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Background: Human immunodeficiency virus infection is associated with de-
clining immune function and polyclonal B-cell activation leading to elevated IgE-
levels. In selected patient categories, increased total IgE may be associated with
allergic diseases. Furthermore, a significant number of patients with low CD41 cell
numbers have various skin manifestations, eg, eczema and dermatophytosis. Pa-
tients with chronic fungal infections and a tendency to produce increased levels of
specific IgE may become allergic and IgE-mediated mechanism may contribute to
inflammatory reactions in the skin.

Objective: This study investigates IgE-sensitization of patients infected with
human immunodeficiency virus to a panel of fungal extracts ofCandida albicans,
Fusarium moniliforme, Penicillium notatum, Pityrosporum ovale, andTrichophyton
rubrum.

Methods: Fifteen HIV-positive patients with eczematous skin manifestations and
five non-atopic healthy controls were evaluated by basophil histamine release and
skin prick test with fungal extracts. The extracts were separated by sodium dode-
cylsulfate-polyacrylamide gel electrophoresis under reducing conditions and ana-
lyzed by IgE-immunoblotting with sera from the patients and controls.

Results:Thirteen of 15 patients (87%) released histamine to one or more of the
fungi. Skin prick test was positive to one or more fungi in 7 (47%) patients. Patient
sera revealed binding to a wide range of IgE-binding components present in the
fungal extracts. The IgE response was most often directed against a 46-kD main
protein in theCandida albicansextract. There was no correlation between total
serum IgE, CD41 cell counts, and frequency of IgE-sensitization to fungi.

Conclusion: The human IgE response in HIV-infected patients appears to be
polyspecific and may be directed against various fungi of whichCandida albicans
may be an important allergen. It is possible that the sensitization is due to frequent
infections withCandida albicansin this patient population. No unspecific fungal
reactions were noted among control patients. These results suggest that allergen-
specific IgE-mediated mechanism may contribute to the pathogenesis of the eczem-
atous skin reaction in HIV-infected patients.
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INTRODUCTION
Infection with human immunodefi-
ciency virus (HIV) induces a decline in

the immune function because of a pro-
gressive depletion of helper T-lympho-
cytes. This decline results in opportu-
nistic infections with microorganisms
that are part of the environment and the
patients’ own microflora, eg, the skin-
flora.

Patients infected with HIV show a
high prevalence of atopic diseases

(IgE-mediated reactions).1–4 This
might be due to decreased cellular im-
munity and a change or switch in cy-
tokine production to a Th2 like profile
leading to a polyclonal activation of B
cells and increased IgE production.5–8

Furthermore, skin manifestations that
resemble atopic dermatitis are often
observed. This indicates clinical and
immunologic similarities in the patho-
genesis of the skin reactions of patients
with HIV and atopic dermatitis.2,8

Recently, we demonstrated that
atopic dermatitis patients are sensitized
and may react clinically to a range of
fungi that inhabits greasy skin areas
and mucosal surface.9 The same fungi
(Pityrosporum ovale, Candida albi-
cans, Penicillium notatum, Fusarium
moniliforme, andTrichophyton rubrum)
have been reported to infect HIV-pa-
tients,10–15 especially Candida albi-
cans.16 We hypothesize that HIV-in-
fected patients may become sensitized to
these fungi and display IgE-mediated
skin reactions like patients with atopic
dermatitis.

The aim of this study was to exam-
ine a selected group of HIV-infected
patients with reduced immune function
and eczematous skin manifestations
for the presence of IgE antibodies by
basophil histamine release, and skin
prick test towards a panel of fungi.
Two different preparations of fungal
extracts were obtained, ie, a cellular
extract and a culture filtrate extract
containing mainly extra-cellular com-
ponents. Generally, fungal extracts are
inadequately characterized and stan-
dardized extracts are lacking; thus, fur-
ther analysis by IgE-immunoblotting
was performed to identify the IgE-
binding components of the fungi in
these preparations.
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MATERIALS AND METHODS

Patients
This study was undertaken according
to the Helsinki declaration on human
investigations and approved by the lo-
cal ethics committee (protocol KF01-
452/95). Informed consent was ob-
tained from all subjects. Fifteen
patients with HIV infections and clin-
ical findings of eczematous skin man-
ifestations, ie, papules, vesicles or hon-
ey-colored crusting, extensive serous
weeping, folliculitis, pyroderma, and
scaly erythematous dermatitis were in-
cluded. The median age was 54 years
(range 28 to 67 years). Concomitantly,
eight patients were treated with antiret-
roviral medication (zidovudine, di-
danosine, saquinavir, and indinavir),
and nine were treated with antifungal
medication (ketoconazole and fluocon-
azole).

