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In atopic dermatitis (AD), a high prevalence has been reported of type I
reactions and specific IgE to extracts of the commensal lipophilic skin yeast
Pityrosporum ovale. In the present study, a highly significant correlation
(r=Q.ll) was found between levels of anti-/*. ovale IgE and of IgE reacting
with extracts of Candida albicans, both measured by a sensitive ELISA
method. In a series of 128 AD sera, 34 sera reacted positively with both
yeast extracts, 38 reacted with P. ovale but not with C. albicans, and only one
of the 56 anti-F. ovafe-negative sera showed a very weak reaction with
C. albicans. The correlation was due to a marked cross-reaetivity, as shown
by inhibition ELISA. Eluid-phase preincubation of double-positive sera
with either of the two yeast extracts resulted in a dose-dependent, and at
high coneentrations complete, inhibition of the IgE reactions with both coated
P. ovale atid C albicans allergens. Mutual inhibition of IgE-bitiding eould
also be achieved with pools of glyeoproteins and/or polysaccharides isolated
from the crude extracts by Coti A affinity ehromatography. P. ovale
allergens were, however, tnore potent fiuid-phase inhibitors than the
corresponding C. albicans components. The apparently higher avidity for
P. ovale allergens suggests that these antiyeast IgE antibodies in AD result
from sensitization to P. ovale and cross-reaet with C. albicans.

Clinical aspects

Type I allergy to the commensal skin yeast Pityrosporum ovale is very
common in atopic dermatitis (AD), and practically absent in atopies with
respiratory disease hut not eczema. IgE-mediated anti-Candida alhicans
reactions have heen descrihed mainly in relation to atopic asthma. This study
demonstrates that anti-P. ovale IgE antihodies in many AD sera
cross-react with extracts of C. albicans. The demonstration of an apparent
anti-Candida IgE response in asthma patients with concurrent AD might
therefore often reflect sensitization with P. ovale, and thus he related to the
eczema, and not to the respiratory disease.
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In various recent reports a high prevalence (SO-
SO/^) of type I skin reactions to extracts of the lipo-
philic yeast Pityrosporum ovale has been described in
patients with atopic dermatitis (AD) (15, 26, 30),
while specific anti-F. ovale IgE has also been dem-
onstrated in many AD sera (21, 29, 30). Arguments
supporting a pathogenic role of anti-P. ovcde hyper-
sensitivity in AD include 1) the common occurrence
of F. ovale as a usually nonpathogenic member of the
normal skin microflora of healthy adult persons
(6,25); 2) patch test studies with aeroallergens.

showing that AD exacerbations can be induced by
IgE-dependent, contact-allergic reactions to macro-
molecular allergens present on the skin surface (2, 7,
20, 23); and 3) reports of successful antimycotic
treatment of AD patients with "head-and-neck" der-
matitis (3, 28); that is, with eczema mainly in the
sebaceous areas of the skin. As a lipophilic organ-
ism, P. ovale preferentially colonizes the same skin
areas (6, 25).

In two of the studies on anti-/". ovale IgE antibod-
ies in AD, a significant correlation was noted with
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levels of serum IgE reacting with extracts of another
common yeast, Candida albicans (21,29). Anti-
C. albicans type I allergy has previously been de-
scribed in many reports and has been mainly asso-
ciated with respiratory allergy, particularly extrinsic
asthma (1, 5, 8, 10, 14, 17, 18, 22). None of these
studies has mentioned a possible relation between
these two antiyeast IgE-reactions. We have therefore
investigated the correlation between anU-P. ovale
and anti-C. albicans IgE in more detail in a large
series of AD sera. Inhibition ELISA (enzyme-linked
immunosorbent assay) with crude extracts and
with semipurified IgE-binding glycoprotein/poly-
saccharide fractions revealed the presence of mark-
edly cross-reacting IgE-binding structures in the two
yeast extracts.

Material and methods
Antigens and antibodies

Eyophilized extracts of P. ovale (product no. 33.04)
and C. albicans (33.01) were kindly provided by
Eaboratorium Diephuis (Groningen, The Nether-
lands), a subsidiary of ALK (Allergologisk Labora-
tories, Copenhagen, Denmark). In a series of control
experitnents, anti-Candida IgE was also assessed
with C. albicans extract ("Candidin") from HAL
(Haarlem, The Netherlands). The two commercial
C albicans preparations gave virtually identical re-
sults. Standard stock solutions were prepared by
dissolving 10 mg of the dry, lyophilized material in
10 ml phosphate-buffered saline (PBS) containing
0.01% sodium azide. After filtration through a
0.22-|im Millipore, the solutions were stored in small
aliquots at -40°C until use. Setnipurified pools en-
riched for IgE-binding glyeoproteins and/or polysac-
charides were obtained by affinity ehromatography
on Sepharose-bound concanavalin A (4). After dia-
lysis against PBS-azide and concentration by ultra-
filtration, the pools were stored in aliquots at - 40 ° C.

