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Detection of Aspergillus fumigatus by Polymerase Chain Reaction
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Aspergillus fumigatus is an opportunistic nosocomial pathogen causing an often fatal pneumonia, invasive
aspergillosis (IA), in immunosuppressed patients. Oligonucleotide primers were used to amplify a 401-bp
fragment spanning the 26S/intergenic spacer region of the rDNA complex of A. fumigatus by the polymerase
chain reaction (PCR). The primers were highly sensitive and specific: as little as 1 pg of A. fumigatus genomic
DNA could be detected, and the primers only amplified DNA from A. fumigatus and not any other fungal,
bacterial, viral, or human DNA tested. Using the PCR, we were able to detect A. fumigatus DNA in lung
homogenates from immunosuppressed mice experimentally infected with A. fumigatus but not from immuno-
suppressed uninfected controls. There was 93% correlation between the culture results and the PCR results.
In a retrospective clinical study, the sensitivity of the PCR for the detection of A. fumigatus in clinical samples
was confirmed by positive amplification in three of three culture-positive respiratory samples from confirmed
cases of IA. Because isolation of Aspergillus spp. may reflect contamination and colonization without infection,
the feasibility of using the PCR was evaluated by analyzing culture-negative samples from both immunosup-
pressed patients at high risk for IA and immunocompetent patients with other lung infections. Only 2 of 10
patients were culture negative and PCR positive in the high-risk group, and 2 of 7 patients were culture
negative and PCR positive in the immunocompetent group. The results indicate that PCR detection might be

a valuable adjunct to current laboratory methods to diagnose IA.

Invasive aspergillosis (IA) is caused by opportunistic
infection with pathogenic Aspergillus species and is a major
hazard for immunocompromised patients. Those particularly
at risk are leukemia patients with cytotoxic drug-induced
neutropenia and bone marrow and organ transplant recipi-
ents receiving high-dose corticosteroid therapy. It has been
shown previously that up to 41% of patients who died of
acute leukemia had evidence of aspergillosis (10). Aspergil-
lus fumigatus is the most common species associated with
IA, and once the disease is established, it is refractory to
treatment. Amphotericin B is still the mainstay of antifungal
chemotherapy, but its efficacy is limited owing to its acute
nephrotoxicity. Early diagnosis, therefore, remains the key
to a favorable outcome (1). Clinical diagnosis of IA is
difficult and is largely presumptive, typically based on the
presence of spiking fevers not responding to antibiotics in a
patient with the known risk factors outlined above. The
clinical samples most often available for microbiological
diagnosis are bronchial washings and bronchoalveolar la-
vage (BAL) fluids. Positive culture of Aspergillus spp.,
although indicative, is not proof of infection, and the “‘gold
standard’” is mycological and/or histological evidence of
tissue invasion, which is not always easy to obtain. There
have been some successful attempts to use serological
assays to detect circulating antibodies to Aspergillus spp. in
the noninvasive form of the disease, e.g., allergic bronchop-
ulmonary aspergillosis and aspergilloma, but generally im-
munosuppressed patients generate a poor antibody re-
sponse. Tests based on the detection of Aspergillus cell wall
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antigens suffer from lack of sensitivity (19), and sequential
sampling is often required (4, 13, 14). The polymerase chain
reaction (PCR) has already been used to detect DNA from a
number of pathogens when diagnostic methods are limited
(3, 11, 16, 18), and its use to amplify specific sequences of
DNA from A. fumigatus followed by agarose gel electro-
phoresis and simple visualization with UV light would be a
much needed addition to conventional laboratory methods.
It is highly sensitive and a result could be obtained on the
same day, which would be an improvement on standard
methods. We report for the first time the use of the PCR for
the detection of A. fumigatus. The aim of the study was to
develop oligonucleotide primers that specifically amplify
DNA from A. fumigatus and to demonstrate both the utility
and the validity of the PCR for the laboratory diagnosis of
IA. We also attempted to assess the prevalence of A.
fumigatus in patient populations at both high and low risk for
1A, in view of the commensal or colonization role A.
fumigatus can manifest in the upper respiratory tract. The
results confirm that the PCR can be used to detect A.
fumigatus DNA in clinical samples, and they indicate that
clinical evaluation of this method is warranted.

