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Immunoblotting was used to detect Aspergillus fumigatus antigen in sera and urines of immunosuppressed
rats experimentally infected with A. fumigatus. Organisms were administered by both intravenous and
intratracheal injections. Intravenously infected rats developed disseminated aspergillosis, but intratracheally
infected rats developed pulmonary disease only. Fungal cultures of blood and urine samples from infected rats
were negative. In the urines of intravenously infected rats, antigen was detected 24 to 48 h after infection; in
the urines of intratracheally infected animals, antigen was detected on days 4 to 5 after infection. Antigen in
serum was detected later than antigen in urine was. Following sodium dodecyl sulfate-polyacrylamide gel
electrophoresis and immunoblotting of serum and urine samples, the most strongly reacting antigenic materials
were found in the 88-, 40-, 27-, and 20-kilodalton regions. These dominant antigens appeared to be the same

as those of control antigens prepared from A. fumigatus grown in vitro. Rabbit antiserum to Aspergillus filtrate
antigen was found to be more immunoreactive than antiserum to mycelial or conidial antigen. No mycelium-
specific antigens were detected.

Invasive aspergillosis is a major cause of morbidity and
mortality in severely immunocompromised patients (3, 12,
24). Untreated invasive aspergillosis is uniformly fatal. Al-
though early diagnosis and treatment may reduce the mor-

tality rate (1, 7, 17), diagnosis is extremely difficult, espe-

cially in the early stage of the disease, because blood or
respiratory specimens rarely yield positive cultures (24).

Various techniques have been used to detect Aspergillus
antibody for the diagnosis of invasive aspergillosis (7, 10-12,
17). However, severely immunocompromised patients often
fail to develop antibodies; hence, the detection of Aspergil-
lus antigen offers a more reliable method to diagnose and
manage invasive disease. Reports have included both en-
zyme-linked immunosorbent assay (ELISA) (4, 6, 13, 16, 23)
and radioimmunoassay (6, 19-22) techniques to detect As-
pergillus antigens from the sera or urines of both human and
animal models. The sensitivities of these methods have
varied, especially in cases of pulmonary aspergillosis (16).

In the present study we used two different animal as-
pergillosis models, pulmonary aspergillosis (18) and dissem-
inated aspergillosis, and attempted to detect circulating and
excreted Aspergillus antigens by immunoblotting.

MATERIALS AND METHODS
Animal model of invasive aspergillosis. Male Sprague-

Dawley rats (weight, 125 to 150 g; Charles River Breeding
Laboratories, Inc., Wilmington, Mass.) were immunosup-
pressed by subcutaneous injection of cortisone acetate (100
mg/kg) three times per week throughout the experiment. The
animals were given a low-protein diet (8% protein; ICN
Biochemicals, Cleveland, Ohio) and tetracycline in their
drinking water (250 mg dissolved in 750 ml of water).
Animals were infected 3 days after the third cortisone
acetate injection.
An isolate of Aspergillus fumigatus (H11-20) from a rat

dying of pulmonary aspergillosis while on steroids for the
production of Pneumocystis carinii pneumonia was used in
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this study (18). The organism, which was maintained in silica
gel at 4°C (0.5 g of silica gel H [Sigma Chemical Co., St.
Louis, Mo.], 0.5 ml of sterile skim milk), was grown on
Sabouraud dextrose agar (4% dextrose; BBL Microbiology
Systems, Cockeysville, Md.) for 5 days at 30°C. Conidia
were scraped into a 0.02% Tween 80 solution, vortexed to
disperse clumps, washed two times in sterile saline, and
counted in a hemacytometer. Viability of the conidia was
assessed by plating them onto Sabouraud dextrose agar.
A total of 14 rats were used for each experiment. Three

groups of four rats each were infected as follows. Group A
rats were each given 106 conidia by intratracheal (i.t.)
injection. This was accomplished by injecting the conidial
suspension directly into the trachea by tracheostomy while
the rats were under ethrane (enflurane; Anaquest, Madison,
Wis.) anesthesia. Ethrane was administered by inhalation.
Group B rats were each given 106 conidia via the jugular
vein. Group C rats were each given 107 conidia via the
jugular vein. A fourth control group (group D), consisting of
two rats, received cortisone acetate only. This experiment
was repeated once.

