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IgG enzyme linked immunosorbent assay for
diagnosis of invasive aspergillosis: retrospective study
over 15 years of transplant recipients
AK TRULL, J PARKER, RE WARREN

From the Clinical Microbiology and Public Health Laboratories, Addenbrooke's Hospital, Cambridge

SUMMARY Four commercially available Aspergillus fumigatus antigens were compared in an IgG
enzyme linked immunosorbent assay by testing multiple sera from 19 patients who had received
renal and hepatic allografts and who had histologically confirmed invasive aspergillosis. Raised
antibody levels were found in 16 of the 19 patients. More antibody responses were detected by
culture filtrate antigens, but somatic antigens often detected antibodies sooner. When antibodies
to Aspergillus antigens were present before transplantation the onset of fatal disseminated infec-
tion was earlier. Antibody levels often fell to within the normal range, even in cases of fulminant
disseminated infection. Repeated serology was essential for detection of an antibody response.

In many countries invasive aspergillosis is the sec-
ond most prevalent opportunistic mycosis in man.
Its incidence is greater in patients whose immunity
has been compromised by cytotoxic chemotherapy
or immunosuppression after transplantation.' The
onset of invasive aspergillosis may be insidious or
acute, and the infection can be complicated by con-
current infections and be rapidly fatal. Diagnosis
may be delayed because Aspergillus is rarely cul-
tured from specimens before death and the impor-
tance of isolating this organism from sputum is often
doubted. Biopsies of a localised lesion may show
invasive aspergillosis but may be impractical owing
to the patient's underlying condition.

Early diagnosis is important if the immunocom-
promised patient is to be successfully treated.2
Detection of antibodies toAspergillus might confirm
or suggest invasive aspergillosis in immunocom-
promised patients, with or without isolation of the
organism from sputum. Various serological methods
have been assessed for the diagnosis of invasive
aspergillosis. Immunoprecipitation has yielded vari-
able and sometimes disappointing results.3- In one
series only five of 19 patients were positive by
immunodiffusion and four by countercurrent
immunoelectrophoresis.8 By contrast, raised protein
A binding antibodies to Aspergillus antigens were
detected by radiobinding assay in 15 of 19 patients
with invasive aspergillosis seven or more days after
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the onset of infection. Others have found enzyme
linked immunosorbent assay to be more sensitive
than immunodiffusion and countercurrent
immunoelectrophoresis in cases of allergic bron-
chopulmonary aspergillosis and invasive aspergil-
losis.9

Various antigenic extracts of Aspergillus
fumigatus are commercially available, but they have
not been compared for their value in the early diag-
nosis of invasive aspergillosis. A retrospective lon-
gitudinal study of patients with invasive aspergillosis
who had undergone transplantation was designed to
evaluate four commercial antigens in an Aspergillus
IgG enzyme linked immunosorbent assay.

Material and methods

Nineteen patients (15 with a renal allograft, four
with an hepatic allograft) with histological evidence
of invasive aspergillosis were selected because serial
serum samples had been prospectively collected
between 1968 and 1983 and stored at -20°C
(Public Health Laboratory, Addenbrooke' s Hospi-
tal).

In 14 of the 19 cases histological evidence of dis-
seminated aspergillosis (invasive aspergillosis out-
side the respiratory tract) was obtained from nec-
ropsy material (nine patients) or biopsy (four), or
both (one). A fumigatus was isolated from sputum
cultures or bronchial washings before death in seven
of these 14 patients, all with disseminated infection.
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One patient was successfully treated for dissemi-
nated disease and survived. Of the five patients with
invasive aspergillosis apparently confined to the
respiratory tract, none had evidence of aspergillosis
from either sputum culture or biopsy during life. In
12 of the 19 cases (10 cases of disseminated infec-
tion) A fumigatus was cultured from specimens of
tissue before or after death, or both. A total of 128
serum specimens, including preoperative samples
from 11 patients, were available for testing. Samples
were chosen at times coinciding with changes in the
patient's clinical condition or, especially in later
transplantations, with the isolation of Aspergillus
from sputum or biopsy specimens.

Single serum samples were collected from 71
unselected patients who had undergone cardiac
transplantation before the operation and from 134
unselected patients with haematological malignancy
attending outpatient clinics. Eight sera from patients
with aspergillomas who had not undergone transpla-
tation and were found to be precipitin positive by
countercurrent immunoelectrophoresis, together
with sera from nine pregnant women negative for
precipitins (originally obtained for rubella serology),
were used for checkerboard titrations and to stan-
dardise the Aspergillus IgG enzyme linked
immunosorbent assay.