MATERIALS AND METHODS

DNA cloning and sequencing. pAF2;, a pBluescript KS+
(Stratagene) plasmid containing a 5.5-kb fragment of the
rRNA complex from A. fumigatus, was subcloned from a
recombinant phage from an EMBLA genomic DNA library of
a clinical isolate of A. fumigatus H93 (2). pAF2; was
digested with PstI and Xhol, and a 510-bp fragment spanning
93 bp of the 3’ end of the 26S gene and 417 bp of the
intergenic spacer region was subcloned into bacteriophage
vectors M13mp18 and M13mpl19 (GIBCO BRL, Uxbridge,
United Kingdom [U.K.]). The insert DNA was sequenced
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TABLE 1. Organisms from which DNA was obtained for
use in specificity studies

Species Isolate no. Origin
Aspergillus fumigatus® 93, 111, 171 Clinical isolates
Aspergillus fumigatus® 237 Clinical isolate
Aspergillus flavus® 202, 204, 233 Clinical isolates

Aspergillus niger” 114, 205 Clinical isolates
Aspergillus niger 2275 From Vaccinium sp.
Aspergillus nidulans® 1286, 2180 Clinical isolates
Aspergillus clavatus® 2151 Clinical isolate
Aspergillus terreus® 2026 Unknown
Rhizopus oryzae® 129 Clinical isolate
Fusarium oxysporum? 126 Clinical isolate
Penicillium aurantiogriseum® 140 Clinical isolate
Penicillium chrysogenum® 210 Clinical isolate
Candida albicans* 97 Clinical isolate
Cryptococcus neoformans® 98 Clinical isolate
Escherichia coli® Clinical isolate

Pseudomonas aeruginosa® Clinical isolate
Mycobacterium tuberculosis’  H37Rv

Pneumocystis carinii®

Human cytomegalovirus”

Human®

@ Royal Postgraduate Medical School (this laboratory).

® Kindly provided by Maeve Keaney, Hope Hospital, Salford, U.K.

< National Collection of Pathogenic Fungi, Colindale, London, U.K.

4 Kindly provided by Malcolm Richardson, Glasgow Royal Infirmary,
Glasgow, U.K.

¢ DNA was a kind gift from John Ibbotson, University of Birmingham,
Birmingham, U.K.

f DNA was a kind gift from Ying Zhang, MRC Tuberculosis and Related
Infections Unit, Royal Postgraduate Medical School, Hammersmith Hospital,
London, U.K.

& DNA was a kind gift from Ann Wakefield, John Radcliffe Hospital,
University of Oxford, Oxford, U.K.

* DNA was a kind gift from John Sinclair, University of Cambridge Clinical
School, Cambridge, U.K.

by the chain termination method of Sanger et al. (15), using
the Sequenase kit (United States Biochemical Corp., Cleve-
land, Ohio) and [**S]dATP (Amersham International, Amer-
sham, U.K.). On the basis of the sequence, two oligonucle-
otide primers were made, Afl 5'-CCTTGGCTAGATTTGT
TGGC-3' and Af2 5'-CCAACTCCCCTCAGCCAACT-3',
corresponding to bases 78 to 98 and 479 to 459, respectively,
by the Department of Virology, Royal Postgraduate Medical
School, on an oligonucleotide synthesizer (Applied Biosys-
tems model 380B). The primers were expected to amplify a
fragment of 401 bp. The first 16 nucleotides of primer Afl
were within the 26S gene.