Thirty milliliters of blood was
drawn for histamine release experi-
ments and IgE-immunoblotting. Skin
prick test was performed the same day.
Five healthy non-atopic age matched
donors were included as negative con-
trols.

Fungal Extracts
Fungal extracts includedCandida al-
bicans, Penicillium notatum, Fusarium
moniliforme, andTrichophyton rubrum.
Extracts were delivered lyophilized by
Greer Laboratories, Lenoir, NC. The
fungi had beencultivated in a liquid
trypticase medium for 2 to 3 weeks
before harvesting. The fungus mat was
separated from the medium containing
mainly extracellular components. Cel-
lular and extracellular components
were obtained by extracting mat (cel-
lular extract) and medium (culture fil-
trate) in 0.01 M ammonium bicarbon-
ate. For histamine release and skin
prick test the fungal extracts were dis-
solved in 50% glycerol and kept at
4°C. Pityrosporum ovalewas deliv-
ered in 50% glycerol by ALK-Abello,
Hørsholm, Denmark. For IgE-immu-
noblotting the extracts were reconsti-
tuted with sterile water at the day of
analysis.

Skin Prick Test
Skin prick tests with 1:10 wt/vol fun-
gal extracts in 50% glycerol were per-
formed according to EACCI Guide-
lines17 in duplicate. A 10 mg/mL
histamine, 2 HCl solution was used as
positive control and a 50% glycerol
solution was used as negative control.
Results were read after 15 minutes and
transferred with a strip of tape to
squared millimeter paper. The wheals
were measured at the longest axis and
perpendicular to it. The mean was cal-
culated and a mean wheal reaction of 3
mm or more was considered positive
since the mean wheal size in controls
was less than 2 mm and the standard
deviation was 0.2 mm.

Histamine Release Test
The leukocyte histamine release test
was performed as previously described
with glassmicrofibre-coated microtitre
plates that selectively bind histamine.18

Briefly, 25 mL of whole blood was
incubated for 1 hour at 37°C with fun-
gal extracts diluted with Pipes-AMC
buffer consisting of 10 mM piperazine-
N,N9-bis(2-ethanesulfonic acid), 140
mM sodiumacetate, 5 mM potassiu-
macetate, 30 mM Trizma-T-1503, 0.5
mM calcium chloride, and 1 mM mag-
nesium chloride at pH 7.4. Aliquots
were run in duplicate and tested at six
3.3-fold dilutions of 1:300 wt/vol fun-
gal extracts. The histamine release was
measured spectrophotoflourometrically
with a Gilson flourometer and expressed
as nanogram histamine, 2 HCl per mL
whole blood.18 Positive response was de-
fined as a release greater than 45 ng
histamine, 2 HCl pr mL blood.19

Sodium Dodecylsulfate-
Polyacrylamide Gel Electrophoresis
Sodium dodecylsulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) was
performed with a modified method of
Laemmli20 using a 8% to 16% Tris-gly-
cine Novex precast gelrunning in a
XCell II Mini-Cell (EI 9001) (Novex,
San Diego, CA, USA). The gels were
loaded with 25mL fungal extracts (1
mg dry weight), boiled for 5 minutes
with a reducing buffer containing 2-b-
mercaptoethanol. Electrophoresis was

run for 90 minutes at 125V and protein
bands were stained with Coomassie
Brilliant Blue. The molecular weights
were estimated using molecular-mass
standards (4–250 kD, Novex).

