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Standardization of an Indirect ELISA for Serological Diagnosis of Aspergilloma

Nariman Shah-Hosseini 1, *, Alireza Khabiri 2, Farideh Bagheri 2, Hashem Yazdi 2, Nima Farajianfar 2

1 Islamic Azad University, Lahijan Branch, Faculty of Science, Department of Microbiology, Lahijan, IR Iran2 Pasteur Institute of Iran, Department of Mycology, Tehran, IR Iran
*Corresponding author: Nariman Shah-Hosseini, Islamic Azad University, Lahijan Branch, Faculty of Science, Department of Microbiology, Lahijan, IR Iran. Tel.: +98-1412229081, Fax: 
+98-1412229081, E-mail: Nariman.shahhosseini@yahoo.com.

 Received: May 18, 2012; Revised: May 29, 2012; Accepted: Jun 01, 2012

Background: So far several literatures have discussed that GMP as a major cell wall component in Aspergillus species and can also be 
secreted into the medium as a component of the exoantigen. Moreover, one of the critical points in designing an ELISA is the preparation 
of the antigen.
Objectives: The main aim of this study was the identification of GMP and standardization of an indirect ELISA for the serological diagnosis 
of Aspergilloma.
Materials and Methods: An indirect enzyme linked immunoassay (ELISA) was developed and standardized for the serological diagnosis 
of Aspergilloma.
Results: Among 500 serum samples, 35 had positive and 465had negative ELISA test against Aspergilloma. In comparison, serum samples 
were tested by immunoblotting test, considered as the standard. In relation to the immunoblotting, the ELISA presented 94.2% sensitivity, 
99.5% specificity, 94.2% positive predictive value, 99.5% negative predictive value and 99.2% precision.
Conclusions: It was concluded that the ELISA is a suitable method for large scale screening of antibodies against Aspergilloma. The easy 
techniques have shortened the required time of tests (approximately 1.30 hours for our ELISA, as opposed to 2.30 hours with commercial 
ELISA kit). This may be a substantial benefit for large numbers of samples that should be tested.
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Implication for health policy/practice/research/medical education:
This study was conducted to compensate the need for importation of ELISA kit for serological diagnosis of Aspergilloma in Iran.
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1. Background
Aspergillus spp are ubiquitous opportunistic molds that 

cause invasive syndromes. The small size of conidia are 
present in the air at concentration 1 to 100 conidia /m3. 
Human inhaled several hundred conidia of Aspergillus 
per day, but it rarely resulted in disease in immunocom-
petent persons, since these conidia are easily eliminated 
(1, 2). The genus Aspergillus includes over 185 species. 
Around 40 species have so far been reported as causative 
agents of opportunistic infections in human and ani-
mals. The frequency and relative importance of these in-
fections are on the rise in all developed countries, which 
is possibly related to the increased numbers of immuno-
compromised patients (3, 4).

Glactomannoprotein (GMP) is an essential molecule in 
pathogenic Aspergillus fumigatus. GMP is also produced in 
the host and is a well-known A. fumigatus antigen. Anti-
bodies directed against this antigen have been detected 
in infected patients with aspergilloma. In addition, it has 
been repeatedly shown that this molecule circulates in 

the biological fluids of patients with invasive aspergil-
losis. Serological diagnosis of this life-threatening fungal 
infection remains based on the detection of GMP in the 
serum, urine, or bronchoalveolar lavage samples of in-
fected patients (5, 6).

2. Objectives
The main aim of this study was the identification of 

GMP and standardization of an indirect ELISA for the se-
rological diagnosis of Aspergilloma.

3. Materials and Methods

3.1. Strain and Standard Culture Conditions
A. fumigatus strain AF-293 was cultivated in Sabouraud 

liquid medium (2% glucose, 1% peptone adjusted to pH 
6.1). Culture was incubated at 37° C on a rotary shaker 
150 rpm, 0.5 volume of air/ volume of medium/min for 
3 days (7).
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3.2. Antigen Precipitation
The culture filtrates were suspended with 4 volumes of 

100% ethanol at 25° C, rpm 150, overnight. The solutions 
were precipitated using centrifugation at 4000 g for 30 
minutes. The ethanol precipitates (EP), washed three 
times with ethanol, were re-suspended in PBS (Phosphate 
buffer saline) and stored at 4° C (8).