Organisms. DNA was isolated from several Aspergillus
species, a range of other fungi, and those organisms consid-
ered potential contaminants of clinical samples such as BAL
fluids. All organisms from which DNA was obtained for the
specificity studies are listed in Table 1. Rapid small-scale
extraction of DNA from mycelial mats of filamentous fungi
grown on liquid media was performed as described by Tang
et al. (17), except that the Penicillium spp. were incubated at
25°C for 48 h. Mycelial mats were not cultured in liquid
media for Fusarium oxysporum and Aspergillus clavatus. F.
oxysporum was grown on Sabouraud dextrose media (Ox-
oid), and A4. clavatus was grown on Lactrimel agar (1.4%
[wt/vol] wheat flour, 0.7% [wt/vol] clear honey, 1.4% [wt/
vol] skim milk powder, 1.5% [wt/vol] agar) plates and grown
at 25°C for several days. The mycelial growth was peeled off
with sterile forceps, and the DNA was isolated as described
above. Candida albicans and Cryptococcus neoformans
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DNA was extracted by using the Saccharomyces cerevisiae
extraction method of Elder et al. (6), and the human DNA
was prepared from leukocytes by the method of Gautreau et
al. (7). All DNA samples were dissolved in sterile double-
distilled H,O, diluted to a concentration of 2 pg/ml, and
stored at —20°C.

Amplification. PCR mixes were set up in a ‘‘clean” room
with pipettes reserved specifically for this purpose and
single-use aliquots of all reaction components. Each PCR
contained 10 pl of 10X reaction buffer (100 mM Tris - Cl [pH
8.3], 500 mM KClI, 15 mM MgCl,), 15 ul of glycerol, 2.5 mM
each dATP, dCTP, dGTP, and dTTP (Pharmacia, Uppsala,
Sweden), 2.5 U of Amplitaq (Perkin-Elmer Cetus, Norwalk,
Conn.), and 5 pl of each primer (132 pg/ml). The volume was
made up to 100 pl with double-distilled water, allowing for
the DNA template, which was added in a separate room by
using positive displacement pipettes. The mixes were over-
laid with 50 pl of mineral oil (Sigma U.K. Ltd.). The DNA
was amplified in a thermal reactor (Hybaid Ltd., Tedding-
ton, U.K.) with an initial cycle of 5 min of denaturation at
94°C, 1 min 20 s of annealing at 56°C, and 2 min of primer
extension at 72°C and then 31 cycles of 40 s of denaturation,
1 min 20 s of annealing, and 2 min of extension with a 3-min
extension step in the final cycle. All PCRs were carried out
by using these parameters.

Sensitivity studies. To determine the lower limit of detec-
tion, PCRs were performed on water samples containing 10
ng, 5 ng, 1 ng, 100 pg, 10 pg, 1 pg, 100 fg, 10 fg, and 1 fg of
genomic A. fumigatus 237 DNA.

Specificity studies. Samples of DNA from the species listed
in Table 1 were tested to see whether the primers amplified
the same DNA product. Ten nanograms of template DNA
was used per reaction.

