
refers to a reference curve with a
cut-off at 0.35 PRU/mL. All pro-
cedures were performed according
to the manufacturer’s instructions
for use.

Patient Characteristics

Fifty-five patients with suspected
mold allergy were referred to our
laboratory for specific IgE measure-
ments. Thirty-four patients were
from Scandinavia, mostly from
Southern Sweden and Denmark
(named group A) and 21 patients
from USA. mostly from Alabama
and Pennsylvania (named group B).
The mold allergy diagnosis for all
55 patients was suspected according
to the following criteria: history in-
cluding asthma or rhinoconjunctiv-
itis caused by molds and positive
skin test to one or several molds.
The skin test techniques used were
skin prick tests in the Scandinavian

brane by means of enzyme-labeled
anti-IgE.

The SDS gradient PAGE gel was
molded in Biorad Protein Dual Slab
Cell equipment, according to the
operating instructions. The electro-
phoresis was carried out essentially
as described by Neville*, run at 6
mA/gel for 18 to 20 hours. The
electrophoretic blotting, performed
in a Trans-blot cell (Biorad), and
the immunologic detection using
enzyme-labeled anti-IgE (Phadezym
RAST*") and a chromogenic sub-
strate, were performed as carlier de-
scribed by Bengtsson et al'® and
Yman et al.’

The nitrocellulose immunoblot-
ting inhibition experiments were
performed as follows: the allergens
to be studied were transferred onto
nitrocellulose  strips as  described
above. Before serum incubation of
the strips, the serum (0.5 ml) was

RESULTS

Specific IgE Measurements

A RAST" screening was performed
on the 55 samples of patient sera,
using the former Phadebas RAST®
mold panel (m1 to m6) and ten new
molds (m7 to m16). The screening
revealed that 40 patients (73%) had
specific IgE antibodies to at least
one of the 16 molds. Thirty patients
had detectable  IgE  antibodies
against the traditional mold panel
(m1 to m6) and 40 paticnts against
the expanded panel of 16 molds (Fig
1.

Comparing the two patient
groups A and B. the corresponding
figures for the A group were 22 and
26, respectively. In the B group, the
16 mold panel detected antibodies
in 14 patients as compared with
cight for the traditional range.

Figure 2a shows the frequency of

iwm, which displays the highest fre-
quency, gave positive test results in
17 out of 34 patients. Botryiis, Hel-
minthosporium,  Epicoccum  and
Stemphylium were also very fre-
quent as sensitizing agents. Alter-
naria, Aspergillus and Penicillium
were ranked as Nos. 7, 10, and 12
in the A group.

Figure 2b shows the frequency of
positive tests in the B group. Botry-
tis and Phoma were the most fre-
quent molds in this patient group,
positive in 11 out of 21 patients.
Response to Stemiphylium. Epicoc-
cum and  Helminthosporium  was
also very frequent in the B group. It
can be noted that dlternaria and
Cludosporium have low frequencies
in this group, positive in 4 and 3
patients, respectively. Aspergillus
and Penicillium were ranked as No.
13 and No. 15.

All negative controls showed spe-
cific IgE values well below the cut-
off value.

Allergen Composition Studies
Comparison of IgE antibody con-
centrations measured with different
mold genera shows various degrees
of positive concordance between
species. Botrytis and  Helmintho-
sporium, for example, agreed in
75% of the cases while Alrernaria
and Borrytis did so in only 38%, as
is shown in Figure 3.

To investigate whether the inci-
dence of positive concordance be-
tween certain molds in the RAST
screening was caused by cross-react-
ing allergens, the allergen composi-
tion of different mold genera was
studied. Patterns of specific IgE an-
tibodies to individual allergenic
components were detected on nitro-

cellulose strips after separation of
the proteins by SDS gradient PAGE
applying the enzyme labeled anti-
IgE and a chromogenic substrate.

Figures 4 and 5 show IgE anti-
body specificities of 22 sera against
Helminthosporium and Botrytis, re-
spectively. The IgE responses differ
greatly between different patient
sera. Both Figures show sera with
IgE antibodies to just a few compo-
nents as well as sera with a broad
spectrum of IgE antibodies. The
specificity patterns of the individual
sera against Helminthosporium and
Bourytis have a few similarities but
vary greatly in most cases.

