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Nucleic acid sequence-based amplification (NASBA), an isothermal amplification technique, was established
and evaluated for the detection of Aspergillus RNA and compared with a previously published, well-defined
real-time PCR assay amplifying a region of the Aspergillus 18S rRNA gene. NASBA showed a lower detection
limit of 1 CFU and detected RNA from five different clinically relevant Aspergillus species, including Aspergillus
fumigatus. All 77 blood samples tested by PCR and NASBA showed identical results in both assays. Results with
the NASBA technique were obtained within 6 h. Thus, the NASBA technique provided a valuable tool for
sensitive, specific, fast, and reliable detection of Aspergillus RNA with potential for routine diagnosis, including
the possibility to test the viability of cells.

Aspergillus species cause life-threatening acute invasive dis-
ease in immunocompromised patients. The incidence of inva-
sive aspergillosis has been steadily increasing over the last few
decades due to an increasing number of patients undergoing
chemotherapy or bone marrow and solid organ transplantation
and to an improved survival rate among patients with AIDS.
The incidence is estimated to be up to 25% and the mortality
is up to 90% in patients with acute leukemia (5). Early diag-
nosis is essential for appropriate and successful antifungal
therapy. However, conventional tests for the detection of As-
pergillus spp., such as blood culture and serology, have limited
sensitivity and specificity (5). Diagnosis by biopsy or histopa-
thology is difficult due to the severity of illness in these pa-
tients. Recently developed methods such as antigen detection
and PCR-based assays may provide sensitive tools for the di-
agnosis of invasive aspergillosis.

Nucleic acid sequence-based amplification (NASBA) is an
isothermal amplification technology which specifically ampli-
fies RNA sequences in a DNA background by using T7 RNA
polymerase (2). NASBA-based assays have been described for
the detection of Candida spp. (19), Salmonella spp. (15), hu-
man immunodeficiency virus (14), cytomegalovirus (1), and
hepatitis C virus (4) RNA in clinical specimens. However, to
our knowledge, NASBA protocols have not yet been applied to
the detection of Aspergillus RNA.

The objective of our study was to establish and to evaluate a
NASBA-based assay for a sensitive and specific extraction,
amplification, and detection of RNA from different Aspergillus
species in blood and to compare these data with a previously
published, well-defined real-time PCR assay amplifying a re-
gion of the Aspergillus 18S rRNA gene (11).

For the determination of the lower detection limit of the
NASBA assay, as well as for RNA degradation experiments,

blood from healthy volunteers was spiked with Aspergillus fu-
migatus conidia (106 to 100/ml, in serial dilution). A. fumigatus
cultures (DSM 790) were obtained from the German Collec-
tion of Microorganisms (DSM) and were cultured on Sab-
ouraud-glucose-agar for 72 h at 30°C. Serial dilutions of fungal
cells were prepared with sterile saline suspensions, adjusted to
a McFarland standard of 0.5 (106 CFU/ml).

In order to determine possible cross-reactions of the NASBA
oligonucleotide with other filamentous fungi, RNA from de-
fined cultures of Aspergillus flavus (DSM 818), Aspergillus niger
(DSM 737), Aspergillus versicolor (DSM 1943), Aspergillus glau-
cus (ATCC 14567), Scopulariopsis brevicaulis (DSM 1218),
Curvularia inaequalis (DSM 62462), Absidia corymbifera (DSM
1144), Fusarium solani (DSM 1164), Rhizopus oryzae (DSM
905), Acremonium chrysogenum (DSM 880), Penicillium brevi-
compactum (DSM 3825), Penicillium chrysogenum (DSM 844),
and Alternaria alternata (DSM 1102), as well as RNA from
Candida albicans (DSM 1665), cytomegalovirus, and human
fibroblasts from healthy individuals, were analyzed.

Additionally, 77 blood specimens from neutropenic patients
after allogeneic bone marrow transplantation (n 5 20) were
analyzed in parallel by real-time PCR and NASBA-based as-
says for the presence of Aspergillus nucleic acid.

