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The untigenic properties of conidial prepurati0n.s qf Aspergillus fumigatus were c,ompured wi?h 
m~celiul und culture jiltrate e.rtracts by use of sera of patients with uspergiilosis und 
hyperimmune rubbit serum. Biologic uctivitie.7 b+‘ere tested by intracutuneous tests. The 
immunologic purumeters used were: precipitating propertie,s in double-diffusion, i,gG binding b\ 
ELISA, IgE binding by enzyme inhibition ussuy, und by enzyme ui/ergosorbent test. It bus been 
demonstruted thut the components thut ure releused ufter disintegrhction oj’ spores huve positi\zc 
titers in ull immunologic USSUJY. The immunologic properties c$ these spore plusmu extructs O~P 
c,ompuruble with myeliul undlor culture jiltrute extructs thut ure in uccordunce with tht 
corresponding skin reuctivities. Components that ure releused spontaneously from spores ure 
only weukiy positive or negative in the immunologic assuys und demonstrate a vet? low lkio,qi~ 
(&vi&. fJ ALLERGY CLIN IMMJNOL 73:X57. 1984.) 

In the clinical and immunologic studies of aspergil- 
losis, two types of antigenic extracts of A. futnigatus 
have been used mainly for routine purposes, mycelial 
antigens, and CF concentrates. Antigens from both 
sources demonstrate IgG- and IgE-binding properties 
in a variety of lung diseases caused by A. fumigatus .’ 
However, less information is present on the role of 
conidial antigens in disorders such as ABPA and AA. 
A possible role for Aspergillus S antigens in these 
disorders is supported by the observations of Stevens 
et al. ,z demonstrating obstructive reactions in patients 
with allergic aspergillosis and aspergilloma after inha- 
lation of AspergilZus antigen from disrupted Ss. Stud- 
ies of the chemical composition of conidial and MY 
extracts of A. fumigutus demonstrated large differ- 
ences in polysaccharides.3 In accordance with the 
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Abbreviutions used 
CF: Culture filtrate 

R: H;yperimmune rabbit serum 
EIA: Enzyme inhibition assay 

EAST: Enzyme allergosorbent test 
S: Spore 

SP: Spore plasma 
ABPA: Allergic bronchopulmonary asper&llosis 

AA: Aspergillus asthma 
MY: Mycelium 

SS: Spore surface 
DD: Double-immunodiffusion 

chemical differences, extracts of disrupted conidia 
were demonstrated to contain specific antigens (by 
use of R) that are not shared with my&id and/or 
medium derived antigens.4 However, ir&mation on 
IgG- or IgE-binding properties of conidial antigens 
with sera of patients with aspergillosis is lacking. 

The purpose of this study therefore was to investi- 
gate the antigenic and allergenic properties of extracts 
of Ss of A. furnigatus together with the antigenic ex- 
tracts derived from MY and CF with sera of patients 
with aspergillosis. 
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Since patients with ABPA or AA may demonstrate 
a rapid onset of symptoms after exposure to air con- 
taminated with&e@k~ , the antigens that are spon- 
taneously released from Ss of A. jiimigutus were also 
studied in addition to the antigens from the S cell 
content after destruction of the Ss. 

MATERIAL AND METHODS 
Antigens 

Three different sources for extracts of A. fumigutus have 
been used in this study: (I) CF antigens were prepared as 
described earlier’ from a strain isolated from a patient with 
aspergilloma. Generally late-phase cultures (incubation 
time 25 wk, see legend to Figs.) were used, but in some 
studies extracts of younger cultures (incubation time 10 
days) were also used. (2) Antigens of mycelial origin were 
prepared from the same cultures as used for the CF-antigen 
preparation. The cultures used were grown for either 10 or 
35 days of cultivation in a Sabouraud-glucose medium’ as 
indicated. MY destruction and preparation of the MY ex- 
tract was done according to the procedure of Kim and 
Chaparas.6 (3) Ss of A. fumigutus (cultured and kindly 
supplied by Diephuis Laboratories) were obtained from cul- 
tures of the same strain on Sabouraud-glucose agar plates. 
Ss were harvested after 7 days of growth. Microscopic 
examination demonstrated less than 1% mycelial fragments. 

