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Detection of galactomannan antigen (GMA) in serum is the standard assay for the diagnosis of invasive
aspergillosis (IA) in high-risk patients with hematological disorders. Detection of Aspergillus DNA in serum has
been proposed, but its sensitivity is lower than that of GMA when small serum volumes (SSV) are used. In this
study, we investigated whether extraction of DNA from large serum volumes (LSV) improves diagnostic yield.
In a 13-month prospective study, we compared the performances of twice-weekly screening of serum for GMA
by an enzyme immunoassay and weekly screening for Aspergillus fumigatus DNA by a real-time PCR (RT-PCR)
assay of 1.0 ml (LSV) or 100 �l (SSV) of serum. We included 124 patients (138 treatment episodes), with 17
episodes of EORTC (European Organization for Research and Treatment of Cancer)/MSG (Mycoses Study
Group)-documented IA. In all, 1,870 samples were screened for GMA. The sensitivity (Se), specificity (Sp), and
positive and negative predictive values (PPV and NPV, respectively) of GMA for IA were 88.2%, 95.8%, 75%,
and 98.3%, respectively. We screened 938 samples for Aspergillus DNA by using LSV; 404 of these samples were
also tested with SSV. The Se, Sp, PPV, and NPV of RT-PCR were 100%, 96.7%, 81%, and 100%, respectively,
with LSV and 76.5%, 96.7%, 81.3%, and 95.6%, respectively, with SSV. DNA detection gave a positive result
when performed on LSV in two cases of IA where the GMA assay result remained negative. Furthermore, in
four IA cases, DNA was detected earlier than GMA. The use of LSV for extraction improved the performance
of the RT-PCR, which appears highly sensitive and specific for the early diagnosis of IA in high-risk patients
with hematological disorders.

Invasive aspergillosis (IA) is currently the most frequent
fungal infection in patients with hematological malignancies
(18). Despite highly active new antifungal drugs, mortality re-
mains as high as 50 to 70% (4, 23). Early initiation of effective
antifungal treatment is essential in order to improve the out-
comes for these patients. In this context, high-risk patients with
hematological disorders should benefit from efficient, nonin-
vasive diagnostic strategies allowing early diagnosis of IA. The
screening of galactomannan antigen (GMA) in serum is cur-
rently the only indirect microbiological assay approved for the
diagnosis of IA in such patients (2). However, the GMA assay
yields a number of false-positive results, owing to cross-reac-
tivity between Aspergillus spp. and other fungi (25) or to de-
tection of circulating GMA resulting from contamination by
certain antibiotics or parenteral nutrition preparations (3, 10,
20–22, 24). In addition, high rates of false-positive results for

galactomannan (GM) antigenemia have been reported re-
cently for allogeneic hematopoietic stem cell transplantation
(HSCT) recipients during the first 100 days following trans-
plantation, or for those with chronic gastrointestinal graft-
versus-host disease (GvHD) (1). Thus, the diagnostic value of
GM antigenemia detection should be interpreted with caution
for these patients, in conjunction with the results of other
diagnostic procedures.

Screening for circulating DNA of Aspergillus spp. by PCR
has shown potential in the definitive diagnosis of IA, especially
in combination with antigen testing (17, 26). However, in most
studies, the sensitivity of DNA detection was lower than that of
GMA screening, possibly because small serum volumes (SSV)
(100 to 200 �l) were used for DNA extraction (14, 15, 17). The
current availability of automated nucleic acid extraction tech-
niques, such as the MagNA Pure LC (Roche Diagnostics)
apparatus, which allows safe DNA extraction from larger vol-
umes of serum (i.e., 1 ml), prompted us to test this hypothesis.
We performed a prospective study of adult patients with he-
matological disorders who were at high risk for IA in order to
determine the diagnostic contribution of weekly screening of
large serum volumes (LSV) for Aspergillus fumigatus DNA in
comparison with conventional serum volumes. We then com-
pared the contributions of these molecular diagnostic ap-
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proaches with that of GM antigenemia assessed on a biweekly
basis.

