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Background. Current laboratory and radiological methods for diagnosis of invasive aspergillosis (IA) lack
sensitivity and specificity.

Methods. 'We prospectively evaluated the diagnostic value of twice-weekly screening for circulating Aspergillus
fumigatus and A. flavus DNA with a polymerase chain reaction—enzyme-linked immunosorbent assay (PCR-ELISA).

Results. Among the 201 adult patients with hematological malignancies who were included in the study, 55
IA cases were diagnosed. On the basis of the analysis of 1205 serum samples from 167 patients, the sensitivity,
specificity, and positive and negative predictive values of the PCR-ELISA for proven and probable IA cases were
63.6%, 89.7%, 63.6%, and 89.7%, respectively, when samples with 2 consecutive positive results were used. The
use of a combination of the PCR-ELISA and a galactomannan (GM) assay increased the sensitivity to 83.3%,
increased the negative predictive value to 97.6%, and decreased the specificity to 69.8%. In most patients with IA,
PCR-ELISA positivity anticipated or was simultaneous with the initiation of antifungal therapy, the abnormalities
found by computed tomography, the mycological/histological diagnosis, and the GM positivity. Overall, 56.3% of
the patients had at least 1 positive sample, and the false single-positive rate was 44.8%.

Conclusions. In addition to serial screening for GM antigenemia and radiological surveillance, PCR-ELISA
may improve the rates of early diagnosis of IA and the management of patients with hematological malignancies.

Invasive aspergillosis (IA) has emerged as a major cause
of death in patients with hematological malignancies
and in stem cell transplant recipients [1-3]. Early di-
agnosis and early antifungal therapy are critical in im-
proving the prognosis for these patients [4, 5]. How-
ever, no method has proven to be sufficiently sensitive
and specific to allow for an early diagnosis. The ref-
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erence standard for diagnosis requires invasive proce-
dures, so that histological examination or culture can
be performed [6]. The other diagnostic tools are im-
perfect: high-resolution computed tomography (CT) of
the lungs is very helpful but does not provide proof of
IA, culture of body fluids such as the fluid collected
during bronchoalveolar lavage (BAL) has low sensi-
tivity, and fungemia due to Aspergillus species is rare-
ly detected [5, 7, 8]. Thus, in recent years, interest
has focused on nonculture, noninvasive methods. An
ELISA (Platelia Aspergillus; Bio-Rad) for the detection
of galactomannan (GM), a circulating fungal antigen,
has been developed, and its sensitivity ranges from
60.0% to 92.6% [9]. This assay produces some false-
positive results [9], and, more recently, cross-reactivity
with piperacillin-tazobactam therapy—which was prob-
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ably the result of contamination with GM during the produc-
tion of the antibiotic—has been reported [10-12]. The detec-
tion of GM in 2 blood samples has been approved by the
European Organization for Research and Treatment of Cancer
(EORTC) and the Mycoses Study Group (MSG) of the National
Institute of Allergy and Infectious Diseases as the criterion for
the diagnosis of probable IA [6]. The development of poly-
merase chain reaction (PCR) assays for use in the diagnosis of
IA has shown promising but discrepant results, and most stud-
ies that evaluated PCR assays in clinical samples were retro-
spective or involved limited numbers of patients [7, 13-26].
The selection of the target sequence and the end stage of am-
plicon detection can have a major influence on the performance
of a PCR assay [27, 28]. BAL samples had a high rate of false-
positive results, and this was likely due to the contamination
of the samples by ubiquitous Aspergillus conidia or colonization
without true invasive Aspergillus infection of the patients’ lungs
[29]. Because earlier studies have shown that serum was su-
perior to plasma or white cells for amplification of Aspergillus
DNA, we developed a PCR-ELISA to detect Aspergillus DNA
in serum samples [30-32]. PCR-based methods need to be
standardized and adapted for use in the daily clinical routine.
Therefore, we used a combination of commercially available
kits for DNA extraction and ELISA detection of the amplicons.
We conducted a prospective trial in a large cohort of patients
with hematological malignancies, to validate the diagnostic po-
tential of the PCR-ELISA.