S extracts were prepared by shaking 5 g of Ss in 250 ml 
of phosphate-buffered saline (pH 7.2). An amount of 0.1% 
of azide (NaNs) was added in order to prevent both micro- 
bial growth and germination of the Ss. The suspension was 
agitated at 100 rpm (R.T.) for 48 hr followed by Seitz 
filtration. The supematant was centrifuged for 30’/ 
24,000 x g at 5’ C, dialyzed against deionized water, and 
lyophilized. For dialyzing, Visking dialyze tubing (Visking 
Corp., Chicago, Ill.) was used with a molecular weight cut 
off of & 10,000 daltons. It is assumed that the components 
extracted in this way are mainly liberated from the spore 
surface (SS antigen). The (intact) Ss, collected after Seitz 
filtration, were homogenized in a small volume of water and 
destructed by Braun homogenization by use of glass beads 
with a diameter of 0.06 mm. Microscopic examination 
demonstrated about 60% destruction of the Ss. Glass beads 
and cell debris were removed by differential centrifugation 
(5’/300 x g and 30’/24,000 x g, respectively) and the su- 
pematant, SP antigen, dialyzed and lyophilized. It was ob- 
served with both extracts (SS and SP) that some of the 
material was not redissolved (caused by autodenaturation) 
after lyophilization. Therefore in a separate experiment, the 
supernatants from SS and SP obtained after centrifugation 
were divided into two equal portions: one was treated as 
described above, and the other portion was concentrated by 
Amicon diaflow filtration (Amicon B.V., Oosterhout, The 
Netherlands) by use of UM-10 filters. The final volume of 
this second portion was made equal to the volume used for the 
corresponding lyophilized material. 

The Amicon concentration procedure appeared to be 
milder, showing less autodenaturation. (Extracts demon- 

strating denaturation were centrifuged before use in the dif- 
ferent assays.) Extraction procedures using 5 g of intact Ss 
demonstrated yields of 84.8 mg of SS antigen (1.6%) and 
219.6 mg of SP antigen (4.4%). 

Sera used in this study are from patients with ABPA, 
Aspergillus asthma, and aspergilloma. The criteria used for 
diagnosis were (a) ABPA: history of obstructive reactions, 
infiltrations and (central) bronchiectasis on x-ray film of the 
chest, immediate skin reactivity to A. fumigatus , positive 
RAST to A. fumigutus antigen and elevated serum-total IgE, 
the presence of precipitating antibody to A. fumigatus , and 
peripheral blood eosinophilia; (b) Aspergillus asthma: his- 
tory of obstructive reactions, normal chest radiograph, pos- 
itive skin test and RAST to A. fumigatus, and absence of 
precipitating antibody to the antigen; (c) Aspergilloma: clin- 
ical and r6ntgenologic indications, e.g., hemoptysis and 
typical “fungus ball” with air crescent and the presence of 
precipitating antibody to A. fumigatus Sera were routinely 
characterized for the presence of precipitating antibodies as 
described earlier, and specific IgE antibodies were mea- 
sured by RAST (Pharmacia, Woerden, The Netherlands). 
Furthermore, serum was used from a pool of three rabbit 
sera (R) that was hyperimmunized with a CF antigen as 
described previously.: 

Antigenic extracts were studied by means of (1) DD ac- 
cording to Ouchterlony by use of sera of patients with 
ABPA and aspergilloma and R; (2) an ELISA procedure 
measuring IgG-antibody titers as described earlieri; in short, 
250 ~1 of ELISA buffer and 1 ~1 of patient serum were 
added in duplicate to wells of microtiter plates previously 
coated with uspergillus antigen. Human IgG antibodies 
bound to the antigen are detected by a double antibody assay 
by use of rabbit antihuman IgG followed by incubation with 
the enzyme conjugate (goat anti-rabbit alkaline phos- 
phatase). Detection of the bound enzyme is performed by 
addition of substrate and spectrophotometrical determina- 
tion of product formation at 405 nm; (3) an indirect method 
EIA for measuring IgE-binding properties; this was per- 
formed by use of the Phadezym RAST assay (Pharmacia) and 
Aspe@/us-coated discs of Pharmacia. Samples of a pool of 
10 sera from patients with elevated IgE antibodies against 