For further study of possible
cross-reacting agents between these
mold genera, RAST inhibition and
immunoblotting inhibition experi-
ments were performed. Figure 6
shows inhibition experiments where

t din: e . 3 ot ) . - — —
group and intradermal testing in the m‘hxbned with 0.5 mL 1:20 (wl/yol) positive tests with the 16' different Cladosporiom j a Botretrs b
USA group. A few of the Scandina- of the allergen extract to be studied. generd in the A group. Cludospor- _ Lo N
vian patients also reacted during a Botrytis Phoma
provocation test to one or several - W
H
molds. Serum from one healthy o elminthosporium Stemphylium
non-atopic volunteer spiked with Number of patients positive with Phadebas®RAST Epicoccum Epicoccum I
myeloma IgE to 500 kU/L. Five
non-atopic volunteers were used as 0 Stemphylium Helminthosporium ]
negative controls. Fracuency
T ihi Candida Rhizopus I
RAST Inhibition
The RAST inhibition experiments B Soroddomel Alternaria Curvularia l
were performed essentially as pre-
/ I ) . Trichod
viously described by Yman et al’ Aureobasidium nehoderma
using 30 uL of serial dilutions of the Phoma Aureobasidium
mold extracts 1:20 (wt/vol). The al-
lergen extracts were incubated with Aspergillus Fusarium
20%1 patient serum for two hours in - Tcondica |
triplicate at room temperature. The Rhizopus andida
RAST discs used as allergosorbents As
y - pergillus
were from the same batches as in Penicillium
the RAST screening experiment. Fusarium Alternaria ]
Nitrocellulose Immunoblotting —
Experiments ' Trichoderma ] Cladosporium
The mold allergens were separated Curvalaria ‘] Penicillium
by SDS gradient PAGE and trans-
ferred to a nitrocellulose membrane Mucor Mucor
by electrophoretic blotting. Specific . o M 10 15
IgE antibodies directed against the 0 10 2 Frequency
molds were utilized as probes to de- =) (=3 ne2n Frequency
tect Fhe ?“crgens; The bands were Figure |. RAST screening of 55 patients sera using the former Phadebas RAST” mold panel Figure 2a. Frequency of positive tests with the 16 different mold genera in group A.
localized in the nitrocellulose mem- ml to m6 and the ten new molds, m7 to m16. Figure 2b. Frequency of positive tests with the 16 different mold genera in group B.
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Figure 3. Degree of positive concordance. Phadebas RAST*, expressed in PRU/mL between
Botryris—Helminthosporium and Botrytis—.Aliernaria.

ww
kd

24

67

3 s

CBB o2

5 6 78 9 10 111213141518 1718 19 92021 N

Figurc 4. [gE antibody specificities of 22 sera against Helminthosporium. N is a negative serum
and CBB is a Coomassie Brilliant Blue-stained gel.

the binding of specific IgE antibod-
ies to Helminthosporium allergens
on nitrocellulose strips was inhib-
ited by Helminthosporium and Bo-
Irytis allergen extracts, respectively.
The immunoblotting results clearly
show that the binding to a few Hel-
minthosporiunm components was in-
hibited by Botrytis but that most of
the allergens are species specific as
seen by these particular patient sera.
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The RAST inhibition results con-
firmed these findings (Fig 6). Inhi-
bition experiments were performed
with Alternaria on the nitrocellulose
strips and with Alternaria and Bo-
trytis extracts as inhibitors, using 3
positive patient sera (Fig 7).

Using serum No. I, binding of
IgE to Alternaria was to a certain
extent inhibited by Borrytis. When
using sera Nos. 2 and 3, however,

the results indicate only species-spe-
cific components. The RAST inhi-
bition in this case also confirmed
the immunoblotting findings.