Sera were obtained from AD patients of the De-
partments of Dermatology and Allergy of University
Hospital Utrecht (29).

ELISA

Anti-/*. ovale and anti-C. albicans IgE reactivity was
assessed by ELISA, as described previously (29).
Briefiy, wells of microtiter plates (Nunc maxisorp,
Nunc, Roskilde, Denmark) coated with yeast ex-
tracts at 0.1 mg/ml in PBS were incubated for 2h
with 1/10 diluted sera in PBS-Tween (0.05%), and
bound IgE was measured by incubations with mono-
clonal mouse antihuman IgE (Central Laboratory of
the Red Cross Blood Transfusion Service (CLB),
Amsterdam, The Netherlands), biotinylated rabbit
antimouse lg (Dakopatts, Copenhagen, Denmark),

avidin-peroxidase (DAKO), and o-phenylenedia-
mine (Sigma Chemicals, St Louis, MO, USA). Atiti-
house-dust-mite, anti-grass-pollen, and anti-birch-
pollen IgE were determined by the same ELISA
method, in which microwells were coated with 1/25
diluted allergens from HAL (product nos. 02-00
(Dermatophagoides pteronyssinus), 07-00 (grass pol-
len mix), and 11-02 (pollen mix of Betula species);
stock solutions 10000 AU/ml).

Inhibition ELISA

Eor inhibition ELISA studies, serum samples di-
luted in PBS-Tween were mixed with dilutions of
allergen pools or crude extracts, and preiticubated
for 2 h with continuous shaking at rootn tempera-
ture, and overnight at 4°C. Positive controls were
diluted and preincubated in PBS-Tween alone. After
preincubation the mixtures were added directly to
microwells that had been coated overnight with ei-
ther the same or another allergen extract or pool, and
the binding of IgE was assessed as described. Serum
dilutions were chosen such that positive controls
gave OD4g2 values of 1.0-1.5. The preincubation
overnight was included for practical reasons and
was not strictly required to detect significant inhibi-
tion. On the other hand, overnight preincubation in
PBS-Tween alone did not affect serum antibody ac-
tivity, since preincubated diluted sera gave virtually
the same results as freshly diluted sera.

Results
Correlation of anti-P. ovale and anti-C. albicans IgE
levels

Levels of serum IgE reacting with coated extracts of
either P. ovale or C. albicans showed a strong statis-
tical correlation. In both assays, the OD492 values
obtained with 128 sera of AE) patients showed a
log-normal distribution (Fig. 1), and linear regres-
sion analysis on this double-log plot revealed a cor-
relation coefficient (r) of 0.77 (Eig. 1). The presented
data are the combined results of series tested on
different days; r values in the separate series varied
from 0.71 to 0.83. The inclusion of negative data in
the analysis (OD values < 0.1) had little effect on the
result, since a similar analysis of the subpopulations
of anti-/*. ovale positive, anti-C. albicans positive, or
double-positive sera showed correlation coefficients
of 0.71, 0.71, and 0.70, respectively.

A positive IgE anti-Candida reaction was very rare
in the absence of detectable anti-/*. ovale IgE; for
most double-positive sera, the anti-P. ovale reactiv-
ity was markedly stronger. With a threshold OD492
value of 0.1 (29), 55 and 34 sera were double-negative
or -positive, respectively; 38 sera had detectable
anti-P. ovale IgE but were negative on a coating of
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Fig. 1. Correlation between anti-P. ovale and anti-C. albicans IgE
reactivity in atopic dermatitis. OD492 values obtained with 1/10
diluted sera in ELISA wells coated with C. albicans or P. ovale
extract (0.1 mg/ml) are plotted on x-axis and y-axis, respectively.
Dotted lines mark lower detection limits for positive reaction.

C. albicans; and only one serum showed a positive,
although very weak, reaction with C. albicans in the
absence of detectable anti-P. ovale IgE (Eig. 1).

Cross-reactivity of whole extracts

Inhibition ELISA was performed to assess whether
the correlation shown in Eig. 1 was due to immuno-
logic cross-reactivity. In sera with a pronounced IgE
reaction towards both P. ovale and C. albicans, com-
plete and dose-dependent inhibition was observed
after preincubation with either of the two extracts;
indeed, the extracts showed no quantitative differ-
ences in their capabilities to inhibit IgE reactions
with the same or the other extract (Fig. 2).