A. fumigatus (diluted 1: 2 in the PDT buffer supplied with 
the Phadezym RAST assay) were incubated for 3 hr at 20” C 
with increasing concentrations of the antigenic extracts. 
Thereafter residual IgE was measured by Phadezym RAST 
assay. In this Phadezym RAST assay, the De*-anti-IgE 
serum is labelled with the enzyme beta galactosidase. De- 
tection of the IgE-bound enzyme conjugate is done by the 
splitting of the enzyme from its carrier followed by the 
measurement of the liberated enzyme by addition of the 
substrate according to the producers instructions (Phar- 
macia). The reaction is stopped, after 2 hr of incubation at 
37’ C, by addition of 1.0 ml stop solution, and the absor- 
bance is measured at 420 nm. The absorbance values ob- 
tained with the incubation buffer in the absence of serum 
and the values obtained with the pool serum of 10 healthy 
individuals (normal control serum) were used as controls; 
(4) a direct method EAST for measuring the IgE-binding 
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FIG. 1. IgG-ELBA antibody titers of individual sera and 
mean number of precipitates against extracts of /l. 
fumigatus. ., sera of patients with ABPA or aspergilloma 
(n = 15); 0, sera of healthy individuals; e, blanc value in 
absence of sera; l-l, mean of IgG-ELBA titers of pa- 
tient sera; MY extract, batch no. 053, 35 days of cultiva- 
tion; CF, batch no. 053; SS antigen. Inset shows mean 
number of precipitates (fl found by DD with patient sera. 
Level of statistical significance obtained by Student’s 
paired t test is illustrated. 

capaciQ of the extract>; Antigens (10 mglml) were immo- 
bilized on CNBr-activated paper discs as described by Karr 
et al.” IgE binding of sera with elevated IgE antibodies 
against .4. @@UUS was measured by use of the D+ 
specific enzyme conjugate and the assay conditions of the 
Pharmacia Phadezym RAST assay as described under 3. All 
given titers of 1gG and IgE measurements by RAST, EIA, 
and EAST are the means of duplicate measurements. 

Assay of hemolytic complement 
consumption 

The capacity of the different extracts to decrease the total 
hemolytic complement was measured by incubating 1 ml 
volumes of serum of two normal healthy individuals for 60 
min at 37” C with 1.5 ~1 (100 mg/ml) of the antigenic 
extracts. Total and residual complement hemolytic activity, 
before and after incubation of the extracts, was measured by 
CHsO titration according to the technique9 of Mayer and 
expressed as percent of the total hemolytic complement 
(100%) 

Con&o1 exriments with 15 ~1 of double-distilled water 
instead of antigenic extract did not reveal any decrease in 
hemolyric activity. Since the sera of the healthy volunteers 
did not contain antibodies against 14. fumigutus as revealed 
by the absence of precipitating antibodies to the extracts, it 
is assumed that loss of complement was mainly the result 
of alternative pathway complement activation as reported 

FIG. 2A. IgG-ELISA antibody titers of sera of patients with 
aspergiiioma (A to D) and ABPA (E to kl) against extract of 
A. fumigatus. Lines connect absorbance values obtained 
with single extract. W--C+ CF, batch no. 058; a--. and 
W--U, SP extrac:ts prepared by Amicon filtration and 
lyophilization, respectively (see Method and Materiais)” 
m---m and L--L., !SS antigens Amicon filtrate and lyaphili- 
sate, respectivelqv. All S extracts, batch no. IX?‘! 

also by LMarx and Flaherty.“’ But the invoivemefit of 
complement activation by the classic pathaq cannot be 
excluded.” 

Intracutaneous tests were performed with the ~umgens 
dissolved in Ccca’s solution (0.5 mgml> and filtered 
through Millex-CiS filters (Millipore Nederla&, &en-Leul-. 
The Netherlands I. Skir, tests were carried lout on panents 
previously selectfzd by demonstrating positive &in tests to 
the extracts used for routine diagnostic purp~~ses. Skin titers 
were read 15 nin after intracutaneouh application of the 
antigens and scored as ?. t , t 2, ~ r ?. an(t A + -I- <:orre- 
spending with wheal diameters of 3 to 5. 5 i<, 7, 7.5 lo IO, 
IO to 12.5. 12.5 to 15. and :,I5 mm. reqjectively. Fo: 

arithmetic analysis (mean reactivity) skin tt@r>, were ex. 
pressed a< I unit for ? and 2 units for e;%cik t- <<<jr? 