PATIENTS, MATERIALS, AND METHODS

Study population and design. From April 2001 through No-
vember 2002, all patients with hematological malignancies who
were routinely screened for GM detection and =15 years old
were included in the study. Official French directives on the
conduct of clinical trials and human experimentation were fol-
lowed. Patients were stratified into 3 IA risk groups—high,
intermediate, and low—as defined by Prentice et al. [33].
During the high-risk periods for infection and until absolute
neutrophil counts increased to >500 cells/uL, all patients were
hospitalized in protected facilities with high-efficiency particu-
late air filtration associated with laminar air flow for patients
undergoing allogeneic stem cell transplantation. Antifungal pro-
phylaxis consisted of 400 mg/day itraconazole in patients with
acute lymphoblastic leukemia and of 400 mg/day fluconazole in
allogeneic stem cell transplant recipients. Empirical antifungal
therapy (0.7-1.0 mg/kg/day amphotericin B or 3 mg/kg/day li-
posomal amphotericin B) was initiated if fever persisted for 3
days despite receipt of broad-spectrum antibacterial therapy. Di-
agnostic procedures included daily physical examination, weekly
bacterial and fungal cultures on stool and urine samples, weekly
chest radiography, and twice-weekly testing for GM. Blood cul-

tures were performed when patients presented with fever. When
IA was suspected, an additional serum sample was collected to
test for the presence of GM, and high-resolution CT of the lungs
and, when possible, culture of BAL fluid were performed. PCR
results were not used in the management of the patients.

Case definition and PCR-ELISA precocity analysis. We
used the consensus criteria proposed by the EORTC/MSG [6].
To evaluate the performance of the GM assay either alone or in
combination with the PCR-ELISA, the results of the GM assay
were not included in the microbiological criteria for the diagnosis
of probable IA. The date of diagnosis of proven IA was defined
as the day on which the initial positive histopathological sample
was obtained, the date of diagnosis of probable IA was defined
as either the day on which the initial sample that yielded As-
pergillus species was obtained or the day on which the second
blood sample that was positive for GM was obtained, and the
date of diagnosis of possible IA was defined as the onset of clin-
ical symptoms. PCR-ELISA precocity in diagnosing IA was as-
sessed in comparison with the timing of the clinical suspicion
of IA, the results of CT, and histological and microbiological
criteria as defined by the EORTC/MSG [6].

DNA extraction. DNA was extracted from both serum and
fungal cultures by use of the QIAamp DNA Mini Kit (Qiagen),
in accordance with the manufacturer’s recommendations. Two
negative controls were used in each DNA extraction experi-
ment. The PCR-ELISA was performed using the serum sample
that was collected for GM detection, which was stored at —20°C
until processing.