ASPERGILLUS FUMIGATUS ANTIGENS
Somatic (Mercia Brocades, Lot 136; Bencard No 1,
Lot S2112) and culture filtrate (Mercia Brocades,
Lot 136; Bencard No 2, Lot S1964) antigens were
used in both the IgG enzyme linked immunosorbent
assay and the countercurrent immunoelec-
trophoresis. A single batch of each of the four anti-
gens was used throughout the study.

COUNTERCURRENT IMMUNOELECTROPHORESIS
Precipitating antibodies to the commercial A
fumigatus antigens (20 mg/ml) were detected in
serum by countercurrent immunoelectrophoresis
with the use of 20 mM barbitone buffer (pH 8.6)
and 1% (w/v) agarose (Litex-LSA) as previously
described.'0 Non-specific precipitation was elimi-
nated by washing the gel in 5% (w/v) trisodium
citrate.

ASPERGILLUS IgG ENZYME LINKED
IMMUNOSORBENT ASSAY
Checkerboard analysis Two checkerboard titrations
were carried out to determine the optimum assay
conditions for each of the four antigens used. In the
first checkerboard two serum samples from the con-
trol patients with pulmonary aspergilloma were cho-
sen, one of which formed multiple precipitin lines
and the other few. These were compared with a
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single precipitin negative serum. Antigen, test
serum, and enzyme conjugate concentrations were
varied, and a narrower range of antigen and serum
dilutions was selected to provide good discrimina-
tion between precipitin positive and negative sera.
The optimum dilution of conjugate for development
of colour within 20-40 minutes was determined.

In the second checkerboard eight precipitin posi-
tive sera were compared with eight precipitin nega-
tive sera. Concentrations of antigen and test serum
were varied within the narrower ranges established
in the first checkerboard. Student' s t test was applied
to determine the best conditions for discriminating
between precipitin positive and negative sera.
Enzyme linked immunosorbent assay method An-
tigen at the optimum concentration (10-40,g/ml)
in 100 ,ul volumes 0-05/M carbonate/bicarbonate
buffer (pH 9.6) was incubated overnight at 37°C in
the inner wells of flexible polyvinyl microtitre plates
(Cooke, Dynatech 1-220-229). After washing three
times in phosphate buffered saline (pH 7.3) 0-15 M
supplemented with 0*05% (v/v) Tween 20 (phos-
phate buffered saline/Tween) 100 Al volumes of the
test and control sera were added in duplicate to the
wells at the optimum dilution (1:100 or 1:500) in
phosphate buffered saline/Tween 20 supplemented
with 1% (w/v) bovine serum albumin (assay buffer).

After incubation for two hours at 37°C and wash-
ing binding antibody was detected with goat anti-
human IgG conjugated with alkaline phosphatase
(Miles Yeda) at the optimum dilution (1:500 or
1:1000) in assay buffer. After incubation for three
hours at 37°C and washing enzyme substrate (Sigma
104-105) at 1 mg/ml diethanolamine buffer (pH
9.6) was added and the colour developed for 20-40
minutes until the optical density of a previously
selected positive control serum at a 1:100 dilution
reached a value of 1-9-2*0. The reaction was then
stopped with 3/M sodium hydroxide and the optical
density of test and control samples measured spec-
trophotometrically at 405 nm.
Standardisation of enzyme linked immunosorbent
assay A singl-e positive (standard) serum from a
control patient with aspergilloma was included in
every assay at a range of seven dilutions between
1: 100 and 1: 10000 in assay buffer. The enzyme
linked immunosorbent assay optical density reading
for each dilution was plotted against the serum dilu-
tion to provide a standard curve. The optical density
reading for each test sample was read off this stan-
dard curve and expressed in arbitrary units of anti-
body on a logarithmic scale. One hundred units of
antibody were equated to a 1:100 dilution of the
standard serum.
The same eight negative control sera as were used

for checkerboard analysis plus one additional pre-
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Invasive aspergillosis

cipitin negative normal control serum sample were

also included in every assay performed. The mean

plus two standard deviations of IgG antibody units
of these nine negative controls was calculated for
each antigen examined and assigned a value of 1-0.
In all assays of test sera units of antibody were

related to this value in terms of a ratio, giving an

antibody index. An antibody index of 1-0 for any

antigen represented the upper limit of the normal
range of IgG antibodies to Aspergillus. Values
above 1 0 were considered to be significantly raised.

Fungal specificity of enzyme linked immunosorbent
assay The specificity of the enzyme linked
immunosorbent assay for IgG antibodies to Asper-
gillus was assessed by absorbing a serum sample that
was precipitin negative but strongly positive in the
enzyme linked immunosorbent assay with different
antigens. Replicate absorptions of the serum diluted
1: 100 in assay buffer were performed with Candida
albicans whole cell extract (Mercia Brocades) and
Aspergillus somatic and culture filtrate antigens at

six concentrations, from 1000 ,ug/ml in 10-fold dilu-
tions down to 0 01 ,ug/ml. All tubes were incubated
overnight at 4°C and then the sera retested in the
enzyme linked immunosorbent assay.