Urine and blood samples were collected before the initia-
tion of cortisone acetate injections, on the day prior to
infection, and daily until death. While the rats were under
anesthesia (20 mg of ketamine [Parke, Davis & Co., Morris
Plains, N.J.] per kg, 2.5 mg of xylazine [Mobay Corp.,
Shawnee, Kans.] per kg), urines were collected by the
clean-catch method with a test tube and blood was collected
from the tail vein. At the time of death or when the animals
were very ill, organs (lung, liver, spleen, and kidney) were

collected, minced, homogenized (Brinkman Instruments,
Inc., Westbury, N.Y.), and cultured for fungi on Sabouraud
dextrose agar. Control rats were sacrificed at the end of 2
weeks, and their organs were cultured as described above.

Antigen preparation. All antigens were prepared from
5-day-old cultures of A. fumigatus H11-20 grown on Sab-
ouraud dextrose agar at 30°C.

(i) Filtrate antigen. A. fumigatus conidia were seeded into
250 ml of Czapek Dox broth (Difco Laboratories, Detroit,
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Mich.) in stationary 1,000-ml flasks and grown for 6 to 8
weeks at room temperature under normal laboratory fluo-
rescent lighting. The supernatant (approximately 200 ml per
flask) from these cultures was filtered through several layers
of gauze and glass wool and then through a 45-,um-pore-size
filter and dialyzed overnight at 4°C against three changes of
distilled water using a membrane with a molecular weight
cutoff of 6,000 to 8,000 (Spectrapor 1; Spectrum Medical
Industries, Los Angeles, Calif.). The filtrate was then con-
centrated approximately 20 times by submerging the dialysis
tubing containing the antigen in polyethylene glycol 20,000 G
(Fisher Scientific Co., Pittsburgh, Pa.). A 1:10 dilution of
this antigen was used for rabbit immunization and for
Western blotting (immunoblotting).

(ii) Mycelial antigen. A. fumigatus conidia were seeded in
250 ml of Czapek Dox broth in 1,000-ml flasks and shaken at
30°C for 3 days under normal laboratory lighting. Each 250
ml of culture yielded 10 to 12 ml of packed mycelium. The
mycelium was collected by filtration through several layers
of gauze, squeezed dry, washed two times with sterile saline,
and suspended as a 30% (vol/vol) suspension in distilled
water. The suspension was homogenized (Brinkman homog-
enizer) and then sonicated at 100 W (model 185C sonifier;
Heat Systems, Plainview, N.Y.) for 1 h with 15-min bursts
and constant cooling on ice. About 99% of the mycelia were
fragmented, as ascertained by microscopic examination. The
suspension was centrifuged at 20,000 x g for 1 h, and the
supernatant was concentrated 20 times against polyethylene
glycol 20,000 G and used as antigen for rabbit immunization
and Western blotting (immunoblotting).

(iii) Conidial antigen. Conidia were collected by scraping
the surface growth from 5-day-old cultures of A. fumigatus
grown on Sabouraud dextrose agar. The conidia were sus-
pended in 0.02% Tween 80 solution, vortexed, washed two
times in sterile saline, and suspended as a 5% (vol/vol) live
suspension in saline for rabbit immunization.
The protein content of the filtrate and mycelial antigens

was estimated by using a protein assay kit (Bio-Rad Labo-
ratories, Richmond, Calif.), and the carbohydrate content of
both antigens was estimated by the phenol sulfuric acid
method of Dubois et al. (5). The filtrate antigen had a protein
concentration of 550 ktg/ml and a carbohydrate content of
440 ,ug/ml. The mycelial antigen had a protein content of 510
,ug/ml and a carbohydrate content of 480 ,ug/ml. The conidial
suspension was used for rabbit immunization only, and its
protein and carbohydrate contents were not assayed. All
antigens were stored at -70°C until they were used. Conidia
remained viable, and germination did not occur at this
temperature.
Antiserum production. Three groups of New Zealand

White rabbits were immunized, respectively, with (i) filtrate
antigen, (ii) mycelial antigen, and (iii) conidial antigen. Each
antigen (1 ml) was mixed with 1 ml of Freund adjuvant for
each injection. First injections were given with Freund
complete adjuvant, and subsequent injections were given
weekly in Freund incomplete adjuvant for a period of 3
weeks and then monthly for a period of 4 months. Rabbits
were bled for testing 7 days after each monthly injection, and
sera were tested for reactivity against filtrate and mycelial
antigens by immunoblotting.