3.3. Galactomannoproteins (GMP) Analysis
GMP sample was analyzed by sodium dodecyl sulfate 

polyacrylamide gel electrophoresis (SDS-PAGE) using 4% 
staking and 10% separating gels. The GMP samples were 
mixed with the β-mercaptoethanol and SDS loading buf-
fer (50 mM Tris–HCl, 2% [w/v] SDS, pH 6.8) and subjected 
to electrophoresis at 140 V for 1 hour. After electrophore-
sis, GMPs were stained with silver staining technique or 
electro transferred to nitrocellulose membrane for 1 hour 
at 12 V in Tris HCl buffer (pH 8.6). After blocking, nitrocel-
lulose membrane was immersed in the pool of periodate 
0.1 M for 1 hour, then it was rinsed three times with water. 
Afterwards, the bands labeled with proxidase-conjugated 
antibodies diluted at 1:5000. The binding verified with 
3,3’-Diamonibenzidine tetra-Hydrochloride (DAB) as the 
substrate (9).

3.4. ELISA Procedure
In brief, the plates were coated overnight at 4° C with 

10 mL/well of an appropriate dilution of GMP as antigen 
(dilution 1:100). Plates were either used the next day or 
stored at -20ºC for further use. The plates were washed 
three times with washing buffer (PBS 0.05% Tween 20), be-
fore the use. Subsequently, the washing buffer removed 
and an appropriate dilution of each test serum (1:20) was 
added to each of two wells. After an incubation period of 
30 minutes at 37° C, the plates were washed three times as 
mentioned above and 100 mL of an appropriate dilution 
(typically 1:1000) of conjugated antibodies were added to 
each well. Following incubation for 30 minutes at 37° C, 
the plates were again washed three times and 100 mL of 
TMB was added. After 15 minutes (previously determined 
as the optimum time for stopping), the reaction was 
stopped by adding 50 mL H2SO4 to each well. Plates were 
read on an ELISA reader at an optical density of 450 nm.

3.5. Serum Panels
Serum samples from 500 suspected patients for asper-

gilloma infection, provided by microbiology laboratories 
from different hospitals during February 2010 to April 
2011, were used in this study. Sera of patients were ana-
lyzed for the presence of antibody against A. fumigatus 
GMP using an indirect enzyme-linked immunosorbent 
assay (ELISA).

3.6. Calculation of the Cut-Off Point
The cut-off point was calculated based on the mean OD 

of the negative sera, and three standard deviations (cut-
off point = mean OD + 3 standard deviations).

3.7. Comparison With a Commercially Available 
ELISA

The ELISA kit and a commercially available ELISA kit (IBL) 
were compared. The commercial test was performed as 
recommended by the manufacturer, with 500 serum 
samples for antibodies against A. fumigatus. The obtained 
results of both ELISA kits were calculated in relation to 
the immunoblotting and compared.

4. Results

4.1. Identification of GMPs
GMPs are primary metabolites that are released in the 

culture medium of A. fumigatus . Previous studies have 
demonstrated that GMP is a glycoprotein with a molecu-
lar weight between 55 - 60 kDa (9). The analysis of etha-
nol precipitation (EP) on a 10% SDS-PAGE gel silver stained 
and electro transferred to nitrocellulose membrane indi-
cated that GMPs is 60 kDa (Figure 1).

Figure 1. Analysis of Ethanol Precipitation (EP), Stored at 37 ºC, and -20 °C 
(Lane 1 and 2)

A) On a 10% separating gel silver stained B) and electro transferred to 
nitrocellulose membrane
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4.2. Performance of ELISA
Antigen, conjugated antibodies, serum dilutions and 

the timing were optimized based on the dilutions where 
the distinction between positive and negative sera was 
most evident. Between 500 suspected patients' sera, 35 
were serologically positive. The same results were ob-
tained when compared with a commercial ELISA kit. The 
differences of OD observed in the positive and negative 
samples were quite marked.

4.3. Determination of the Cut-Off Point
The average of the OD obtained from 465 antibody-neg-

ative sera, was 0.178. Serum samples with an OD above the 
cut-off point were considered as positive and sera with 
OD values below the cut-off point were considered as neg-
ative. All samples with ODs close to the cut-off point were 
considered as suspect and were retested.

Cut-off point = m OD + 3s.
Cut-off point = 0.109 + (3 × 0.023)
Cut-off point = 0.178

4.4. ELISA Data Were Confirmed by Immunoblot-
ting (Western Blot) Results

Since the immunoblotting is an efficient method, the 
sera were also tested by immunoblotting. Among 35 sera 
samples which were positive using ELISA, 33 were positive 
using immunoblotting. Thus, the ELISA test was found 
sensitive and specific (Table 1).