Amplification and detection of Aspergillus DNA. The fol-
lowing primer set was used to amplify a sequence of the
A. fumigatus mitochondrial gene (GenBank accession number
L37095 [14]): 5'-digoxigenin—labeled forward primer at position
780-803 (5-TGGTAGAGCTGTCGCTTTACACGC-3') and re-
verse primer at position 915-936 (5-TTGGTTGCGGGTTTAG-
GGATTG-3'). PCR was performed with 50 L of PCR solution
(dUTP [Roche Molecular Diagnostics] and HotStarTaq DNA
Polymerase [Qiagen]) and 15 pL of nonconcentrated DNA in a
PE 2400 thermocycler (Perkin Elmer). Annealing was 45 cycles
for 30 s at 55°C. Each amplification step included at least 2
negative controls with sterile water. As inhibition positive con-
trols, 1 pg of Streptococcus pyogenes DNA was added to all sam-
ples, and they were analyzed in a second PCR assay for ampli-
fication of the M protein gene of S. pyogenes (the sensitivity of
this PCR assay was 1 pg) [34]. To control the sensitivity of the
PCR-ELISA, A. fumigatus genomic DNA from 10 conidia was
amplified as a positive control in each assay. DNA extraction,
PCR, and amplicon detection were performed in separate rooms,
to avoid amplicon contamination. The PCR-ELISA that we used
is commercially available as the plate assay GEN-ETI-K DEIA
(Diasorin) and is based on ELISA techniques to detect the PCR
product after probe hybridization. The probe was labeled with
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Table 1. Characteristics of the patients.
Proven IA Probable IA  Possible IA No 1A Total
Characteristic (n=4) (n = 29) (n=18) (n =116) (n = 167)
IA risk group®
High 2 (50.0) 17 (58.6) 8 (44.4) 46 (39.7) 73 (43.7)
Intermediate 2 (50.0) 10 (34.5) 10 (55.6) 62 (53.4) 84 (50.3)
Low 2 (6.9 8 (6.9) 10 (6.0)
Underlying condition®
Acute leukemia 3 (75.0) 5 (51.7) 13 (72.2) 68 (58.6) 99 (59.3)
Chronic leukemia 7 (24.1) 8 (7.0) 15 (9.0
Lymphoma 2 (6.9 4(22.2) 22 (19.0) 28 (16.8)
Multiple myeloma 4(13.8) 15 (12.9) 19 (11.4)
Miscellaneous 1 (25.0) 1(3.5) 1 (5.6) 3(2.6) 6 (3.6)
Stem cell transplantation 1 (25.0) 1(37.9) 5 (27.8) 55 (47.4) 72 (43.1)
Neutrophil count <5600 cells/ul) 4 (100.0) 4 (82.8) 17 (94.4) 102 (87.9) 147 (88.0)
Episodes,® no. 6 42 29 147 224
Duration, median, days 19.5 19 17.0 17.0 17.0
Corticosteroid therapy® 1(25.0) 13 (44.8) 7 (38.9) 28 (24.1) 49 (29.3)

NOTE. Data are no. (%) of patients, unless otherwise indicated. A, invasive aspergillosis.

@ Defined by Prentice et al. [33].
® Patients may have >1 underlying condition.
¢ During the whole study period.

biotin and was specific for A. fumigatusand A. flavus (5'-GTAAT-
AGTAACATAGATGGC-3'; position 873-892) [14]. The optical
density (OD) was measured at 450 nm and 630 nm. Negative
and positive cutoff values were calculated using 100 serum sam-
ples from healthy donors. OD values =4 SD and <2 SD above
the mean OD of all healthy donors were considered to be positive
and negative results, respectively. Thus, the positive and negative
cutoff values were 0.323 and 0.211 OD values, respectively, and
results within these 2 cutoff values were considered to be equiv-
ocal. The PCR-ELISA was performed by an investigator who was
blinded to the results of the other diagnostic procedures.

GM detection. The GM assay was an ELISA (Platelia As-
pergillus; Bio-Rad). As is currently recommended, the results
were analyzed using the 0.5 OD index (ODI) cutoff value [35].
However, for management of patients, a positive sample was
defined as one with =1.5 ODI, which followed the manufac-
turer’s instructions that were available in Europe at the time
of the study.

Statistical analysis. Before comparisons were made that
involved continuous variables, tests of normality using the Sha-
piro-Wilks method were applied, so that the 2-sample t and
the Wilcoxon rank sum tests could be properly used. The x*
test—or the Fisher exact test, if it was more appropriate—was
used for comparisons of categorical variables. Single-positive
results were defined as at least 1 positive result, and consecutive-
positive results were defined as at least 2 positive results ob-
tained consecutively within 1 week. Thus, patients who did not
have consecutive data obtained within 1 week were excluded
from the final analysis. Because of the uncertainty of the di-
agnosis in patients with possible IA, we performed 3 separate

analyses: the first included only proven and probable IA cases;
the second included proven and probable IA cases, and possible
cases were considered to be proven IA cases; and the third
included proven and probable IA cases, and possible cases were
not considered to be IA.

RESULTS

Study patients.
study and had 256 consecutive episodes of neutropenia (neu-
trophil count, <500 cells/pL). In accordance with EORTS/MSG
criteria, 55 patients (27.4%) were diagnosed with IA [6]. During
the study period plus 3 months, 106 patients (52.7%) died.
Mortality was significantly higher in patients with IA than in
patients without IA (65.4% vs. 47.9%; P = .03).