IgE-Immunoblotting
Transfer of protein bands to nitrocel-
lulose membranes (pore size 0.45mm)
was performed with an electroblotter
(Novex). After blotting, the mem-
branes were washed for 1 hour at room
temperature by rocking in TBS buffer
(0.05 M Tris, 0.15 M NaCl, 0.005 M
NaN3, pH 7.4) containing 1% Tween
20. The membranes were incubated
overnight at room temperature with pa-
tient sera diluted 1:10 in TBS buffer
containing 0.1% Tween 20. Normal
sera and human myeloma IgE (4000
U/mL) served as negative control sam-
ples. After washing, the strips were
incubated for 2 hours at room temper-
ature with 0.5 mL monoclonal goat
anti-human IgE (diluted 1:1000) con-
jugated to alkaline phosphatase (Sig-
ma) and the bands were visualized by
addition of nitroblue tetrazolium/5-
bromo-4-chloro-3-indolyl phosphate
(Promega).

Total IgE
The Pharmacia CAP system using anti-
IgE coated immunocaps were used to
measure total IgE in the sera. The as-
say is calibrated according to the WHO
serum standard (International Refer-
ence Preparation 75/502) and values
are reported in kU/L. IgE values less
than 150 kU/L were considered nor-
mal.

HIV Antibodies and CD41 T
Lymphocytes
Antibodies to HIV-1 were detected in
serum by using a commercial recom-
binant HIV-1/-2 enzyme immunoassay
(Abbott, Chicago, IL) and were con-
firmed with an HIV-1 Western blot
IgG assay (Diagnostic Biotechnology
Ltd, Singapore, Thailand). Enumera-
tion of CD41 T lymphocytes was
done by flow cytofluorometry.

RESULTS
Thirteen of the 15 patients (87%) re-
sponded to one or more of the fungi by
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basophil histamine release and seven
patients (47%) were positive by skin
prick test and IgE-immunoblotting
(Table 1). The IgE response was most
often directed againstC. albicans.
Eleven of 15 patients (73%) responded
to this yeast with histamine release.
Respectively, five and seven patients
were positive by the skin prick test and
immunoblotting. Five patients (33%)
reacted toP. notatumwith histamine
release whereas the other fungi gener-
ated less frequent responses. When as-
sessed by the immunoblotting and skin
testing Penicillium notatumwas the

second most sensitizing fungus. The
two different preparations of fungal
extracts showed some variation in the
test responses, eg, cellular extracts of
C. albicansandP. notatumresulted in
more frequent histamine release reac-
tions and skin prick test responses than
the culture filtrates. None of the con-
trol subjects released histamine to the
fungal extract preparations and skin
prick test or immunoblotting recorded
no unspecific test results.

Candida albicansIgE-binding com-
ponents were detected in 7 different
patients (patients nos. 1, 2, 4, 5, 9, 10,

14) by immunoblotting analysis (Ta-
bles 2 a and b). The IgE-immunoblot
clearly demonstrated different IgE-
protein binding profiles of cellular ex-
tracts and culture filtrates.C. albicans
showed 13 IgE-binding components in
the cellular extract and 11 components
in the culture filtrate. Four bands
showed identical molecular weights of
30, 40, 46, and 55 kD. In contrast to
the culture filtrate, the cellular extract
also revealed IgE-binding components
in the high molecular weight area (96
to 125 kD). The most frequently ap-
pearing bands were of molecular

Table 1. Frequency Distribution of Positive Test Results from 15 HIV-Infected Patients

Allergen
Histamine
Release

Skin Prick IgE-Blotting

C. albicans cellular extract 11 (73%)
11

4 (27%)
5

6 (40%)
7C. albicans culture filtrate 7 (47%) 3 (20%) 6 (40%)

P. notatum cellular extract 5 (33%)
5

4 (27%)
4

3 (20%)
3P. notatum culture filtrate 2 (13%) 1 (7%) 1 (7%)

F. moniliforme cellular extract 1 (7%)
1

2 (13%)
3

2 (13%)
2F. moniliforme culture filtrate 1 (7%) 3 (20%) 1 (7%)

T. rubrum cellular extract 2 (13%) 1 (7%) 1 (7%)
P. ovale 0 0 0
Patients responding to one or

more fungi
13 (87%) 7 (47%) 7 (47%)

Table 2a. IgE-Binding Components of C. albicans Cellular Extract

Pt.
no.