In contrast, C. albicans extract had either no ca-
pacity or a much lower fluid-phase inhibitory capa-

OD492

Z.0-.

0.5-

« • • P. ovale
aOD c. albicans

-II-

fluid-phase inhibitor (pg/mi)

Fig. 2. Inhibition of anti-P. ovaie and anti-C. albicans IgE by fluid-
phase incubation with extracts of P. ovale (closed symbols) or
C. albicans (open symbols). Circles, triangles, and squares repre-
sent data obtained with three different AD sera. Bars show OD492
values obtained after preincubation of sera in buffer alone.

city than P. ovale allergens, when inhibition of the
anti-P. ovale IgE reaction was studied in three sera
with a strong (sera 015 and 020) or moderate (013)
anti-P. ovale reaction, and a low (015) or (practical-
ly) absent (013, 020) anti-C. albicans titer (Table 1).
This indicates that the low anti-Candida IgE reac-
tivity of these sera was not due simply to an insuf-
ficient coating of the relevant allergens.

To exclude the possibility that the observed cross-
inhibition was due to nonspecific binding of IgE, we
performed similar experiments with coated extracts
of house-dust mites, grass pollen, and birch pollen,
using AD sera with a known level of appropriate
specific IgE. None of these IgE reactions was af-
fected by preincubation of the sera with P. ovale or
C. albicans extracts (Eig. 3).

Inhibition-ELISA with isolated glycoprotein/
polysaccharides

The cross-reactivity of P. ovale and C. albicans al-
lergens was investigated in more detail with the
glycoprotein/polysaccharide pools eluted from

Table 1. Fluid-phase inhibition of anti-P. orate IgE by P. ovale, but not by C. aibicans, extract, in sera with low anti-C. aibicans IgE reactivity

Reaction with coating of P. ovaie

Preincubation Serum 013 Serum 015 Serum 020

Buffer (PBS-Tween)
P. oi/a/e0.01 mg/ml
P. ovale ii.} mg/ml
C. aibicans 0.01 mg/ml
C. aibicans 0.1 mg/ml

0.62
0.27 (56%)
0.13 (79%)
0.70 (<0%)
0.56 (10%)

1.40
0.41 (71%)
0.05 (96%)
1.38(1%)
1.08(23%)

1.38
0.29 (79%)
0.10 (93%)
1.58 (<0%)
1.50 (<0%)

0D4g2 values (and % inhibition compared with positive control). In EtlSA for anti-C. aibicans IgE, the OD^g^ values with 1/10 diluted sera were 0.069 (serum 013), 0.27 (015),
and 0.11 (020).
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Fig. 3. Specificity of the cross-reactivity of P. ovale and C. aibi-
cans. Binding of IgE to ELISA wells coated with house-dust-mite,
grass-pollen, or birch-pollen allergens after preincubation of three
AD sera with extracts of P. ovale (closed symbols) or C. aibicans
(open symbols).

Sepharose-concanavalin A columns. As shown else-
where, more than 90% of the IgE-binding capacity
of the crude yeast extracts resides in these pools of
lectin-binding components (4). The 0.5 M nianno-
side eluates were used since these had the highest
IgE-binding activity per microgram (4). Inhibition
EEISA was performed with four different sera, since
prehminary experiments had revealed a marked vari-
ation among sera in the avidity of their specific IgE
antibodies. After preincubation with three concen-
trations of the allergen pools, the residual specific
IgE antibody activity was assessed in wells coated
with either whole extracts or wells coated with the
isolated Con A pools.

In 30 of the 32 tested combinations of serum,
coated allergen, and fluid-phase inhibitor, a dose-
dependent, and sometimes nearly complete inhibi-
tion was observed (Eig. 4). In one serum (no. 6380),
the Con A eluates of both extracts did not inhibit the
binding of IgE to the Candida whole extract. The
anti-Candida IgE of this serum might thus be par-
tially directed against components that do not bind
to Con A (4). The other three IgE reactions of this
serum - with P. ovale whole extract and with the
Con A eluates of both yeast extracts - were inhib-
ited for at least 40% at the highest inhibitor concen-
trations. These observations and the data obtained
with the other three sera thus confirmed our conclu-
sion that anti-P. ovale and anti-C. albicans IgE in
most AD sera are mainly directed against the Con A-
binding fractions (4).