RNA was extracted using a protocol for filamentous fungi.
Briefly, 100-ml portions of fungal suspensions were prepared
followed by immersion in liquid nitrogen and incubation for 3
min at 60°C. Alternatively, for RNA extraction from whole
blood, 300 ml of RLT lysis buffer (Qiagen, Hilden, Germany)
was added to 100 ml of blood, followed by immersion in liquid
nitrogen. Then, 4.5 ml (20 ml when RNA was extracted from
blood samples) of RNA Secure (Ambion, Austin, Tex.) was
added, and the mixture was incubated for 20 min at 60°C.
Isolation and purification of the RNA were performed accord-
ing to the manufacturer’s protocol by using the RNeasy Minikit
and QiaShredder spin columns (Qiagen). Next, 80 ml of eluate
was obtained and stored at 280°C until further use.

The design of NASBA oligonucleotide was based on com-
parison of the sequence of 18S rRNA genes of Aspergillus
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species and other fungi in the GenBank database. Primers 2.1
(59-GCCGCGGTAATTCCAGCTCCAATA) and 1.2 (59-AAT
TCTAATACGACTCACTATAGGGGAGCAAAGGCCTGCT
TTGAACA) (0.4 mM each, with the T7 promoter sequence in
italics) bind to a highly conserved region of the 18S rRNA
gene. A biotinylated oligonucleotide probe (59-GGTCCGCC
TCACCGCGAGTACTG) was chosen that binds to clinically
relevant Aspergillus species (A. fumigatus, A. versicolor, A. fla-
vus, A. niger, and A. glaucus). Next, 5 ml of target RNA was
added to a prereaction mixture according to the protocol of the
Basic Kit Amplification Module (Organon Teknika, Boxtel,
The Netherlands), followed by an incubation at 65°C for 5 min
and at 41°C for another 5 min. Then, 5 ml of enzyme solution
(AMV-RT, RNase H, T7 RNA polymerase, bovine serum al-
bumin, and sorbitol) was added, and the reaction mixture was
incubated for 90 min at 41°C for isothermal amplification of
RNA. After amplification, detection reagents were prepared
by vortexing a bead-oligo suspension (biotinylated Aspergillus
oligonucleotide bound to streptavidin-coated paramagnetic
beads) until an opaque solution was formed. Bead-oligo sus-
pension and a generic ruthenium-labeled electrochemilumi-
nescence (ECL) probe were mixed. Then, 20 ml of this mixture
was added to 5 ml of the diluted NASBA product (1:10) and
incubated for 30 min at 41°C. After that, 300 ml of Assay Buffer
(Organon Teknika) was added to the hybridization tube, and
the ECL readings were performed in the NucliSens Reader as
described elsewhere (6). To evaluate whether genomic Aspergillus
DNA present in the extract was detectable by NASBA, ali-
quots of extracted Aspergillus nucleic acid were incubated with
DNase-free RNase (Roche Molecular Biochemicals, Mann-
heim, Germany) for 1 h at 37°C.

DNA was extracted as described previously (9) using recom-
binant lyticase (Sigma, Deissenhofen, Germany) and the
QIAmp Tissue Kit (Qiagen). DNA amplification was per-
formed with primers (59-ATT GGA GGG CAA GTC TGG
TG, 59-CCG ATC CCT AGT CGG CAT AG; Roth, Karlsruhe,
Germany) binding to conserved regions of the fungal 18S
rRNA gene in a real-time PCR format using the LightCycler
instrument (11). The detection system is based on fluorescence
resonance energy transfer with two different specific oligonu-
cleotides. Hybridization probe 1 (59-GTT CCC CCC ACA
GCC AGT GAA GGC) was labeled with fluorescein; hybrid-
ization probe 2 (59-TGA GGT TCC CCA GAA GGA AAG
GTC CAG C) was labeled with Light Cycler Red 640. Both
probes are Aspergillus genus-specific and can hybridize in a
head-to-tail arrangement which brings the two fluorescent dyes
into close proximity. A transfer of energy between the two
probes results in the emission of red fluorescent light, which is
measured by photohybrids.

To minimize the risk of carryover contaminations, RNA and
DNA extraction, NASBA-based amplification and detection,
and the LightCycler PCR were performed in separate rooms
with equipment (pipettes, tips, and glassware) exclusively used
for these purposes. Workers performing NASBA and PCR
assays were single-use gowns, sterile gloves, and face masks
and were not allowed to move from the detection into the
extraction area on the same day.