RESULTS 

In Fig. 1 the ELISA IgG-antibody toters of an SS 
extract were compared with titers obtained with a CF 
and an MY extract by use of 15 sera of patients (as- 
pergilloma and ABPA) and three control sera from 
healthy individuals. The mean number of precipitates 
of the different extracts against the patient scra is 

illustrated in the inset of Fig. 1. Both CF and MY 
antigens demonstrated elevated titers of &cJ an- 

tibodies by EL1 SA and increased numbers of precipi- 
tates by DD. 

In contrast to MY and CF antigens, !he antigenie 
components spontaneously released by Intact Ss (SS 
antigen) do demonstrate significantly &er (/I c. 
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FIG. 2B. Precipitates against culture filtrate and S extracts of4. fumigatus formed by patient sera 
and R in DD. Sera A to H, patient sera as described under Fig. 2A. Antigenic extracts identical to 
extracts used in Fig. 2A; wells 1 and 2, SP extracts, Amicon concentrate and lyophilisate, 
respectively; wells 3 and 4, SS extracts, concentrate and lyophilisate; well 5, CF batch no. 058. 

0.001) titers by ELISA, whereas in DD, only smaller 
numbers or absence of precipitates were observed. 
Fig. 2 summarizes a comparative study of SP-, SS-, 
and CF-antigenic extracts studied both by IgG-ELISA 
titers (Fig. 2,A) and DD (Fig. 2, B) by use of sera of 
patients with aspergilloma (sera A to D) and ABPA 
(sera E toH). In addition, R was also used in the DD. 
The CF antigen demonstrates more precipitating 
components and higher IgG-antibody binding by 
ELISA with all the sera of patients tested when com- 
pared with the SS and SP extracts. The SP extract 
demonstrates some (but fewer) precipitating compo- 
nents (6/8) and elevated IgG titers (7/8), whereas the 
SS antigen demonstrates much fewer precipitating 
components (l/8) and low or negative ELISA-IgG 
titers (3/8). 

As with the observations on patient’s sera, the R 
(lower part of Fig. 2, B, R, far right) also shows more 
precipitates against CF and SP antigen (wells 5 and 1, 
and 2, respectively) than against the SS antigen (well 
4) which hardly showed any precipitates. 

Cross-reactivity of SP and CF antigen (wells 1 and 
5, respectively) as studied in the lower part of Fig. 2, 
B @era A, D, and R) demonstrate a partial identity of 
the main precipitate found with SP by use of patient 
sera D. With R, noncrossreacting components can 

also be observed. Although the lyophilized extracts 
did demonstrate more autodenaturation, the precipi- 
tation patterns between lyophilized and Amicon 
(Amicon B.V.) concentrated extracts (Fig. 2, B, 
wells 1, 3 and 2, 4, respectively) do not demonstrate 
differences, whereas ELISA titers are only slightly 
less compared with the concentrated extracts. This 
indicates that the immunologically important anti- 
genie components are stable molecules and are only 
slightly influenced by the autodenaturation process. 

The IgE binding properties of both SS and SP anti- 
gen were compared with CF and MY antigen by use 
of EL4 (Fig. 3). With the MY extract a total inhibition 
of IgE binding was found, indicating total identity 
with allergens of the Pharmacia disc. With the CF 
antigen (CF, 38 days of culture) an inhibition of 70% 
was obtained at a similar antigen concentration, but at 
higher antigen concentrations no further inhibition 
was found, indicating partial identity with the antigen 
bound to the disc. 

The SP antigen did demonstrate some inhibition at 
higher antigen concentration, whereas the SS antigen 
did not influence the IgE titers, indicating a limited 
and nonidentity with the immobilized antigen, re- 
spectively . 

Besides this indirect IgE-binding assay, the an- 
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FIG. 3. IgE-binding properties of extracts of A. fumigates 
by means of EIA. Extracts tested, SS, O-O; SP, O-O; CF 
of late-phase culture (38 days of cultivation), A-A; MY of 
lo-day culture, X-X. W---O, on rights/de; ELISA-IgE titer 

found with pool of ‘IO normal control sera. 

tigenic extracts were also immobilized on cellulose 
discs and tested in a direct IgE-binding assay EAST 
by use of sera with elevated IgE antibodies against ,4. 