Immunoblotting. Each rat urine or serum sample was
diluted 1:4 or 1:5, respectively, in sample buffer (2 ml of 0.5
M Tris hydrochloride, 2 ml of 10% sodium dodecyl sulfate, 2
ml of glycerol, 0.2 ml of 2-mercaptoethanol) and boiled for 5
min. Each Aspergillus antigen was diluted 1:5 in sample
buffer and similarly treated. Negative controls consisted of

normal rat urine or serum samples, and positive controls
were the same urine and serum samples mixed with a 1:40
dilution of Aspergillus filtrate antigen. Prestained molecular
weight markers (phosphorylase b, 110,000; bovine serum
albumin, 84,000; ovalbumin, 47,000; carbonic anhydrase,
33,000; soybean trypsin inhibitor, 24,000; and lysozyme,
16,000; Bio-Rad Laboratories) were run with each gel.
Pyronin Y (Bio-Rad Laboratories) was used as the tracking
dye.
Sodium dodecyl sulfate-polyacrylamide gel electrophore-

sis and protein blotting were performed by the method of
Damato et al. (2) by using a Mini Protean Il cell (Bio-Rad
Laboratories) and Mini Trans-Blot apparatus (Bio-Rad Lab-
oratories). A 10% resolving (lower) and a 3.5% separating
(upper) gel were used. The electrophoresis chambers were
filled with a 1:4 dilution of running buffer (24 g ofTRIS, 115.1
g of glycine, 8 g of sodium dodecyl sulfate, made up to 2
liters with distilled H20). For each chamber, electrophoresis
was carried out at 15 mA for 10 min or until the tracking dye
began to enter the resolving gel. The current was then
increased to 20 mA until the dye reached the bottom of the
gel plates (40 to 50 min). Transblot onto nitrocellulose paper
(pore size, 0.45 ,um; Bio-Rad Laboratories) was carried out
for 30 min at 70 V and then for 2.5 h at 100 V in transblot
buffer (12 g of TRIS; 57.6 g of glycine; 800 ml of methanol,
made up to 4 liters with distilled H20). The nitrocellulose
sheets were soaked overnight at 4°C in blotto buffer (100 ml
of phosphate-buffered saline [PBS; pH 7.4], 5 g of nonfat dry
milk [Carnation]), rinsed in PBS with 0.5% Tween 20,
blotted dry, and cut into strips of 2 to 3 mm. Before the strips
were cut, a straight line was drawn on the nitrocellulose
sheet along the upper edge of the gel slab to facilitate perfect
alignment of the strips after immunoblotting. The strips were
incubated at 37°C for 30 min in blotto buffer with 4% goat
serum. Primary antibody (rabbit antiserum to A. fumigatus
antigen or normal rabbit serum control, 1:100) was added to
each strip and incubated for 3.5 h at 37°C. After three 10-min
washes with PBS-0.5% Tween 20, the strips were incubated
with biotinylated anti-rabbit immunoglobulin G (1:1,000;
Vector Laboratories, Burlingame, Calif.) for 30 min at 37°C.
After washing again with PBS-0.5% Tween 20, horseradish
peroxidase avidin D (1:1,000; Vector Laboratories) was
added and incubation was resumed for 30 min at 37°C. Color
was then developed with freshly prepared substrate buffer
(10 ml of PBS [pH 7.4], 2 ml of substrate stock solution
containing 0.3 g of 4-chloro-1-naphthol in 100 ml of metha-
nol, 0.004 ml of 30% H202).
Treatment with protease. Protease attached to cross-linked