125* 115 96 84 70 46–58 46 42 40 37 30 24 18

2 x x x x x x x x
4 x x x
5 x x x x x x
9 x x x x x

10 x x x x x
14 x x x

N 5 6 1 1 3 1 1 1 1 5 2 1 6 1 6

* Molecular weight in kD.

Table 2b. IgE-Binding Components of C. albicans Culture Filtrate

Pt.
no.

72* 55 46 44 40 33 30 23 19 17 12

1 x
2 x x x x x x x x x
5 x x x x x x x x x
9 x x

10 x x
14 x x

N 5 6 2 2 6 2 4 2 2 2 1 1 1

* Molecular weight in kD.
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weights of 18, 30, and 42 kD in the
cellular extract ofC. albicansand 40
and 46 kD in the culture filtrate. Figure
1 shows representative immunoblot re-
sults of IgE-binding to various compo-
nents of C. albicans. Sera from three
patients revealedP. notatumIgE-bind-
ing components (Table 3). The blots
showed 7 and 6 bands in the cellular
and culture filtrates, respectively. Both
preparations shared a 16-kD and
38-kD protein band, which bound IgE
from one to three patients. Two patient
sera displayed five IgE-binding bands
with theF. moniliformecellular extract
and six bands with the culture filtrate
and both blots showed a 32 and 56-kD
component (data not shown). One pa-

tient reacted toT. rubrumand two IgE-
binding components were identified,
but none of the patients were found to
respond toP. ovale. Figure 2 shows
representative immunoblot results
from patients demonstrating IgE-bind-
ing to various components ofF. mo-
niliforme, P. notatum, andT. rubrum.
Immunoblotting with nonatopic sera
and myeloma IgE did not demonstrate
any unspecific IgE-binding. Seven pa-
tients (47%) demonstrated elevated
IgE levels ranging from 491 to 30,744
kU/L with a mean IgE level of 3,021
kU/L and standard deviation of 7,840
U/mL. All 15 patients showed de-
creased CD41 cell numbers, ie, less
than 500 cells/mL (mean 5 80/mL,

standard deviation 91). In 14 patients
the CD41 cell count was less than
200. Only in seven patients with ele-
vated total IgE a correlation was found
between IgE level and decrease in
CD41 count (correlation coefficient
0.51,P , .02 by Mann Whitney test).
No association was found between IgE
or CD41 cell counts and the histamine
release response, skin prick test, or im-
munoblotting.

DISCUSSION
Fungi may infect HIV-positive patients
and some HIV-patients develop severe
eczematous skin manifestations. All
fungi included in this study have been
reported to cause infections in HIV
patients, especiallyC. albicans.16 Fur-
thermore, the same fungi may play a
role in IgE-mediated reactions in
atopic patients.1,21,22 In a pilot study
including 18 patients, we tested HIV-
patients with and without eczema to
the same panel of fungi. We found that
predominantly patients with eczema
responded with a positive test response
(up to 60%, mean) to the fungi whereas
a much smaller fraction of HIV pa-
tients without eczema showed positive
test results (up to 23%, mean). We thus
included the presence of skin manifes-
tations in our selection criteria to test
our hypothesis that IgE-mediated skin
reactions to fungi may contribute to the
skin reactions observed in some pa-
tients with HIV.

This study presents data indicating
that selected fungi in HIV-infected pa-
tients may have allergenic signifi-
cance. The majority of patients were
sensitized toC. albicansand toP. no-
tatum. A similar frequency of sensiti-
zation toC. albicanshas been reported
among patients with atopic dermatitis.9

C. albicanscross-reacts withP. ovale,
however, we did not record any reac-
tions to P. ovale.23 This contrasts our
previous findings among patients with
atopic dermatitis where this yeast is an
important allergen.9

Perhaps patients with HIV are less
exposed to this yeast or the cross-re-
acting allergen is a minor allergen,
which HIV-patients will not produce
IgE antibodies against. The human IgE