,fumigatus. As is demonstrated in Fig. 4, both MY, 
CF, and SP demonstrated high IgE-binding proper- 
ties, whereas the titers with SS antigen were much 
lower. High titers of IgE antibodies against the SP 
antigen were found in those sera that also demon- 
strated high titers of IgE antibodies against the CF and 
MY antigens. 

The biologic activities of the extracts MY, CF, and 
SP, as studied by their skin reactivity (Table I), are in 
agreement with the IgE-binding properties of these 
extracts (Fig. 4). In Table I the skin reactivities have 
been summarized for 18 patients with the use of CF, 
MY, SP, and SS extracts. Calculation of the mean 
reactivity (see Material and Methods) demonstrates 
high skin reactivity for both CF, MY, and SP antigen, 
whereas the SS is much less reactive. In addition simi- 
lar reactivities were found for CF, MY, and SP anti- 
gen in individual patients (Table I). 

Some patients with weak reactions (+) to the rou- 
tine Aspergillu extract demonstrated negative reac- 
tions with all or almost all the extracts tested (Table I, 
patient no. 1, 2, 4, 8, 14, and 17). These negative 
reactions indicate that positive reactions are due to 
specific sensitization and not due to aspecific reactiv- 
ity of the extracts. 

In agreement with the serologic observation as de- 
scribed above, no differences are found between the 
SP antigens after lyophilization (SP 1) and Amicon 
concentration (SP 2). This indicates that the au- 
todenaturation, caused by the lyophilization proce- 
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FIG. 4. IgE-binding properties of extracts of A. fumigatus 
by means of direct EAST. W. and V-‘:, absorbance 
values found with incubation buffer (without serum) and 
normal pool serum, respectively. Other symbols repre- 
sent absorbance values found with individr& sera of pa- 
tients with ASPA, both in acute phase and in &fferent 
stages of remission. Extracts tested, SP, SS, CF~IO~, 
CF(351, MY(lO), and MY(35). Numbers inpwwtheses rep- 
resent days on cultivation. Lines connect absorbance val- 
ues found with individual sera. 

dure and observed in SP 1 has not intluenced its bio- 
logic activity. 

Complement activation 
A. fumigurus antigens are known for their interac- 

tion with the complement system independent of the 
presence of IgG antibodies.i” This complement acti- 
vation might possibly influence biologic activities in 
an aspecific (nonimmunologic) way. Therefore ex- 
tracts of A. fumigutus (CF and MY extracts of lO-day 
and 35day cultures, SP, and SS) were tested for their 
complement activating properties by use of sera of 
two healthy control individuals. ln Fig, 5 the titers of 
the residual complement hemolytic actkities mea- 
sured by CHso titration are revealed after l-hour incu- 
bation at 37’ C (see Material and Methods). CF anti- 
gens of a young culture (CF 10 days of culture) and 
the SS antigen demonstrate less than 20% activation 
of the complement system, whereas CF antigen of a 
35day culture and the SP antigen demonstrate acti- 
vations between 30% to 45%. 

The MY extracts did reveal much higher comple- 
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FE. 5. Decrease in hemolytic activity of complement mea- 
sured by CHsO titration in two normal sera after incubation 
with extracts of A. fumigatus expressed in percentages of 
the untreated sera. Extracts tested, see Fig. 4. CHm titers 
demonstrated are means of duplicate experiments. 

ment-activating properties demonstrating consump- 
tions of 50% to 80% and 95% for lo-day and 35&y 
cultures, respectively. This suggests that the biologic 
activity of the MY extracts may possibly be influ- 
enced by their high complement inactivating prop- 
erties . 

1 2 0 0 0 
2 0 1 0 0 
3 6 6 4 6 - 
4 0 0 0 0 - 
5 5 5 0 3 - 
6 0 1 0 1 - 
7 2 2 0 2 - 
8 0 0 0 4 - 
9 0 - - 1 - 

10 2 1 0 3 - 
11 5 6 4 4 - 
12 - - 0 2 1 
13 4 4 0 2 - 
14 - - 0 0 0 
15 0 5 5 
16 - - 3 6 6 
17 - - 0 0 0 
18 6 6 1 4 4 

No. of tests 13 12 17 18 6 
Mean 2.5 2.6 0.7 2.4 2.7 
SD 2.4 2.5 1.4 2.1 2.7 

DISCUSSION Arithmetical analysis as described under Matexial and Methods; 
- = not done. 