In order to control the presence of RNA in extracts, 23
samples were analyzed with the Titan One Tube RT-PCR Kit
(Roche Molecular Biochemicals). The assay is a reverse tran-

scription-PCR (RT-PCR) technique using avian myeloblasto-
sis virus for first-strand synthesis and Taq polymerase, together
with the proofreading Pwo polymerase for the PCR part (12).
All samples were treated with DNase I (RNase-free; Roche
Molecular Biochemicals) for 1 h at 37°C, and PCR was per-
formed as described before (9). Amplicons were detected by
gel electrophoresis (2% agarose, in TAE) and visualized by
GelStar DNA staining (FMC Bioproducts, Hessisch Olden-
dorf, Germany).

For determination of the lower detection limit of the RNA
assay, NASBA-based amplification of RNA was compared to
the detection of Aspergillus DNA by PCR. NASBA-based as-
says showed a lower detection limit of 1 CFU, whereas the
lower detection limit of the PCR was 10 CFU (11). The As-
pergillus genus-specific NASBA probe detected RNA extracted
from cultures of A. fumigatus, A. flavus, A. versicolor, A. glau-
cus, and A. niger. Additionally, the probe cross-reacted with P.
brevicompactum, P. chrysogenum, and A. alternata RNA. No
signal was obtained with RNA from six filamentous fungi, C.
albicans, as well as with RNA from cytomegalovirus and hu-
man fibroblasts (Table 1). To determine whether inhibitors
that might be present in the blood influenced the amplification
performance, 28 series of diluted A. fumigatus conidia (106 to
100 CFU) were analyzed. Of these reactions, none turned out
to be invalid (no amplification process), demonstrating the
robustness of the assay.

To evaluate whether coinfections with two or more fungal
species in a patient influence the performance of the NASBA
assay, blood samples were spiked with A. fumigatus and C.
inaequalis, a fungus which is not detected by this assay (103

CFU). A minimal reduction in the ECL counts was observed
(18,760 counts) compared to samples spiked with A. fumigatus
alone (29,575 counts). If blood samples were spiked with A.
fumigatus and A. niger (103 CFU), an increase in the ECL
counts of 15,097 was observed.

Additionally, 4 blood samples which were Aspergillus PCR
positive and 73 samples which were PCR negative from pa-
tients after allogeneic bone marrow transplantation (n 5 20)
were analyzed by PCR and NASBA. All PCR-negative samples
(n 5 73) were also NASBA negative, and the four PCR-
positive samples were also NASBA positive. These preliminary
data indicate the possibility of using the NASBA technique for
analyzing RNA in clinical specimens.

In order to control the degradation of RNA, blood samples
were spiked with A. fumigatus conidia or RNA. ECL counts
were measured in the presence or absence of RNA protection
buffer (RNA Secure), respectively. In the presence of the RNA
protection buffer, Aspergillus conidia and RNA were detectable
1, 5, 10, 30, 60, and 180 min and 24 h postspiking, whereas
without buffer only the conidia were detectable (24 h postin-
oculation). No ECL counts were detectable with spiked RNA,
a result most likely due to rapid RNA degradation (Fig. 1).
NASBA performed on RNase-treated culture extracts of A.
fumigatus yielded ECL signals which were not different from
the assay negative control signals. In contrast, positive results
were obtained in all 23 spiked samples if cDNA was amplified
by RT-PCR performed on DNase-treated nucleic acid extracts.

Invasive aspergillosis has been reported with an increasing
frequency in bone marrow and solid organ transplant recipi-
ents, in patients receiving intense chemotherapy, in AIDS pa-
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tients, and in patients with cystic fibrosis. For the early diag-
nosis of disseminated disease, rapid, sensitive, specific, and
reproducible detection methods are mandatory (8). In selected
groups of patients, PCR-based assays demonstrated a potential
value for the early diagnosis of invasive fungal infections (7,
16). We recently showed that prospective screening of patients
after allogeneic stem cell transplantation by PCR revealed a

very high negative predictive value of 100% (7). However, as
also found for other sensitive assays, the positive predictive
value in an unselected cohort of patients was found to be
rather low. In contrast, RT-PCR (13) and NASBA-based as-
says (1) proved to be highly specific methods for the detection
of viral infection as it directly reflects transcriptional activity.
Widjojoatmodjo et al. demonstrated that NASBA is a good
alternative to PCR for the detection of candidemia (19). Can-
dida RNA was extracted according to a modified protocol from
van Deventer et al. (18), which allows RNA isolation within
3 h. However, for Aspergillus RNA extraction, a protocol in-
cluding immersion of the fungal cells in liquid nitrogen and
incorporation with b1,3-glucanase is mandatory because of the
complexity of its cell wall. The assay described offers a very
sensitive tool for the detection of Aspergillus RNA in blood.
The NASBA process requires fewer cycles than PCR to obtain
similar sensitivity since 10 to 100 copies of RNA are generated
in each transcription step (2). Thus, the total incubation time
and the error frequency are reduced with NASBA. PCR-based
assays followed by specific hybridization require a minimum of
9 h, whereas the total incubation time of the NASBA assay is
less than 4 h. Therefore, NASBA-based assays (extraction,
amplification, and detection) can be performed within 1 work-
ing day. However, the use of a buffer (RNA Secure) which
protects RNA against degradation by RNase is strongly rec-
ommended, since all untreated samples remained negative,
whereas in samples containing buffer, spiked RNA was detect-
able at .3 h postspiking.