agarose beads (P4531; Sigma) was used to treat A. fumigatus
filtrate and mycelial antigens (4). Each antigen (0.5 ml) was
mixed with 150 mg of protease agarose and incubated at 37°C
overnight. Control antigen samples were tested without
protease. A positive control consisted of 100 ,ug of bovine
serum albumin (Sigma) per ml of 0.1 M disodium EDTA (pH
7.2), which was incubated with protease under identical
conditions. The mixtures were centrifuged at 1,400 x g for
15 min, and the supernatants were subjected to sodium
dodecyl sulfate-polyacrylamide gel electrophoresis. The gels
were stained with Coomassie brilliant blue R250 (0.1 g of
Coomassie brilliant blue R250, 40 ml of methanol, 10 ml of
glacial acetic acid, diluted up to 100 ml with distilled H20)
for 40 min and destained (40 ml of methanol, 10 ml of glacial
acetic acid, diluted up to 100 ml with distilled H20) for 3 h.
The supernatants from the treated A. fumigatus antigens
were also used for immunoblotting against rabbit antiserum
to A. fumigatus filtrate antigen.
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FIG. 1. Immunoblots of A. fumigatus filtrate and mycelial anti-
gens. Blots were developed with rabbit antisera to A. fumigatus
antigens. Lanes A through C, filtrate antigen reacted with antiserum
to filtrate antigen, mycelial antigen, and conidial antigen, respec-

tively; lanes D through F, mycelial antigen reacted with antiserum to
filtrate antigen, mycelial antigen, and conidial antigen, respectively;
lane M, molecular mass standards for proteins (in kilodaltons).

RESULTS

Animal model of invasive aspergillosis. Preliminary exper-

iments were performed to determine the lethality of the
inoculum that was used. The i.t.-infected rats injected with
106 conidia died between 7 and 14 days after infection.
Intravenously (i.v.) infected rats given 106 conidia died 5 to
6 days after infection. In rats given 107 conidia i.v., death
occurred 4 to 5 days after infection.

Cultures of urine and blood samples from all groups of
animals were negative for fungi. In the i.t.-infected rats, lung
cultures were positive for A. fumigatus; liver, spleen, and
kidney cultures were negative. In i.v.-infected animals, all
the organs cultured (lung, liver, spleen, and kidney) were

positive for A. fumigatus. Multiple mycotic lesions were
evident in all organs. In i.t.-infected rats, lungs lesions were

more numerous than those in the i.v.-infected group were.

Cultures of the lesions uniformly grew A. fumigatus. Organs
from the control animals were all negative for fungi.

Sensitivity of the assay. The control A. fumigatus filtrate
antigen had a protein concentration of 550 ,ug/ml. This
antigen could be detected up to 1:5,000 by Western blotting
(immunoblotting) against rabbit antiserum to filtrate antigen.
The limit of antigen detection for this antigen was, therefore,
110 ng of protein per ml. The mycelial antigen, which had a

protein content of 510 ,ug/ml, was detectable up to 1:4,500 by
Western blotting against rabbit antiserum to filtrate antigen.
The limit of antigen detection for this antigen was 113 ng of
protein. The conidial antigen suspension was used for rabbit
immunization only, and its protein content was not tested.

Reactivity of rabbit antibody. The rabbit antiserum to
filtrate antigen reacted more strongly against both filtrate and
mycelial antigens (Fig. 1). When antiserum to either mycelial
or conidial antigen was reacted against the filtrate antigen,
the 20-kilodalton (kDa) band could not be detected. When
any one of the three antisera (filtrate, mycelial, or conidial)
was reacted against mycelia antigen, the 27- and 20-kDa
bands could not be detected. The filtrate antiserum also
formed stronger bands in immunoblots of urine samples of
infected rats (Fig. 2), with the strongest band being in the
27-kDa region. The band in the 40-kDa region was not seen

when antisera to mycelial or conidial antigens were reacted
with the same urine samples.