MATERIALS AND METHODS

Study design. This study was conducted prospectively from February 2006 to
March 2007 (13 months) in the adult hematology and bone marrow transplant
unit at Necker-Enfants Malades hospital, a tertiary-care university hospital
(Paris, France). All adult patients receiving allogeneic or autologous HSCT, or
intensive (induction, consolidation, or salvage) chemotherapy for hematological
malignancies, and who were routinely monitored for biweekly GM detection
were included in the study. A treatment episode was defined as a single cycle of
chemotherapy (with or without HSCT). IA was classified as proven, probable, or
possible, according to EORTC (European Organization for Research and Treat-
ment of Cancer)/MSG (Mycoses Study Group) definitions (2).

Patient management. Empirical antifungal therapy (amphotericin B deoxy-
cholate, liposomal amphotericin B, or caspofungin in cases of renal dysfunction)
was started 2 days after the onset of fever in cases of antibiotic-resistant fever, as
recommended for neutropenic patients (12).

Diagnostic procedures included daily physical examinations, weekly bacterial
and fungal stool and urine cultures, weekly chest radiography, and, as stated,
twice-weekly tests for GM detection. When pulmonary IA was suspected, sputum
samples were also collected for fungal cultures. When possible, a computed-
tomography scan of the chest was performed early on, followed by bronchoal-
veolar lavage (BAL).

Detection of circulating GMA. The GM assay was performed, as recom-
mended by the manufacturer, on samples collected twice weekly (Mondays and
Thursdays) using the Platelia Aspergillus enzyme immunossay (Bio-Rad Labora-
tories, Marnes-la-Coquette, France). Serum samples with an index of �0.5 were
retested the following day and were considered positive if the GM index was
again �0.5 (16).

Extraction of DNA from serum. Samples for the PCR assay were collected
weekly (on Mondays). DNA was extracted from serum using the MagNA Pure
LC apparatus (Roche). For DNA extraction from SSV, 100 �l of serum was
processed with the instrument’s Total Nucleic Acid External Lysis protocol and
MagNA Pure LC DNA isolation kit III (Bacterial, Fungal) (Roche Diagnostics).

For DNA extraction from LSV, 1 ml of serum was processed with the instru-
ment’s Total Nucleic Acid Isolation Large Volume Serum protocol (Roche
Diagnostics) in conjunction with the MagNA Pure LC Total Nucleic Acid Iso-
lation Kit–Large Volume.

RT-PCR assay. A. fumigatus DNA was amplified by real-time PCR (RT-PCR)
with a Thermocycler/ABI Prism 7300 sequence detector (Applied Biosystems) as
described previously (6). The target was a 67-bp DNA fragment specific to the
multicopy gene encoding the 28S rRNA of A. fumigatus. The sensitivity of
RT-PCR (expressed as the mean minimum number of cycles necessary to detect
A. fumigatus DNA) was 34.3 cycles (1 copy), as determined previously (6). A
sample was considered positive only when the crossing point value was �41
cycles.

Statistical analysis. Our objective was to compare the diagnostic contributions
of the GMA and RT-PCR assays in a setting where these tests were performed
twice weekly and weekly, respectively, to monitor the subsequent development of
IA. Thus, the positivity and negativity of a test were defined for each treatment
episode. For the GMA assay, an episode was considered positive when at least
two consecutive samples were positive; for RT-PCR, an episode was considered
positive when at least one sample was positive. To calculate the sensitivity (Se),
specificity (Sp), positive predictive value (PPV), and negative predictive value
(NPV) of each test, we used the EORTC/MSG criteria (except the GM results)
for diagnosis of IA (2).

The date of diagnosis of IA (proven, probable, or possible) was defined for a
given patient as the day on which the first clinical, radiological, and/or microbi-
ological EORTC/MSG criteria, other than a GM-positive result, appeared.

RESULTS

During the 13-month period of this prospective study, 124
adult patients, corresponding to 138 treatment episodes, were
considered at high risk for IA; 17 of these patients developed
IA (1 proven, 14 probable, and 2 possible). The cumulative
incidence of proven and probable IA, per patient or per treat-
ment episode, was 12.1% or 10.1%, respectively. The incidence
reached 13.7% or 12.3%, respectively, when possible cases
were also taken into account. The characteristics of IA patients
are shown in Table 1.