The primers described are binding to 18S rRNA. In bacteria,
16S rRNA is present in approximately 1,000 copies per cell,
whereas in fungal cells, 100 to 300 copies of 18S rRNA can be
found. This further enhances the sensitivity of the assay com-
pared to the amplification of nucleic acids from single-copy
genes with a detection limit of 100 CFU (3). The NASBA
probe showed specificity for Aspergillus and Penicillium species
with no cross-reaction to yeast, viral, or human RNA. We
demonstrated previously (10) that lyticase or commercially

FIG. 1. Influence of time between sampling and extraction on detectable RNA level.

TABLE 1. ECL counts obtained by NASBA assay and CFU counts
obtained by quantitative LightCycler-PCR (LC-PCR) for

A. fumigatus in defined dilutions for different filamentous fungi
and for C. albicans, cytomegalovirus, and human RNA

Inoculum (CFU)a

Mean ECL
count 6 SD as
determined by
NASBA assay

Mean CFU/ml
6 SD as

determined by
LC-PCRb

Aspergillus fumigatus (105) 82,841 6 52,282 100,650 6 38,112
Aspergillus fumigatus (104) 61,770 6 46,673 11,230 6 5,416
Aspergillus fumigatus (103) 32,901 6 18,073 990 6 523
Aspergillus fumigatus (102) 7,201 6 11,412 125 6 68
Aspergillus fumigatus (101) 3,133 6 3,067 9.3 6 0.1
Aspergillus fumigatus (1) 2,891 6 3,450 Neg
Aspergillus flavusp 230,117 ND
Aspergillus nigerp 293,710 ND
Aspergillus versicolorp 138,254 ND
Aspergillus glaucusp 123,072 ND
Scopulariopsis brevicaulisp 325 Neg
Curvularia inaequalisp 134 Neg
Absidia corymbiferap 134 Neg
Fusarium solanip 146 Neg
Rhizopus oryzaep 180 Neg
Acremonium chrysogenump 130 Neg
Penicillium brevicompactump 17,519 Pos
Penicillium chrysogenump 44,226 Pos
Alternaria alternatap 844 Pos
Candida albicansp 196 Neg
Cytomegalovirus 134 Neg
Human fibroblast 209 Neg
Double-distilled water 90 6 66 Neg

a Organisms tested in an undiluted suspension are indicated with an asterisk.
b Neg, negative; Pos, positive; ND, not done.
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available PCR buffers contained DNA from Saccharomyces
cerevisiae and other yeasts. Thus, a potential risk of contami-
nation with RNA extracted from fungi present in enzymes and
buffers (10) could be minimized.

The NASBA assay offers practical advantages compared to
PCR or RT-PCR. PCR requires rapid temperature changes for
which thermal cyclers are required, whereas NASBA is an
isothermal amplification process. Unlike RT-PCR, the NASBA
assay allows detection of unspliced mRNA and, since thermal
denaturation is absent, a contaminating background of genomic
DNA is not a concern. Specimens can be stored in NASBA
lysis buffer at 280°C until further processing. In addition, the
NASBA technique requires only 100 ml of whole blood com-
pared to 5 ml of blood for PCR. By both techniques, we
obtained an identical sensitivity of 1 to 10 CFU.

In conclusion, NASBA-based assays are valuable tools for
sensitive, specific, fast, and reliable detection of various patho-
gens. They have a potential value for routine diagnosis, includ-
ing the possibility to test viability of cells. Further studies will
be performed for a prospective comparison of PCR, NASBA,
and the detection of fungal cell wall components for an early
and sensitive detection of Aspergillus spp. and to clarify the
value of these assays in preemptive antifungal therapy.
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