In this comparative study of antigenic extracts of A. 
fumigatus from MY, CF, and S origin, it was found 
that the extract from the conidia after destruction (SP) 
demonstrated both IgG- and IgE-binding properties. 
This is in agreement with the biologic activity of SP 
as measured by skin tests (Table I) and after inhala- 
tion of S extract .2 Although the number of precipitates 
and titers of ELISA-IgG antibodies against SP antigen 
are in general smaller when they are compared with 
the CF antigen, the biologic activities are similar. 
Similar to the findings of Scholer,“ a partial identity 
was found with the SP and CF antigens when these 
antigens were studied by DD with the use of R, 
whereas several conidial antigens were observed to be 
noncross-reacting with the CF antigens. Sera of pa- 
tients with aspergilloma demonstrated one precipitat- 
ing component with the SP antigen, partially cross- 
reacting with a CF precipitate (Fig. 2, sera A and D). 

slightly cross-reacting with extracts of either MY or 
CF origin. 

When the IgE-binding properties of the extracts 
were studied by means of EIA, both MY and CF 
demonstrated a marked inhibition of the IgE titers (by 
use of Pharmacia discs loaded with A. jbmigatus). 

Although the SP antigen did not demonstrate an 
inhibition in this EIA, an efficient binding of IgE 
antibodies was found in the direct IgE-binding assay 
EAST. This indicates that IgE-binding components, 
present in conidial plasma extracts, are not or only 

In contrast to the conidial plasma antigen, the ma- 
terial that is released Spontaneously from intact Ss 
(which is 26% of the total extractable material) did 
demonstrate low immunologic activity in DD, IgE- 
ELISA titers, and IgE-binding assays EAST and EIA. 
This low immunologic activity is also reflected in a 
very low biologic activity (Table I). These observa- 
tions indicate that liberation of antigenic components 
after inhalation of Ss only will occur after destruction 
(or germination?) of the Ss. The lack of spontaneous 
liberation of antigenic (allergenic) components from 
the Ss of A. fumigatus are in sharp contrast with the 
rapid liberation of the allergenic components from 
pollen12 and house dust mite allergen.13 Destruction 
of Ss by phagocytosis takes several hours,14 and the 
intracellular killing will prevent liberation of the an- 
tigenic components into the extracellular space. Also, 
germination of nonphagocytosed Ss will last several 
hours. l5 Therefore the rapid onset of obstructive reac- 
tions in patients with ABPA and AA after inhalation 
of air contaminated with fungi (in stables and barns) is 
difficult to explain as being caused by the inhalation 
of intact Ss. It is, however, possible that inhaled de- 
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TABLE I. Skin tests with different extracts of 

Aspergihs fumigatus 

Patients 
No. 

Type of extracts 

CF MY SS SPl SP2 
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caying fungal material is an important source of easy 
releasable antigenic components. 

Furthermore it must be noted that the extraction 
conditions are different from those in the lung. The 
influence of components as surfactant is unknown. 
Therefore the influence of surface-active components 
on the releasability of allergenic components from Ss 
of A, fkmigutus needs further study. 

Complement activation, studied in sera without de- 
tectable precipitating antibodies, was demonstrated to 
be limited for CF and S antigens. In contrast, the 
MY extract demonstrated a considerable complement 
consumption. This is in accordance with similar 
observations by use of endocellu1a.r extracts of A. 
fumigutus.“‘. ” This activity was demonstrated to be 
caused by both activation of the classic pathwayl’ and 
alternative pathway of complement.1o, I’ In addition, 
it is interesting to note that, similar to the observations 
with Micropolyspore fkeni and Thermoachnornyces 
vulgds, lo the most complement-activating compo- 
nents were found in the endocellular extracts (MY) 
and, to a lesser extent, in the other antigenic prepara- 
tions. However, the degree of complement activation 
involved in skin reactivity with the MY extract appears 
to be of minor importance since the reactivity of the 
MY extract is similar to that of the CF or SP extracts, 
and also negative reactions were observed with the 
MY antigen (Table 1) excluding aspecific effects. 
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Nakken for their skillful1 technical assistance, Mrs. J. 
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