DISCUSSION
The presence and type of airborne
fungal spores in both indoor and
outdoor air have been studied and
surveys from all parts of the world
have been published demonstrating
large differences. It has also been
generally assumed that the genera
most common in air are also the
most frequent inhalant allergens.’
It is therefore reasonable to assume
that when studying the frequencies
of specific IgE antibodies to differ-
ent molds in distant geographic
areas, differences can be expected.
Cludosporium was reported  the
most commonly found outdoor air-
born fungal spore in most of the
temperate zones of the world to
which Scandinavia is exposed. Pa-
tients from the group A came from
this area. 4lternaria was reported to
be the most common genus in the
outdoor air on the US East Coast
and Midwest, an area with a sub-
tropic climate. The patients from
group B came from this area. Asper-
gillus and Penicillium are the dom-
inant genera indoors. Influencing
factors, often independent of the
outdoor climate, are for instance
temperature and degree of humid-
jty. /112

In the present study, 55 patients
from two different geographic areas,
groups A and B, with suspected
mold allergy were screened for spe-
cific IgE antibodies to a widespread
panel of 16 molds. Approximately
75% of the total patient panel had
specific IgE antibodies to one or
more of the molds. This was an
increase of 33% when using 16
molds instead of the 6 molds in the
former Phadebas RAST® panel. For
group A, the new panel of molds
increased the number of positive pa-
tients by 18% and in group B by
75%.

The frequencies of the 16 molds
in the two patient groups revealed
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Figure 5. IgE antibody specificities of 22 sera against Bor
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Figure 6. Inhibition of specific IgE antibodies to Helminthosporium by Helmintho-
sporium and Botrytis, respectively. CBB is a Coomassie Brilliant Blue-stained gel: 1, 2 and 3 are
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some similarities. Specific IgE anti-
body to Botrytis was very high in
both groups (No. | in group B and
No. 2 in group A) closely followed
by Helminthosporium (No. 5 and 3,
respectively) and Epicoccum (No. 4
in both groups).

Considerable differences were
also found, e.g.. for Cladosporium,
ranked as No. | in group A and only
as No. 14 in group B. Another ex-
ample is Alternaria, ranked as No.
13 and 7. respectively in the two
groups. Phoma and Curvularia also
show large differences in ranking
between the two groups.

Although the patient groups were
small and certainly not representa-
tive of their respective geographic
areas, it is evident that the groups
differ. The reasons behind this dif-
ference might be factors such as cli-
mate, housing and other local fac-
tors.

The genera Botryus, Phoma, Hel-
minthosporium,  Epicoccum, and
Stemphylium, often neglected when
testing for mold allergy, all showed
high frequencies in one or both pa-
tients groups.

Mold allergic individuals are
often sensitive to several mold spe-
cies. This clinical observation had
led to the assumption that the de-
gree of cross-reactivity is high
among mold species, much in anal-
ogy with grass pollen reactivity.
Cross-reactivity between allergens
of different mold genera have been
found, such as that between Alrer-
naria, Stemphylium and Curvu-
laria."® Epicoccum and Fusarium
were shown to exhibit incomplete
cross-reactivity.'* Gravesen and Ny-
holm have demonstrated great sim-
ilarities between Alternaria and Ul-
ocladium.' In other studies little or
no cross-reactivity between mold
genera has been found. Karr and co-
workers'® found no cross-reactivity
between Aspergillus fumigatus and
Alternaria alternata. Salvaggio and
Aukrust found a single antigen but
no allergens in common between
Alternaria alternata and Cladospor-
fwm herbarm.'
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Arernarta and Botrvie,

respectively. CBB is a Coomassie Brilliant Blue-stained gel: 1. 2 and 3 are positive seraz and N is

a negative serun.

In our study we found a few cross-
reacting components in different
mold genera but mostly species-spe-
cific allergens were detected.

We found that an expanded
Phadebas RAST™ mold panel de-
tects more mold-sensitive patients
than the traditional panel of six al-
lergens. The results also indicate
that some mold genera, eg, Borrytis,
Phoma, Helminthosporium and Ep-
fcoccum are at least as important as
Alternaria and Cladosporium. The
relative importance of the mold gen-
era differs greatly between patient
groups. It is also obvious that the
appearance of specific IgE antibod-
ies to many mold genera in one
patient can sometimes be explained
by cross-reacting components, but
probably the patient more often dis-
plays a parallel and independent
sensitivity to different mold species.
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