Table 1. Comparison of the Results Obtained With Indirect 
ELISA and the Immunoblotting Assay on 500 Serum Samples 
and Analysis of Validity of the Test

Immunoblotting a

ELISA Positive Negative

33 33 (a) 2 (b)

2 2 (c) 465 (d)
a Analysis of validity of the ELISA (based on the Immuno blotting 
results). Sensitivity (a/a + c) x, 100 = 33 / 33 + 2 x 100 = 94.2%. Specificity 
(d/b + d) x 100 = 465 / 2 + 465 x 100 = 99.5%. The negative predictive value 
(d/c + d) x 100 = 465 / 2 + 465 x 100 = 99.5%. Positive predictive value (a/a 
+ b) x 100 = 33 / 33 + 2 x 100 = 94.2%. Precision (a + d/a + b + c + d) = 33 + 
465 / 33 + 2 + 2 + 465 x 100 = 99.2%

4.5. Comparison of tested ELISA and Immunoblot-
ting and the Analysis of Test Validity

In Table 1 the results of the comparison between the 
ELISA and the Immunoblotting are shown. The analysis 
of the validity of the test is at the footnotes in Table 1.

5. Discussion
The ranges of Aspergillus infections that may be ac-

quired by individuals include: aspergilloma, allergic 
bronchopulmonary aspergillosis, invasive aspergillosis, 

sinusitis, otomycosis, ocular infections, CNS infection, 
osteomyelitis, cutaneous aspergillosis, endocarditis, uri-
nary tract infection (10). As a result, a rapid and reliable 
diagnosis test can play a critical role in the beginning of 
specific treatment and improvement of the patient sur-
vival quality. The presumptive diagnosis of aspergilloma 
is made by imaging, but the definite criteria for diagnosis 
rely on clinical and laboratory data. The common clini-
cal signs of aspergilloma are chronic cough (the majority 
of patients have hemoptysis), malaise and weight loss. 
Specified laboratory tests, serological techniques based 
on detection of antibodies specific to an antigenic cell 
wall galactomannoprotein of A. fumigatus are reliable (11).

So far several literatures have discussed that GMP as a 
major cell wall component in Aspergillus species and can 
also be secreted into the medium as a component of the 
exoantigen (8, 12). Moreover, one of the critical points in 
designing an ELISA is the preparation of the antigen. The 
described method in this study, for the preparation of 
the ELISA antigen was highly effective, since it provided a 
good discriminative capacity between antibody-positive 
and negative samples. In this study, we described the 
standardization of an indirect ELISA test for the sero-
logical diagnosis of Aspergilloma. The indirect ELISA was 
designed for the large scale detection of antibodies to A. 
fumigatus. The test was found very practical and simple 
to perform, providing in most cases a clear distinction 
between positive and negative sera. Most positive and 
negative sera could actually be identified visually; only 
in a few cases visual inspection was not sufficient to dis-
tinguish the differences between positive and negative 
samples, as immediately confirmed by OD analysis.

The sensitivity, specificity, positive and negative predic-
tive values, and precision calculated for ELISA in com-
parison with the Immunoblotting test, adopted as the 
golden standard. The easy method has shortened the re-
quired time of the test (approximately 1.30 hours for our 
ELISA kit, as opposed to 2.30 hours with others). This may 
be a substantial benefit when large numbers of samples 
should be tested. In addition, the test was shown to be 
very much relied on the repetitions led to the same (posi-
tive or negative) results. The sensitivity and specificity of 
the ELISA test is certainly related to the cut-off point (13). 
The cut off was determined based on the mean OD of the 
actual negative population of sera. In order to establish 
a direct comparison with a widely used, commercially 
available ELISA, our ELISA kit was compared with the ELI-
SA-IBL. In comparison, IBL ELISA presented slightly more 
sensitivity (95%) than the tested ELISA (94.2%). However, 
the specificity of our ELISA was slightly higher (99.5%) 
than the IBL ELISA (95%). A growing number of enzyme 
immunoassays for the serological diagnosis of Aspergil-
loma are being marketed around the world. However, to 
date, none of the diagnostic kits which are available for 
the serodiagnosis of Aspergilloma are produced in Iran, 
which has increased the need for importations, thus sub-
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stantially increased the costs of serological tests. In order 
to find an alternative to the imported kits, we designed 
an ELISA kit. The test showed an adequate performance 
compared to the Immunoblotting assay.
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