Comparative diagnostic contribution of detection of circu-
lating A. fumigatus DNA from SSV or LSV. The performances
of the RT-PCRs using SSV or LSV procedures for DNA ex-
traction were compared for 43% (404/938) of the samples

TABLE 1. Characteristics of 17 adult patients with proven, probable, or possible IA

Patient
no.

Age
(yr) Gendera SCT

Primary
disease
or risk
factorb

IA
classificationc

Days
posttransplantation GvHD

Neutropenia
(�0.5 �
109/liter)

Chemotherapy
during the
preceding

4 wks

Steroid use
(�1 mg/
kg/day)
during

the
preceding

3 wks

Outcome
at 3 mo

after
diagnosis

1 51 F Allogeneic AML Probable 21 No Yes Yes No Survival
2 68 F No CLL Probable No No No No Death
3 27 M No AML Probable No Yes Yes No Death
4 55 M Allogeneic Myeloma Probable 70 Yes Yes No Yes Death
5 31 M Allogeneic AML Probable 28 Yes Yes No Yes Death
6 54 F Allogeneic CLL Probable 180 Yes Yes No Yes Death
7 69 F No CLL Probable No Yes Yes No Survival
8 52 F Allogeneic AML Probable 124 Yes Yes No No Survival
9 56 M Allogeneic Aplasia Probable Yes Yes No Yes Death
10 34 M No AML Probable No Yes Yes No Survival
11 77 F No ALL Probable No Yes Yes No Death
12 53 F No Myeloma Probable No Yes Yes No Death
13 79 M No ALL Probable No No No No Death
14 57 F Allogeneic CLL Proven 340 Yes No No Yes Death
15 63 M No AML Probable No Yes Yes No Death
16 47 M No AML Possible No Yes Yes No Survival
17 18 F Allogeneic AML Possible 150 No Yes Yes Yes Death

a M, male; F, female.
b ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; CLL, chronic lymphoid leukemia.
c According to European Organization for Research and Treatment of Cancer criteria. Criteria are from Ascioglu et al. (2).
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available for DNA analysis. These were from 107 treatment
episodes for 105 patients, including the 17 IA cases (median
number of serum samples per episode, 3; range, 1 to 14).
Circulating DNA was detected in 16 treatment episodes (38
samples) by use of SSV and in 20 treatment episodes (60
samples) by use of LSV. A total of 109 serum samples from the
17 patients with IA (17 treatment episodes) were tested using
both methods. Thirty-five samples (from 13 treatment epi-
sodes) were positive by the SSV procedure compared to 57
(from 17 treatment episodes) by the LSV procedure (P �
0.004). The RT-PCR using SSV was repeatedly negative in
four treatment episodes (cases 1, 4, 10, and 14 [Table 2]) with
IA. In all, three serum samples from three episodes, not re-
lated to IA, yielded false-positive DNA results by using LSV
and SSV. The Se, Sp, PPV, and NPV of RT-PCR were 100%,
96.7%, 85%, and 100%, respectively, when DNA was extracted
from LSV and 76.5%, 96.7%, 81.3%, and 95.6%, respectively,
when SSV were used. Thus, increasing the volume of serum for
DNA extraction to detect IA cases allowed a higher Se and
NPV without affecting the Sp and PPV.

Comparative values of detection of circulating A. fumigatus
DNA (from LSV) and GMA for the diagnosis of IA. In all, 1,870
serum samples from 138 treatment episodes for 124 patients
were screened for GMA (median number of serum samples
per episode, 10; range, 2 to 55). Circulating GMA was detected
in 35 patients (113 positive serum samples). Among the 17
patients with IA, 15 had at least 2 consecutive positive GMA
samples (median number of consecutive positive GMA sam-
ples, 9; range, 3 to 23). These 15 patients were therefore

considered positive for GMA by EORTC criteria. One patient
with IA (case 17) had only 1 positive serum sample out of 39
tested and was thus considered negative for GMA. Another IA
patient (case 16) had a total of 42 serum samples analyzed, all
of which were negative for GMA. Nineteen patients without
IA had at least one positive GMA result (7.6% of their serum
samples [34/444]) (median number of positive assays, 1; range,
1 to 9). Among these, five had at least two consecutive positive
GMA samples (median, 2; range, 2 to 9). They were therefore
considered positive for GMA.