Results

ASPERGILLUS IgG ENZYME LINKED

IMMUNOSORBENT ASSAY SPECIFICITY
Discrimination between the eight precipitin positive
and eight precipitin negative sera was obtained
under optimum conditions for the enzyme linked
immunosorbent assay for all four commercial anti-
gens tested (p < 0-001, data not shown). IgG anti-
bodies to Aspergillus were absorbed completely by
both Aspergillus somatic and culture filtrate antigens
at 100 ,ug/ml. Absorption with Candida antigens at
10 times this concentration failed to reduce antibody
binding appreciably. The enzyme linked
immunosorbent assay had a lower detection limit of
100 ng/ml affinity purified IgG antibodies to Asper-
gillus cell wall antigens (data not shown).

RENAL AND HEPATIC TRANSPLANT RECIPIENTS

WITH INVASIVE ASPERGILLOSIS
Sixteen of the 19 patients had one or more serum

samples positive against one or more antigens in the
Aspergillus IgG enzyme linked immunosorbent
assay (Fig. 1). Sera from six patients (cases 1-6), all
with disseminated disease, were positive when
tested against all four antigens. Three patients (cases
7-9) were positive with three antigens, two (cases 10
and 11) with two antigens, and five (cases 12-16)
with only one antigen. The diagnosis of invasive
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aspergillosis in the three seronegative patients
rested solely on the histological identification of
hyphae characteristic of Aspergillus after death: A
fumigatus was never cultured from sputum or other
specimens either before or after death.
Ten patients (cases 1-10) had antibodies against

both somatic and culture filtrate antigens from
either commercial source. The first positive response
to the Bencard somatic antigen occurred before that
to the culture filtrate antigen in five patients (cases
1-4 and 10), all of whom developed disseminated
aspergillosis. This response usually preceded clinical
features suggestive of localised or disseminated
infection (Fig. 2).

Raised IgG antibodies to one or other somatic
antigen preparation were found in 10 of the 19
patients (cases 1-10), nine of whom developed dis-
seminated infection. Antibodies to both somatic
antigens were found in eight patients. All 16
seropositive patients had raised antibodies to one or
both culture filtrate antigens. In five of the six
patients (cases 11-16) with raised antibodies to only
culture filtrate antigens the response was restricted
to one or other of the two antigens. Although the
magnitude of the response to culture filtrate anti-
gens was often modest, it was associated with a more
than four fold change in the antibody index (highest
index/lowest index), whereas this four fold change
was less common with the somatic antigens. Such
large changes were not found in our patients without
invasive aspergillosis who had undergone transplan-
tation (data not shown).
Four of the 11 patients with invasive aspergillosis,

from whom pretransplant sera were available, were
seropositive before transplantation (cases 4, 8, 10,
and 16). In two cases the earliest pretransplant anti-
body response was to Bencard somatic antigen, but
in one case it was to Bencard culture filtrate and in
the fourth it was to both Mercia Brocades antigens.
Two examples are illustrated in Fig. 3. Death fol-
lowed a precipitous fall in antibodies. All four
patients in this selected series with antibodies to
Aspergillus before transplantation died of dissemi-
nated infection. The mean survival time after trans-
plantation in these four patients was 51-5 (SE 12-5)
days and this compared with the mean survival time
of 169 (35) days in the seven patients without anti-
body before transplantation. This difference was
significant (t = 2.44; p < 0.05).

In the 12 patients who died and were seropositive
more than two weeks before death (cases 2-12 and
14) IgG antibodies to one or more Aspergillus anti-
gens decreased and were no longer appreciably
raised in the last serum sample obtained within two
weeks of death (Fig. 1). The incidence and mag-
nitude of this fall in antibodies differed among prep-
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Fig. 1 Aspergillus lgG antibody response (+/-) to Bencard somatic (BS), Bencard culture fitrate
(BCF), Mercia somatic (MS), and Mercia culture fitrate (MCF) antigens in serial serum samples from 16
patients with invasive aspergillosis. Peak antibody indices are represented numerically.
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arations of antigens. Thus only three of the 12
patients who were seropositive against the Bencard
culture filtrate antigen reverted to being seronega-
tive around the time of death, whereas nine of the
10 patients who were seropositive against the Mer-
cia Brocades culture filtrate antigen reverted. Of the
eight patients who were seropositive against the
Bencard somatic antigen, five reverted, and all eight
patients who were seropositive against the Mercia
Brocades somatic antigen also reverted.