Figure 1. Immunoblot results of patients demonstrating IgE-binding to various components ofC.
albicans. From the left:C. albicanscellular extract (pt. 2, 4*, 5, 9, 10, and 14),C. albicansculture filtrate
(pt. 1*, 2, 5, 9*, 10*, and 14). *These patients do not reproduce well on the photographs. Please refer to
the tables. The molecular size of the components is shown in Table 2a-3b.
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response appears to be directed against
a relatively wide spectrum of fungal
components of whichC. albicansand
P. notatumshowed the largest variety
of peptide bands. Both fungi also in-
duced basophil histamine release in the
majority of the sensitized patients. Pre-
viously,C. albicanshas been shown to
contain at least 42 different peptide
bands9 and by using these extract prep-
arations in the present study we de-
tected 20 IgE-binding proteins. All pa-
tients revealed serum IgE directed
against 18 and 30-kD components in
the cellular extract ofC. albicansand a
46-kD component in the culture fil-
trate. The 46-kD component may be
identical to the 46-kD main allergen,
previously identified as enolase.24,25

The histamine release test showed that
most patients responded to the cellular
extract of C. albicans whereas only
half of the patients responded to the
extracellular components in the culture
filtrate. The two fungal extracts ofC.
albicansshowed four bands with iden-
tical molecular weights. It is therefore
likely that a complete separation of
cellular and extracellular components
was not obtained. Further purification
and testing of the IgE-binding compo-
nents should lead to a better extract for
diagnosis.

For this reason, a pooling of cellular
and culture prepared extracts charac-

terized by SDS-PAGE and IgE-blots
may form the best basis for studies on
the clinical relevance ofC. albicans
sensitization.

The discrepancy in the positive re-
sponse rate of histamine release, skin

prick test, and immunoblot is not sur-
prising. The methods detect IgE-sensi-
tization by different methodologies,
which identify allergenic epitopes
through various immunologic mecha-
nisms. The basophil histamine release
test and skin prick test monitors the
mediator release induced by IgE bound
to the surface of basophils and skin
mast cells, respectively, and the immu-
noblotting reveals unbound serum IgE
directed against various fungal compo-
nents. Furthermore, it is possible that
the sodium dodecylsulfate-polyacryl-
amide gel electrophoresis may change
the conformation, affinity, and epitope

Figure 2. Immunoblot results of patients demonstrating IgE-binding to various components ofF.
moniliforme, P. notatum, andT. rubrum. From the left:F. moniliformecellular extract (pt. 1*, 2*),F.
moniliformeculture filtrate (pt. 2*),P. notatumcellular extract (pt. 1, 2*, 5*),P. notatumculture filtrate
(pt. 1), andT. rubrum(pt. 1). *These patients do not reproduce well on the photographs. Please refer to
the tables. The molecular size of the components is shown in Table 2a-3b.

Table 3a. IgE-Binding Components of P. notatum Cellular Extract

Pt.
no.

52* 46 42 38 35 30 16

1 x x x x x x
2 x x
5 x x

N 5 3 2 1 1 1 1 1 3

* Molecular weight in kD.

Table 3b. IgE-Binding Components of P.
notatum Culture Filtrate

Pt.
no.

81* 38 32 28 24 16

1 x x x x x x

N 5 1 1 1 1 1 1 1

* Molecular weight in kD.
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density of the allergens. Another factor
may be the allergen concentration ap-
plied. We do not know the major al-
lergen content in mass units of these
extracts and the concentration may
have been too low for skin prick test-
ing. Perhaps, the more sensitive intra-
dermal skin test would have shown the
same response rate as the basophil his-
tamine release test. Nevertheless, skin
and histamine release testing comple-
ments immunochemical methods by
reflecting sensitization and functional
importance of the allergenic extract
tested. When comparing total serum
IgE to CD41 cell counts we were able
to show an inverse correlation in the
subgroup of seven patients with ele-
vated IgE-level, but not in the entire
group of HIV-patients. This is in
agreement with studies similar to our,
which were unable to show a signifi-
cant correlation.26–28,30–32

In conclusion, IgE-mediated reac-
tions to a panel of fungal extracts were
demonstrated by skin prick testing and
basophil histamine release.Candida
albicanswas the most frequent inducer
of IgE sensitization. This coincides
with the clinical observation that the
majority of HIV-infected patients have
chronic or relapsing infections with
this yeast compared to the other fungi.
This suggests that these fungi are al-
lergenic and may contribute to the in-
flammatory skin reactions observed in
some patients infected with HIV and
fungi.
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