Mouse model of IA. Ten male CD1 mice (Charles River
U.K. Ltd., Margate, U.K.) weighing between 20 and 25 g
were immunosuppressed with 4.5 mg of hydrocortisone
acetate (The Boots Co. PLC, Nottingham, U.K.) injected
subcutaneously on days —4 and —2. On day 0, they received
5 x 10° A. fumigatus 237 conidia in a 30-pl volume of sterile
saline, administered intranasally (5). Hydrocortisone was
also given on days 0, +3, and +5. Eight control mice were
immunosuppressed in the same way, except on day 0 they
received 30 pl of sterile saline only, intranasally. When the
mice died, the lungs were removed and a small piece was
retained for histology. Representative samples from each
group were sent for histological analysis. The remainder of
the lung was weighed and homogenized in 0.5 ml of saline,
using glass tubes and Teflon tissue grinders (Valtech Indus-
tries, Thirsk, U.K.). Both the tubes and the grinders were
treated overnight in 1 M HCl to hydrolyze any contaminating
DNA and then sterilized before use. A 1:10 dilution series
was made from 100 pl of the homogenate. A 50-pl portion of
each dilution was cultured on Sabouraud dextrose and
chloramphenicol agar plates and incubated overnight at
37°C. The undiluted homogenate was mixed with 0.5 ml of
fungal extraction buffer (200 mM Tris - Cl [pH 8.0], 0.5 M
Nadl, 0.01 M EDTA, 1% sodium dodecyl sulfate) and stored
at —20°C until needed. The DNA was isolated by extracting
once with 0.5 ml of phenol, twice with an equal volume of
phenol-chloroform-isoamyl alcohol (25:24:1), and once with
chloroform. The DNA was precipitated with 2 volumes of
ethanol, washed with 0.5 ml of 70% ethanol, dried, and
resuspended in 25 ul of sterile H,O containing 50 ng of
RNase A. DNA from the lungs of a healthy normal mouse
\I’)V(a:; also extracted. Fifty nanograms of DNA was used in a
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TABLE 2. Clinical samples

Patient no. (sex)® Patient age (yr) Clinical details®

Sample© A. fumigatus culture PCR result
Group 1
1(F) 20 BMT, IA BAL“ Positi iti
> o ositive Positive
g g\:/i) 51 Post-BMT aspergillosis of palate Throat gargle Positive Positive
) 26 CML, 1A BAL Positive® Positive
Group 2
g gﬁ; g’g COAD BS Positive® Negative”
> Lung cancer BAL Positive Negative”
M) 66 Renal tx failure Sputum Positive Positive
Group 3
7 (M) 77 Probable lung cancer BAL i i
1(F) 2 BMT ¢ BWH Negative Neae
8 (F) 39 Post-BMT, fever BW Negative Negative”
9 (F) 75 Wegeners disease, fever BW Negative Negative
10 (M) 38 Acute leukemia, lung shadow BAL Negative Negative
11 (M) 52 Renal x, P.U.O. BW Negative Negative
12 (F) 31 Sarcoidosis, lung shadow BAL Negative Positive
13 (F) 21 Post-BMT, lung shadow BAL Negative Positive
14 (M) 33 AML, BMT BAL Negative Negative
15 (M) 30 Post-BMT, fever BAL Negative Negative
Group 4
16 (M) 43 Lung shadow TB Negative Negative
17 (F) 59 Lung lesion BAL Negative Negative
18 (F) 65 Pneumonia BAL Negative Negative
19 (F) 59 Fever, lung effusion TB Negative Positive
20 (F) 63 Lung lobe collapse BAL Negative Negative
21 (M) 71 Lung shadow BA Negative Negative
22 (F) 62 Lung lobe collapse BA Negative Positive

2 F, female; M, male.

4 BMT, bone marrow transplant; CML, chronic myeloid leukemia; COAD, chronic obstructive airways disease; tx, transplant; P.U.O. exia of unknown
y! P! > PyT!

origin; AML, acute myeloid leukemia.

€ BS, bronchial secretions; BW, bronchial washing; TB, trap bronchoscopy; BA, bronchial aspirate.

4 BAL sample taken 3 weeks after the bronchial washing sample in group 3.

€ A. flavus also cultured.
f Positive following Southern hybridization.