Thirty-four patients did not have consecutive serum samples

A total of 201 patients were enrolled in the

that were collected within 1 week, and therefore they were ex-
cluded from the final analysis; this left 167 patients, 51 of whom
had IA (4 proven cases, 29 probable cases, and 18 possible cases).
The distribution of underlying conditions and risk groups for
IA are shown in table 1.
PCR-ELISA results.
samples, and these samples were excluded from the analysis.

Inhibitors were detected in 18 serum

In total, 1205 serum samples from 167 patients were analyzed
(median, 6 samples/patient). The mean number of samples per
patient was similar in all IA groups (P = .3). Patients with
proven or probable IA had significantly more positive sam-
ples than did patients without IA (mean, 3.0 vs. 1.4 positive
samples; P<.0001). Ninety-four patients (56.3%) and 38 pa-
tients (22.7%) had single-positive results and consecutive-pos-
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itive results, respectively. Among the latter patients, 26 (68.4%)
were diagnosed with IA (table 2). Results for 105 samples
(8.7%) from 52 patients without IA (44.8%) were considered
to be false single-positive results. The rate of false consecutive-
positive results was 10.3% (table 2). Sensitivity, specificity, and
predictive values of the PCR-ELISA, the GM assay, and the
combination of these 2 assays are detailed in table 3. Both the
PCR-ELISA and the GM assay showed low specificity when
samples with single-positive results were tested. When only the
samples with consecutive-positive results were tested, the spec-
ificity increased to 89.7% for the PCR-ELISA and 80.2% for
the GM assay, whereas the sensitivity decreased from 87.9% to
63.6% and from 75.0% to 66.7%, respectively (table 3). Both
tests showed high negative predictive values (89.7% and 95.9%,
respectively), which reached 97.6% when the tests were com-
bined (table 3).

PCR-ELISA positivity precocity: comparison with other di-
PCR-ELISA positivity predated all other cri-
teria of IA, including clinical suspicion of IA, initiation of

agnostic criteria.

antifungal therapy (either empirical or targeted antifungal ther-
apy), abnormalities on CT scan, mycological/histological di-
agnosis of IA, and GM positivity in 11 of 51 IA cases, including
in 3 of 4 proven IA cases, in 5 of 29 probable IA cases, and in
3 of 18 possible IA cases. PCR-ELISA positivity preceded the
initiation of antifungal therapy in 24 of 50 patients by a median
of 8 days (range, 1-62 days) and coincided in 2 patients. PCR-
ELISA positivity preceded the mycological/histological diag-
nosis in 8 patients (a total of 12 patients had mycological/
histological diagnoses) by a median of 16 days (range, 1-110
days). For the radiological diagnosis, 33 patients underwent
high-resolution chest CT, and 31 patients presented with ra-
diological features that are suggestive of IA (12 had halo signs,
2 had air-crescent signs, 3 had cavities within consolidations,
and 14 had new infiltrates). Among these 31 patients, PCR-
ELISA positivity preceded the abnormalities on CT scan in 19
patients by a median of 8 days (range, 1-84 days), and these
events coincided in 2 patients. Among the 38 patients with IA
who had at least 1 positive GM assay result, PCR-ELISA pos-
itivity preceded the positive GM assay result in 12 patients by

a median of 17 days (range, 4-63 days), these events were si-
multaneous in 11 patients, and PCR-ELISA positivity followed
the positive GM assay result in 11 patients.

Mycological and histological results. Mycological or his-
tological confirmation of IA was obtained for 12 patients. As-
pergillus species were found in 9 patients: A. fumigatus in 5
patients, A. flavus in 3 patients, and both A. fumigatus and A.
nidulans in 1 patient. All of these patients had positive PCR-

ELISA results.