A total of 938 sera from 138 treatment episodes for 124
patients were screened for A. fumigatus DNA by RT-PCR
using the LSV procedure (median number of serum samples
per episode, 5; range, 1 to 32). Circulating A. fumigatus DNA
was detected in 21 treatment episodes (64 positive samples).
All 17 patients with IA had at least one positive RT-PCR
result, with 28.9% (59/205) of their serum samples positive for
A. fumigatus DNA (median number of positive samples, 3;
range, 1 to 14). Four patients who did not meet the EORTC/
MSG criteria for IA also had one positive RT-PCR result each
(1 positive sample per patient; overall, 4 positive RT-PCR
results out of 36 sera). Two patients with false-positive RT-
PCR results were also positive for GMA (3 of 4 and 1 of 23
serum samples, respectively), and two had one RT-PCR-posi-
tive sample each but tested negative for GMA (0 of 3 and 0 of
23 serum samples, respectively).

Sensitivity, specificity, PPV, and NPV were 100%, 96.7%,
81%, and 100%, respectively, for RT-PCR using LSV and
88.2%, 95.8%, 75.%, and 98.3%, respectively, for GMA. Thus,

TABLE 2. Diagnosis of IA and its documentation

Patient
no.

Criteria for IA according to EORTCa

Date of
diagnosisb

Result for the following assay:

Host
factors

Clinical evidence Microbiological evidence
GMA

RT-PCR

Major Minor Culture
GM in
CSF or

BAL

LSV SSV

No. of
positive
samples

Date of first
positive
sample

No. of
positive
samples

Date of first
positive
sample

No. of
positive
samples

Date of first
positive
sample

1 Yes C S, N, P NP NP 3/14/2006 2 2/20/2006 2 2/27/2006 0
2 Yes H S, N, P A. fumigatus

from BAL
BAL 12/4/2006 3 12/22/2006 1 12/22/2006 1 12/22/2006

3 Yes H S, N Negative NP 2/12/2006 6 2/12/2006 2 2/12/2006 2 2/12/2006
4 Yes H S, N, P A. fumigatus

from BAL
? 1/11/2007 2 1/8/2007 1 1/13/2007 0

5 Yes H S, N, P Negative NP 2/10/2006 2 2/5/2007 4 1/29/2007 2 2/5/2007
6 Yes No N, I Negative NP 4/24/2006 9 3/20/2006 5 4/4/2006 3 4/4/2006
7 Yes No N, I Negative NP 6/1/2006 2 7/3/2006 1 7/3/2006 1 7/3/2006
8 Yes H, C S, I, P Negative Negative 1/23/2007 2 2/14/2007 4 1/24/2007 1 2/19/2007
9 Yes H S, P Negative NP 4/11/2006 26 4/3/2006 14 4/3/2006 14 4/3/2006
10 Yes No S, I, N, P Negative NP 8/17/2006 2 9/6/2006 3 9/4/2006 0
11 Yes No S, N NP NP 4/27/2006 2 4/25/2006 4 4/19/2006 1 4/25/2006
12 Yes No S, I, N, P Negative NP 11/16/2006 7 11/8/2006 4 11/8/2006 3 11/8/2006
13 Yes H S, I, P A. fumigatus

from BAL
NP 2/24/2007 3 2/19/2007 5 2/19/2007 2 2/21/2007

14 Yes No S, P A. fumigatus
from sputum
and skin

CSF 1/9/2007 4 12/28/2006 3 1/2/2007 0

15 Yes H S Negative NP 2/21/2006 5 2/16/2006 4 2/16/2006 3 2/20/2006
16 Yes No N, I Negative NP 10/10/2006 0 1 10/2/2006 1 10/10/2006
17 Yes No N, P Negative NP 4/4/2006 1 3/28/2006 1 3/28/2006 1 3/28/2006

a Criteria are from Table 2 in Ascioglu et al. (2). CSF, cerebrospinal fluid; H, halo sign; C, air-crescent sign or cavity within area of consolidation; S, symptoms of
lower respiratory tract infection; I, any new infiltrate not fulfilling major criteria; N, multiple nodular lesions in the lung, P, pleural effusion; NP, not performed.

b Defined as the first day on which clinical and/or microbiological criteria were met.
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the overall performance of RT-PCR using LSV was consis-
tently higher than that of GMA (Table 3).