Marked quantitative differences were noted, how-
ever, among the various inhibition curves, from
which we determined the allergen concentration re-
quired for 50% reduction of the OD492 value (Ci(50)),
and calculated l/Ci(50) as a measure of the inhibi-
tory capacity (Table 2). Since fluid-phase reactions
are involved, this parameter should depend only on
the concentrations of relevant components in the
allergen pools, and their avidities for the patients'
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Fig. 4. Cross-reactivity of IgE-binding, Con A binding glyco-
proteins/polysaccharides isolated from P. ovale and C. albicans
extracts. Diluted AD sera were preineubated with three concen-
trations of Con A eluates of P. ovale (closed lines) and C albicans
(dotted lines), and then tested for residual IgE binding to ELISA
wells coated with P. ovaie Con A evaluate (•), C. albicans Con A
eluate (o), P. ovale whole extract (A), or C albicans whole extract
(A). Residual IgE-binding is plotted as the relative OD4q2 value
compared with that of the corresponding positive controls.

IgE antibodies. The observed values appeared to be
determined by the choice of the serum and the fluid-
phase inhibitor, while being relatively independent of
the coated allergen in the final readout assay (Ta-
ble 2). This confirms our conclusion that in most
sera the same population of IgE antibodies was in-
volved in the reactions with the two crude extracts
and the two Con A pools of P. ovale and C. albicans.
The avidity of the IgE antibodies might, however,
differ 10-50-fold among different sera. It further ap-
peared that in all cases the P. ovale allergens were
more potent fluid-phase inhibitors, giving l/Ci(50)
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Table 2. Fluid-phase binding of IgE by P. ovale and C. albicansCon A eluates. The figures show l/C, (50) as a measure of the inhibitory capacity, in which C^ (50) is the concentra-
tion ([ig protein and carbohydrate per ml) required for 50% reduction of IgE binding in inhibition ELISA

ELISA
coating

P(e)
P(w)
C(e)
C(w)
P(e)
P(w)
C(e)
C(wl

Fluid-phase
inhibitor

P(e)
Pie)

Pie)

Pie)

Cie)

Cie)

Cie)

Cie)

6529

151,5
175.4
76.9

153.8
5.7
5.7
4.4
4,8

6380

20,0
20.0
17,5

<0,05
0,5
0,4
0,1

<0,05

Serum no.

2212

32,3
34,5
52,6
38,5
1,1
1,2
3.0
1,4

4478

2,5
2,2
6,3
3,4
0,4
0,4
0.2
0,1

P (w); P. ovdie whole extract; P ie): P ovale Con A eluate; C (w): C. albicans whole extract; C (e); C. albicans Con A eluate.

values that were 5-100-fold higher than those ob-
tained with the corresponding C. albicans pools.

Discussion
Interest in P. ovale as a source of type I allergens is
of recent origin. To our knowledge, no reports on the
subject were published before 1980, and most have
appeared during the last 5 years (3, 12, 13, 15, 21, 26,
28, 30). Their main conclusions are 1) a high (50-
80%) prevalence in AD of type I skin reactions and
specific IgE in response to P. ovale extracts, and 2) a
complete or nearly complete absence of this reactiv-
ity in either controls with nonatopic skin disease
(15,26) or atopic controls with rhinitis and/or
asthma, but no eczema (21, 29, 30). In contrast,
einti-Candida allergy has been described in many re-
ports, some of which were published more than
50 years ago (1, 5, 10, 14, 18; reviewed in ref. 22),
and has been associated with a wide range of dis-
eases. These include skin diseases such as urticaria,
cutaneous candidiasis, and psoriasis (11, 22), and -
in at least one report - AD (19). Most of the recent
studies, however, have focused on the possible role
of Candida type I allergy in respiratory disease, par-
ticularly bronchial asthma (8, 17, 18).

In our previous study (29) and in one other report
(21), highly significant correlations were found be-
tween anti-f. ovale and anti-C albicans IgE reactiv-
ity. Although the levels of anti-P. ovale IgE also sig-
nificantly correlated with those of other allergen-
specific IgE antibodies, the correlation with anti-
cs, albicans IgE was most pronounced, and was the
only one with r >0.70 (29). Because of the taxo-
nomic relationship of the two allergen sources -
both being yeasts - we expected this correlation to
be due to cross-reactivity of IgE-binding compo-
nents, and this was confirmed in the present study.
Moreover, we demonstrated that the cross-reactive
components belong to the pools of Con A-binding

glycoproteins and/or polysaccharides, which in our
accompanying study appeared to contain most of
the allergenic activity (4).