DISCUSSION

Serial screening with the PCR-ELISA showed high sensitivity
(87.9%) in the 33 proven and probable IA cases when at least
1 positive serum sample was considered (table 3). In most pa-
tients, PCR-ELISA positivity preceded or was simultaneous with
the initiation of antifungal therapy, the abnormalities on CT
scan, the mycological/histological diagnosis, and positive GM
assay result. However, this high sensitivity was hampered by
rather low specificity and a low positive predictive value, al-
though they could be improved by using samples with con-
secutive-positive results—a criterion that is also required for
GM detection. Our results showed that this assay, in combi-
nation with other techniques—such as CT and GM assay—is
reliable for clinical management of patients with hematologi-
cal malignancies. PCR-ELISA positivity should suggest a diag-
nosis of IA and support physicians in testing a different sample
and using technologies such as CT, bronchoscopy, and GM
assay for confirmation of the IA diagnosis. However, because
of the high rate of false single-positive results, the first positive
PCR-ELISA result cannot be used as the sole criterion to initiate
a specific therapy targeted to A. fumigatus or A. flavus or to
switch from empirical antifungal therapy. Despite this, the high
negative predictive value of the combined PCR-ELISA and GM
assay (97.6%) make a diagnosis of IA very unlikely and should
lead clinicians to investigate a non-Aspergillus fungal infection
or another diagnosis in patients who repeatedly test negative
with the PCR-ELISA and GM assay. Thus, our PCR-ELISA
appears to be very helpful for diagnostic purposes, not only by

Table 2. Results of polymerase chain reaction (PCR)-ELISA and galactomannan (GM) assay in 167 patients with he-

matological malignancies.

PCR-ELISA GM assay PCR-ELISA or GM assay
Single- Consecutive- Single- Consecutive- Single- Consecutive-
1A positive results  positive results positive results positive results positive results positive results
Proven 4/4 (100.0) 4/4 (100.0) 4/4 (100.0) 3/4 (75.0) 4/4 (100.0) 4/4 (100.0)
Probable 25/29 (86.2) 17/29 (58.6) 5/8 (62.5) 5/8 (62.5) 8/8 (100.0) 6/8 (75.0)
Possible 13/18 (72.2) 5/18 (27.8) 29/39 (74.4) 16/39 (41.0) 35/39 (89.7) 24/39 (61.5)
None 52/116 (44.8) 12/116 (10.3) 90/116 (77.6)  23/116 (19.8) 103/116 (88.8)  35/116 (30.2)

NOTE. Data are no. of patients/total no. of patients (%). Single-positive results were defined as at least 1 positive result, and consecutive-
positive results were defined as at least 2 positive results obtained consecutively within 1 week. IA, invasive aspergillosis.
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Table 3. Sensitivity, specificity, and predictive values of the polymerase chain reaction (PCR)-ELISA

and galactomannan (GM) assay.