Timing of RT-PCR and GM positivity compared with other
clinical diagnostic criteria. The dates of diagnosis and the
dates on which the first positive test results for A. fumigatus
DNA and GM were obtained are presented in Table 2. As
shown in Fig. 1 and summarized in Table S1 in the supplemen-
tal material, RT-PCR performed on LSV yielded positive re-
sults either earlier than GMA (in four cases: cases 5, 8, 10, and
11) or simultaneously (in eight cases: cases 2, 3, 7, 9, 12, 13, 15,
and 17). Similarly, positive results were obtained later by RT-
PCR with SSV than by RT-PCR with LSV in six cases (median,
7 days; range, 7 to 25 days). No correlation was observed
between the extent of pulmonary disease and the rate of pos-
itive tests by either method (data not shown).

Analysis of patients with circulating A. fumigatus DNA who
did not meet the EORTC/MSG criteria for IA. Patients were
considered false positives if they tested positive (two consecu-
tive serum samples positive for GMA and/or a single serum
sample positive for A. fumigatus DNA) without meeting the
EORTC/MSG criteria for IA at the time of sampling or at any

time during follow-up. In all, eight patients were considered
false positives for the GMA and/or RT-PCR assay. In four
cases, only the GMA assay was positive; in three cases, only
RT-PCR was positive; and in one case, both GMA and RT-
PCR were positive.

Among the four patients with false-positive RT-PCR results,
two had undergone allogeneic SCT and had grade III acute
GvHD requiring intensive immunosuppression; another was
neutropenic following autologous SCT for multiple myeloma.
A. fumigatus DNA was detected in one instance in each case.
The two patients with GvHD were placed on prophylactic
posaconazole, and the third patient recovered rapidly from
neutropenia. None subsequently developed clinical criteria
for IA.

DISCUSSION

We show here that a slight technical adaptation in the way
DNA was extracted, i.e., a 10-fold increase in the extraction
volume, significantly increased the performance of RT-PCR in
the detection of A. fumigatus DNA in high-risk patients with

TABLE 3. Sensitivity, specificity, and predictive valuesa of weekly RT-PCR and biweekly GM detection for the diagnosis of IA in 138
treatment episodes for 124 high-risk patients with hematological disorders

Assay Se Sp PPV NPV

RT-PCR
LSV 100 (90.5.-100) 96.7 (92.1–98.3) 81.0 (58.9–89.7) 100 (98.4–100)
SSVb 76.5 (50.7–86.9) 96.7 (91.1–98.3) 81.3 (55.6–89.7) 95.6 (89.5–97.8)

GM 88.2 (65.5–93.1) 95.8 (90.8–97.8) 75.0 (51.2–85.8) 98.3 (94.4–99.0)

a Data are percentages (95% confidence intervals).
b Evaluated in 107 treatment episodes for 105 patients.

FIG. 1. Time interval between the day of diagnosis of IA (data from 17 episodes) and the day of the first positive result by the RT-PCR or GM
assay. Week �2, days 15 through 8 before diagnosis; week �1, days 7 through 1 before diagnosis; week �1, the day of diagnosis through day 7
after diagnosis; week �2, days 8 through 15 after diagnosis.
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hematological malignancies. Indeed, increasing the starting se-
rum volume for DNA extraction from 100 �l to 1 ml increased
the sensitivity and NPV of the test to 100% without affecting
the other performance parameters. This gain in sensitivity al-
lowed the detection of smaller amounts of circulating DNA in
the sera of high-risk patients. In six cases, the positivity of
RT-PCR performed on large volumes preceded both the pos-
itive results revealed in small volumes and those identified with
GMA, permitting an earlier diagnosis. In four cases, RT-PCR
yielded negative results with small volumes but positive results
when performed on large volumes. The use of an automated
DNA extraction system made the extraction procedures easier
and faster and provided a higher degree of safety with respect
to avoiding DNA contamination, which may also explain, at
least in part, why the number of false-positive results was low
in our study.