The avidity of the cross-reacting IgE antibodies in
AD sera, however, may be markedly higher for P. ov-
ale than for C. albicans (Fig. 4; Table 2), and this
would explain the generally lower reactivity in direct
ELISA with a coating of C. albicans extract. Alter-
natively, the concentration of relevant allergenic
components might be higher in the P. ovale extracts,
but this seems improbable, since in dose-response
experiments the regularly used coating concentra-
tion (0.1 mg/ml) for most sera appeared to be ex-
cessive (not shown). Indeed, for a great number of
sera, the difference in reactivity with the two extracts
is such that a moderate or strong anti-/". ovale IgE
reaction is found together with a low or completely
absent anti-C. albicans IgE titer (Fig. 1), and these
apparently P. ovofe-specific IgE antibodies could be
only marginally inhibited by preincubation with
C. albicans extract (Table 1).

Recently, Savolainen & Broberg have also re-
ported the presence of cross-reacting anti-P. ovalej-
C. albicans IgE antibodies in a small number of
atopic children (27). They concluded that the cross-
reactive components are probably high-mol.-wt.
mannan polysaccharides, in agreement with our own
findings (4). Further confirmation comes from the
observation of a high prevalence in adult AD pa-
tients of anti-C. albicans mannan IgE, which cross-
reacts with mannan pools of several yeast species,
including P. ovale (Nermes, Savolainen et al., per-
sonal communication). In contrast, Koivikko et al.
(16) have reported a low level of cross-reactivity
(6%) of sheep and rabbit anti-C. albicans IgG anti-
bodies with P. ovale extract. Similarly, we have found
only ±10% cross-reactivity with a commercial
(DAKO) rabbit anti-C. albicans IgG preparation
(not shown). In our opinion, this mainly indicates
that the component- and epitope-specificity of IgG
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antibodies raised by active immunization completely
differs from that of the human IgE response. On
the other hand, the sets of potentially IgE-binding
epitopes in the two yeast extracts are certainly not
identical, as shown by the presence of apparently
species-specific anti-/". ovale IgE, and the marked
quantitative differences in reactivity of cross-reacting
antibodies.

Since many asthma patients have a history of AD
or current eczema (9, 24), our data suggest that most
of the anti-C. albicans IgE reactions found in asth-
matic patients with associated AD might be due to
the presence of cross-reacting anti-/*. ovale IgE, thus
being primarily related to the patients' eczema, and
not to the respiratory disease. In none of the stud-
ies on anti-Ca«a'/c/(7 type I allergy could we find evi-
dence of different anti-C. albicans IgE levels in asth-
matic patients with or without a history of eczema.
In the present study, AD sera were studied retro-
spectively, and reliable clinical data on the presence
of respiratory allergy were available only in a sub-
group of all patients. Analysis of those data and
additional preliminary results obtained with sera of
patients with AD, asthma, or both atopic diseases
suggest that the presence of anti-C. albicans IgE in
AD patients - like the anti-P. ovale IgE reactivity
(29) - is only weakly associated with a history of
respiratory allergy. On the other hand, until now we
have found few examples of sera with apparently
species-specific anti-C. albicans IgE, and no anti-
P. ovale IgE, from patients with respiratory allergy
but no eczema (not shown). Obviously, larger num-
bers of patients with AD, asthma, or both diseases
have to be studied to assess the contribution of
cross-reactive IgE in both types of antiyeast type I
allergy. At present, we conclude that in AD, anti-
Candida IgE can be frequently found, but usually
reflects the presence of cross-reacting anti-P. ovale
IgE.

The clinical significance of antiyeast IgE reactions
remains debatable. Since P. ovale is one of many
allergens to which AD patients may be sensitized,
we presume that anti-/*. ovale IgE is not a single and
primary pathogenic factor in AD. On the other hand,
igE-mediated reactions to P. ovale might contribute
significantly to the infiammatory process, particu-
larly because there is permanent allergen production
on the skin by this member of the skin microflora.
In this respect, P. ovale clearly differs from C. albi-
cans, which may also be frequently found on the
human skin, but not as a member of the resident
microfiora. Therefore, if there is a role for antiyeast
IgE in the pathogenesis of AD, involvement of anti-
P. ovale IgE reactions appears to be much more
probable than anti-C. albicans allergy. In contrast,
anti-C. albicans IgE reactivity would be more rele-
vant in asthma, where allergen exposure of the air-

ways might result from saprophytic Candida growth
on the mouth and throat mucosae (16), while the
presence of the lipophilic P. ovale at these sites is
improbable. The cross-reactivity described here,
however, suggests that, in patients with both asthma
and AD, possibly pathogenic anti-C. albicans IgE
antibodies result from AD-related sensitization to
P. ovale.
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