Antigenuria and antigenemia. In the i.v.-infected rats given
106 conidia, antigenuria was detected 48 h after infection. In
those given 107 conidia, antigenuria was detected 24 h after
infection; bands were seen in the 88-, 33-, and 27-kDa
regions. After 48 and 72 h the bands became stronger. The

FIG. 2. Immunoblots of a urine sample from an i.v.-infected rat
developed with rabbit antisera to A. fumigatus antigens. Lanes: A,
infected urine reacted with filtrate antiserum; B, infected urine
reacted with mycelial antiserum; C, infected urine reacted with
conidial antiserum; M, molecular mass standards for proteins (in
kilodaltons).

bands in the 40- and 20-kDa regions were first detected 72 h
postinfection. The strongest reacting band in immunoblots of
the rat urine samples was in the 27-kDa region (Fig. 3).

In i.t.-infected rats, antigenuria was first detected 4 days
postinfection. The antigen bands in this group also became
progressively stronger. Weak bands in the 88- to 110-kDa
region were first seen on day 4 postinfection. By day 8
postinfection, bands were seen in the 88-, 40-, 33-, 27-, and
20-kDa regions, with the 27-kDa band being the strongest
(Fig. 4). Bands in immunoblots of the control Aspergillus
antigen were also seen in the same regions.
Antigenemia was detected 1 to 2 days later than antige-

nuria. The bands from the serum samples migrated farther
toward the anode (Fig. 5). The positions of the bands in
immunoblots of serum samples from infected rats were seen
in the same regions as those of serum samples from normal
rats spiked with A. fumigatus antigen.

Treatment with protease. After treatment of the A. fumig-
atus antigens and a bovine serum albumin control specimen
with protease agarose, bands were no longer seen by
Coomassie brilliant blue R250 staining, and Aspergillus
antigen bands could no longer be detected by Western
blotting (immunoblotting).

DISCUSSION

The use of immunoblotting to detect various antigens in
urine and serum samples has been reported previously.
Toxoplasma antigens were detected in the sera of mice that
were acutely infected with Toxoplasma gondii (8). Antigens
of Borrelia burgdorferi, the agent of Lyme disease, were
detected in urine and serum samples of infected mice and
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FIG. 3. Immunoblots of urine samples from i.v.-infected rats.

Rats received 107 A. fumigatus conidia. Blots were developed with
rabbit antiserum to A. fumigatus filtrate antigen. Lanes: A, normal
rat urine spiked with a 1:20 dilution of A. fumigatus filtrate antigen;
B, preinfected rat urine; C, rat urine 24 h postinfection; D, rat urine
48 h postinfection; E, rat urine 72 h postinfection; M, molecular
mass standards for proteins (in kilodaltons).
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FIG. 4. Immunoblots of urine samples from i.t.-infected rats.
Rats received 106 A. fumigatus conidia. Blots were developed with
rabbit antiserum to A. fumigatus filtrate antigen. Lanes: A, normal
rat urine spiked with a 1:40 dilution of A. fumigatus filtrate antigen;
B, rat urine preinfection; C, rat urine 4 days postinfection; D, rat
urine 6 days postinfection; E, rat urine 8 days postinfection; F, rat
urine 12 days postinfection; M, molecular mass standards for

proteins (in kilodaltons).

humans (9). Aspergillus fumigatus antigen was found in
serum samples of experimentally infected rabbits (14).
Most studies in animals with experimental aspergillosis

use the i.v. route of infection (13-15). The i.t. model was

previously used' in this laboratory in amphotericin B aerosol
studies (18). In the i.t. model, a progressive bronchopulmo-
nary aspergillosis develops in all infected animals, as proven
by smears of lung homogenates and histological examina-
tion, and most of the animals die after 7 days. This model of
infection mimics the usual route of infection in human
disease.

Antigenemia and antigenuria developed in both i.v.- and
i.t.-infected rats and were affected by the number of conidia
injected. Antigen was detected 1 to 2 days earlier in rats
given the higher inoculum. Over time, the mortality rate also
increased when a larger inoculum was injected.