We have also observed a high performance of prospective
weekly screening of circulating DNA versus that of twice-
weekly screening of GMA for the diagnosis of aspergillosis in
high-risk patients with hematological disorders. The Se, Sp,
PPV, and NPV for the detection of A. fumigatus DNA in at
least a single sample were all higher than those for the detec-
tion of GM in two consecutive samples. A cutoff of two con-
secutive positive PCR results has been suggested to define a
PCR-positive episode (11, 26), but we believe that this crite-
rion is too stringent and could delay diagnosis. Indeed, because
our assay was highly specific (96.7%), the diagnostic value of a
single episode of DNA detection was higher than that of GM
detection (PPV, 81 versus 75%; NPV, 100 versus 98.3%). How-
ever, 70% (12/17) of our IA cases had several consecutive
positive PCR samples.

Several studies have prospectively evaluated the diagnostic
contribution of a PCR to detect Aspergillus DNA in whole
blood or serum by weekly screening for adult patients with
hematological disorders who are at high-risk for IA (5, 9, 11,
13, 15). Their results have shown that the global performance
of the assay, as performed, was too low to be of clinical interest
but that the assay showed the ability to produce an earlier IA
diagnosis when used in combination with GM detection. Dif-
ferent situations have been reported: PCR either had high
sensitivity and NPV, while specificity and PPV were low (11,
13), or, conversely, high specificity and PPV with low sensitivity
and NPV (9, 15). These discrepancies could be due to the
different technical approaches used. Indeed, a major difference
was the type of PCR method used in these studies, i.e., nested
PCR (5, 11), PCR–enzyme-linked immunosorbent assay (9), or
RT-PCR (13, 15). These different types of PCR are not equiv-
alent in terms of contamination with previously amplified
products; the nested PCR dramatically increases the risk of
“false-positive results.” A second major difference was the type
of blood sample used for the molecular detection of DNA.
Different studies used whole blood (5, 11), plasma (15), or
serum (9). A comparison of the efficiencies of the different
specimen types showed that serum is an appropriate source for
the diagnosis of IA by PCR and should be preferred to white
blood cells (7, 8). However, in the studies that used serum, a
small starting volume was used for DNA extraction, which may
explain, in part, the lower performances reported in compari-
son with our results (6, 17).

Our RT-PCR assay also has some potential limitations. Be-

cause it was highly specific for A. fumigatus, the other species
of Aspergillus were not detected. In contrast, GMA detects all
Aspergillus species. However, this limitation is of little clinical
consequence, because A. fumigatus is by far the species most
frequently causing aspergillosis in adult oncohematology pa-
tients (19).

With high-risk patients, it is often difficult to distinguish
false-positive from true results. Analysis of the case histories of
three of the four patients with false-positive detection of cir-
culating A. fumigatus DNA showed that they may have had
abortive IA that failed to develop fully because of the intro-
duction of prophylactic posaconazole in the first two cases and
recovery from neutropenia in the third case. It is therefore
possible that DNA detection for these patients was in fact the
first sign of IA caused by A. fumigatus rather than a false-
positive result. Recently, other investigators have also sug-
gested that DNA detection by PCR is a more sensitive tool
than current diagnostic procedures for distinguishing true from
“false” cases of subclinical IA (13, 26). Although this hypoth-
esis requires further confirmation by large-scale studies, our
results will be of interest in helping to design the molecular
diagnostic approach for IA in high-risk neutropenic patients
that is currently most appropriate.

In summary, our results showed that the use of a larger
volume of serum improves the performance of RT-PCR de-
tection of A. fumigatus DNA and adds clinical value to GMA
detection for high-risk adult patients with hematological dis-
orders.
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