PCR-ELISA
Samples, IA type PCR-ELISA GM assay or GM assay
Single-positive samples®
Proven and probable IA vs. no IA
(possible IA was excluded)
Sensitivity 87.9 (71.8-96.6) 75.0 (42.8-94.5)  100.0 (73.5-100.0)
Specificity 55.2 (45.7-64.4) 22 4 (15.2-1.1) 11.2 (6.1-8.4)
Positive predictive value 35.8 (25.4-47.2) 1 (4.2-16.6) 10.4 (5.5-17.5)
Negative predictive value 94.1 (85.6-98.4) 89 7 (72.6-97.8)  100.0 (75.3-100.0)
Proven, probable, and possible IA
vs. no A (possible IA was
considered to be proven IA)
Sensitivity 82.4 (69.1-91.6) 74.5(60.4-85.7) 92.2 (81.1-97.8)
Specificity 55.2 (45.7-64.4) 22.4 (15.2-31.1) 11.2 (6.1-18.4)
Positive predictive value 44.7 (34.4-55.3)  29.7 (21.9-38.4) 31.3 (24.0-39.4)
Negative predictive value 87.7 (77.9-94.2) 66.7 (49.8-80.9) 76.5 (50.1-93.2)
Proven and probable IA vs. no IA
and possible |A (possible IA was
considered to be no IA)
Sensitivity 87.9 (71.8-96.6) 75.0 (42.8-94.5) 100.0 (73.5-100.0)
Specificity 51.5 (42.7-60.2) 23 2 (16.8-30.7) 11 0 (6.5-17.0)
Positive predictive value 30.9 (21.7-41.2) 0 (3.3-12.9) 0 (4.2-13.6)
Negative predictive value 94.5 (86.6-98.5) 92 3 (79.1-98.4) 100 0 (80.5-100.0)
Consecutive-positive samplesb
Proven and probable IA vs. no IA
(possible IA was excluded)
Sensitivity 63.6 (456.1-79.6) 66.7 (34.9-90.1) 83.3 (61.6-97.9)
Specificity 89.7 (82.6-94.5) 80.2 (71.7-87.0) 69.8 (60.6-78.0)
Positive predictive value 63.6 (45.1-79.6) 25.8 (11.9-44.6) 22.2 (11.2-37.1)
Negative predictive value 89.7 (82.6-94.5) 95.9 (89.8-98.9) 97.6 (91.6-99.7)
Proven, probable, and possible |A
vs. no |A (possible IA was
considered to be proven |A)
Sensitivity 51.0 (36.6-65.2) 47.1 (32.9-61.5) 66.7 (62.1-79.2)
Specificity 89.7 (82.6-94.5) 80.2 (71.7-87.0) 69.8 (60.6-78.0)
Positive predictive value 68.4 (61.3-82.5) 51.1 (36.1-65.9) 49.3 (37.0-61.6)
Negative predictive value 80.6 (72.7-87.0)  77.5 (69.0-84.6) 82.7 (73.7-89.6)
Proven and probable IA vs. no IA
and possible IA (possible IA was
considered to be no IA)
Sensitivity 63.6 (45.1-79.6) 66.7 (34.9-90.1) 83.3 (51.6-97.9)
Specificity 87.3 (80.5-92.4) 74.8 (67.2-81.5) 61.9 (53.8-69.6)
Positive predictive value 55.3 (38.3-71.4) 17.0 (7.6-30.8) 14.5 (7.2-25.0)
Negative predictive value 90.7 (84.3-95.1)  96.7 (91.7-99.1) 98.0 (92.8-99.8)

NOTE. Data are % (95% confidence interval). IA, invasive aspergillosis.

@ Samples with at least 1 positive result.

b Samples with at least 2 positive results obtained consecutively within 1 week.

suggesting IA, in the case of a positive result, but also—and
principally—by almost excluding IA due to A. fumigatus or A.
flavus, in the case of a negative result.

GM detection with an ELISA is recognized as a useful diag-
nostic tool [6, 9]. Studies that compared the performance of a
PCR assay with that of the GM assay showed contradictory re-
sults, and the variability in the GM cutoff values that were used
hampers comparisons between studies [14, 19, 23-26, 31, 36,

37]. In the present study, whereas the performance of the PCR-
ELISA appeared to be better than that for the GM assay when
samples with single-positive results were used, the 2 assays
showed comparable results when samples with consecutive-pos-
itive results were used—a criterion that is recommended for
reliable clinical use of such an assay (table 3). Thus, either one
of these assays was superior for diagnostic purposes, and either
one could be substituted for the other. Furthermore, the com-
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bined use of the 2 assays increased the sensitivity and negative
predictive value of each individual test to 83.3% and 97.6%,
respectively. The combined use of DNA and GM detection as-
says appears to be very attractive, because of the different targets
concerned, and many authors have recommended it [14, 19, 24,
26]. Our study is the first, to our knowledge, that provides evi-
dence of the actual benefit of this combination.

The results of this prospective evaluation showed that the
PCR-ELISA may favorably be incorporated into the IA diag-
nosis strategy, in association with serial screening for GM an-
tigenemia and surveillance by use of chest CT. Use of the PCR-
ELISA may not only improve the ability to offer an early
diagnosis of IA, when positive results are obtained, but also
provide more confidence to exclude a diagnosis of IA, when
negative results are obtained. Correlation of its results with
clinical outcome and its value in monitoring the effectiveness
of antifungal therapy will require further specific evaluation.
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