CARDIAC TRANSPLANT RECIPIENTS
Of the 71 sera obtained from patients before cardiac
transplantation, 10 (14%) were positive against
Bencard somatic, five (7%) against Bencard culture
filtrate, and seven (10%) against both Mercia
Brocades antigens. Two of the seropositive reci-
pients of a transplant developed a further rise in
antibodies after transplantation with cultural or
biopsy evidence of aspergillosis. Of 128 sera from
the 19 patients with invasive aspergillosis who had
undergone renal or hepatic transplantation, 32
(25%) were positive against Bencard somatic, 35
(28%) against Bencard culture filtrate, 25 (20%)
against Mercia somatic, and 31 (24%) against Mer-
cia culture filtrate antigens.

PATIENTS WITH LEUKAEMIA
Of the 134 leukaemic patients, six (4.5%) were
seropositive against the Bencard somatic antigen,
seven (5%) against Bencard culture filtrate, four
(3%) against Mercia somatic, and eight (6%)
against Mercia culture filtrate antigens. The inci-
dence of Aspergillus infection in this group has not
yet been assessed.
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Discussion

All but three of the 19 patients with invasive asper-
gillosis had significantly raised serum IgG antibodies
to one or more Aspergillus antigens at some time
after transplantation. The three patients without
antibodies were among those seven from whom no
cultural evidence of infection with A fumigatus was
obtained, a finding compatible with infection caused
by other Aspergillus species. Histological material
from the three seronegative patients, however, was
not stained for Aspergillus by immunofluorescence,
and their sera were not tested for antibodies to anti-
gens derived from other filamentous fungi.
Four out of 11 renal and hepatic transplant reci-

pients from whom pretransplant sera were available
had high IgG antibody levels before the allograft.
These four patients lived for a significantly shorter
time after transplantation; all four patients had dis-
seminated infection at necropsy. Infection may,
therefore, have been established before transplanta-
tion. Depending on the antigen used, between five
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L = earliest radiographic evidence consistent with localised aspergillosis; D =
earliest evidence of disseminated aspergillosis (clinical, cultural, or morpholog-
ical).

Fig. 2 Time (in months) by which earliest significant
Aspergillus lgG antibody response to Bencard somatic
antigens preceded first significant response to Bencard
culture filtrate antigens in five transplant recipients with
invasive aspergllosis.
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from two transplant recipients with invasive aspergillosis
and raised antibodies before transplantation.
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Invasive aspergillosis

and 10 of the 71 sera obtained preoperatively from
cardiac transplant patients were positive in the
enzyme linked immunosorbent assay, and two of
these patients had cultural evidence of aspergillosis
after transplantation. This preliminary observation,
suggesting an increased risk of invasive infection in
patients with preexisting antibodies, needs to be
confirmed by prospectively examining serum from a
larger group of transplant patients.
Between four and eight of the 134 sera from

leukaemic patients were positive in the enzyme
linked immunosorbent assay; again the incidence
depended on the antigen used. Multiple sera are
now being collected from these patients so that the
prospective value of this test in immunocomprom-
ised patients can be more fully assessed. These
background rates, showing a prevalence of
seropositivity of 3-14% in similar immunocom-
promised patients suggest that the high incidence of
antibody responses detected in patients with inva-
sive aspergillosis will be valuable.
There was considerable variation in the timing

and magnitude of individual responses to the differ-
ent preparations of antigens. The somatic antigens
appear to be most useful in early rather than late
detection of disseminated aspergillosis, but culture
filtrate antigens detect the highest proportion of
positive antibody responses. The use of both somatic
and culture filtrate antigens seems necessary at pres-
ent for the reliable and early diagnosis of invasive
aspergillosis by Aspergillus IgG enzyme linked
immunosorbent assay.
By the time invasive aspergillosis is diagnosed

antibodies may have fallen to within the normal
range, even in cases of fulminant disseminated dis-
ease. Similar results have been reported by others."
This fall in antibody levels may explain, in part, the
poor results obtained with immunoprecipitation
methods used in earlier investigations of single
serum samples and the poor reputation of such tests
when only late diagnoses are made. It also emphas-
ises the necessity for prospectively collecting serum
samples from immunocompromised patients for the
assay of antibodies to Aspergillus.
Reports suggest that a successful outcome in treat-

ing invasive aspergillosis in immunocompromised
patients depends on early diagnosis and whether
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Aspergillus has disseminated from the lung.2 Tech-
niques for detecting antibodies may permit earlier
diagnosis, conceivably before the dissemination of
Aspergillus to other organs. The impact of earlier
diagnosis on the outcome of treatment with
amphotericin B in chronically immunocompromised
patients with invasive aspergillosis requires assess-
ment.

We thank the Cancer Research Campaign for finan-
cial help.
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