Disseminated disease developed in i.v.-infected rats, but
i.t.-infected rats developed pulmonary aspergillosis only. In
both groups, daily cultures of blood and urine samples were

negative for A. fumigatus. It is evident, therefore, that a

kidney infection is not required for antigenuria to occur.
Others have detected A. fumigatus antigen bands of

various molecular weights by immunoblotting (11, 14). One
assay (11) detected nine components of the A. fumigatus
antigen that ranged in molecular mass from 33 to 88 kDa.
Another group (4) detected an 80-kDa band in the serum of
experimentally infected rabbits. In our studies, we also
detected a 40-kDa band and two higher-molecular-mass
bands in the 80- to 90-kDa regions'. Additional bands, which
were not reported by others, were detected in the regions of
27 and 20 kDa. The strongest band seen in immunoblots of
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FIG. 5. Immunoblot of a serum sample from an infected rat

reacted with rabbit antiserum to A. fumigatus filtrate antigen.
Lanes: A, rat serum preinfection; B, rat serum spiked with a 1:40
dilution of filtrate antigen; C, serum from an infected rat (106 conidia
i.v., day 5); M, molecular mass standards for proteins (in kilodal-
tons).

antigen and urine samples was that in the 27-kDa region. The
lower-molecular-mass band in the 20-kDa region was seen in
immunoblots of urine samples later during the disease pro-
cess. The clinical significance of these bands needs to be
ascertained by testing specimens from patients with proven
aspergillosis. The numbers and positions of the antigen
bands were similar in rats with both pulmonary and dissem-
inated disease; hence, a differential diagnosis could not be
made by this criterion.
Antigen appeared in serum 1 day later than antigen in

urine. This may be due to limitations of the detection system
or that antigen-antibody complexes may not have been
dissociated since sera were not treated with acid. Antigen
could also have been trapped because of the high concen-
tration of serum albumin and globulin. Bands in the serum
migrated more toward the anode, probably because of the
high albumin concentration in serum. Devising a method to
treat serum without dissociating the antigen could increase
the sensitivity of the assay. An inhibition ELISA for galac-
tomannan has also detected antigen in urine before it de-
tected antigen in serum (6); antigen was found in the serum
of only 2 of 12 patients, but antigen was detected in urine of
7 of 13 patients.
Although hyphal invasion is usually seen in humans and

animals with aspergillosis, our studies showed no evidence
of mycelium-specific antigens. Rabbit antiserum to filtrate
antigen detected more antigen bands in urines from infected
rats than did antiserum to mycelial or conidial antigens.
Mycelial antigen, however, induced in vivo could be anti-
genically different from that found in vitro.

Excreted Aspergillus carbohydrate antigen was detected
early after infection by other workers (6). In our model, the
time of onset of antigenuria was dependent on the dose of
Aspergillus injected, although in i.t.-infected rats, antige-
nuria was detected 3 days later than it was in i.v.-infected
rats. This was probably due to a slower disease progression
and lower antigen load in i.t.-infected animals since their
disease was confined to the lungs. This could also present a
problem in the early diagnosis of aspergillosis in human
patients.
The immunoblot technique used in these studies was

highly reproducible. By using the Bio-Rad Mini Protean
apparatus, the gel electrophoresis time could be shortened
from 4 to 5 h to only 1 h. Urine and serum samples could be
used immediately after collection and needed no pretreat-
ment to dissociate antigen-antibody complexes as in other
test systems, such as ELISA or radioimmunoassay. The 3.5-
h incubation time with primary antibody produced bands
with the same numbers and intensities as those obtained by
overnight incubation; this shortened the immunosorbent
assay time from 20 h to only 7 h.
The antigens detected in our study appeared to be protein

in nature, as they were sensitive to protease treatment and
were stained by Coomassie brilliant blue R250, a protein
stain. Other investigators, (4, 13, 16), using the inhibition
ELISA, were able to detect very small amounts of carbohy-
drate antigen (10 ng). The limit of Aspergillus antigen detec-
tion in our system was 110 ng of protein. Whether protein or
galactomannan antigens are more significant in cases of
aspergillosis needs to be investigated further. The sensitivity
of the Western blot (immunoblot) for Aspergillus protein
antigens needs to be improved. Dominant antigen fractions
should be used to produce antibodies, and a more rapid test,
such as the dot immunosorbent assay or an ELISA, could
then be used to obtain more sensitive and specific results.
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