Clinical samples. Clinical respiratory samples, such as
BAL fluids and bronchial washings, were obtained from the
clinical laboratory at the Royal Postgraduate Medical
School. The samples fell broadly into four groups (Table 2).
Group 1 consisted of three culture-positive samples from
patients with clinical and mycological features of IA. Group
2 contained three culture-positive samples from patients who
had no clinical evidence of IA but had, or were at risk of
colonization with, Aspergillus spp. One of the samples in
this group was from a renal transplant patient at high risk for
IA and was a culture-positive sputum sample, which is
notoriously associated with Aspergillus contamination and
colonization. Group 3 consisted of 10 culture-negative sam-
ples from immunosuppressed patients at high risk for IA.
Group 4 comprised seven culture-negative samples from
patients at low risk of IA who had a variety of other lung
disorders. Samples were stored at —20°C until needed. DNA
was extracted by mixing 250 pl of the sample with an equal
volume of fungal extraction buffer and 100 wg of proteinase
K (Sigma). The sample was vortexed for 30 s and then
incubated at 65°C for 1 h. A 0.5-ml amount of phenol was
added, and the extraction was continued as described above.
Saline controls were extracted at the same time, and positive
displacement pipettes were used throughout the procedure.
DNA pellets were resuspended in up to 20 pl of distilled
water containing 50 pg of RNase A per ml, depending on the

size of the pellet, to give a concentration of approximately
0.5 to 1 pg/pl. Two microliters of sample was used per PCR.

Gel electrophoresis and Southern hybridization. Portions,
15 ul, of all PCR products were electrophoresed in 1.2%
agarose, stained with ethidium bromide (0.5 pg/ml), and
visualized with UV light. The DNA was transferred from the
gels by Southern transfer onto nylon membrane (Hybond N;
Amersham International.) The membranes were hybridized
with an [a->?P]dCTP randomly labelled (GIBCO BRL),
181-bp intergenic spacer DNA fragment, internal to the
amplified region. The membranes were washed under strin-
gent conditions, as described previously (8), and exposed to
X-ray film for various lengths of time at —70°C, typically 1 h
and overnight. Southern hybridizations were performed by
using the internal DNA probe to confirm that the DNA
products were amplified from the IDNA region and that any
unexpected products were the result of non-specific ampli-
fication.

RESULTS

Sensitivity and specificity studies. PCRs with primers based
on the 26S/intergenic spacer region of the IDNA complex
were sensitive enough to detect 1 pg of A. fumigatus DNA
by UV visualization (Fig. 1A) and as little as 100 fg following
Southern analysis (Fig. 1B). The primers amplified the
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FIG. 1. Sensitivity of primers Afl and Af2: electrophoretic analysis of PCR products amplified from different amounts of 4. fumigatus
DNA template. Ethidium bromide-stained agarose gel (A) and corresponding Southern hybridization with 181-bp internal fragment and 1 h
of autoradiography (B). Lanes: 1 and 12, 1-kb DNA ladder marker; 2 to 10, 10 ng, 5 ng, 1 ng, 100 pg, 10 pg, 1 pg, 100 fg, 10 fg, and 1 fg of

template DNA, respectively; 11, no DNA (control).

401-bp fragment from all A. fumigatus isolates but not from
any of the A. flavus, A. niger, and A. nidulans isolates. Some
other fragments were amplified from the DNA of the two
Penicillium spp. and several of the Aspergillus spp., includ-
ing multiple fragments for A. terreus, but the 401-bp frag-
ment was only amplified from the A. fumigatus DNA (Fig.
2A). This specificity was confirmed following Southern
hybridization (Fig. 2B).

Animal model of IA. A summary of the survival, culture,
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histology, and PCR results is given in Table 3. Multiple foci
of IA were present in the lung samples that were histology
positive. The correlation between the PCR and the culture
results was 93% (14 of 15) by UV visualization (Fig. 3A).
Following the PCR, the DNA from the healthy nonimmuno-
suppressed mouse control was negative, and the controls in
which A. fumigatus DNA was added or omitted were
positive and negative, respectively. DNA fragments other
than the 401-bp fragment were amplified from all mouse

12345 6 7 8910111213 1415 16 17 18 19
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FIG. 2. PCR of genomic DNA from representative species showing the specificity of the primers. Ethidium bromide-stained agarose gel
(A) and corresponding Southern hybridization with 181-bp internal fragment and 1 h of autoradiography (B). Lanes: 1, human DNA; 2,
Escherichia coli; 3, Pseudomonas aeruginosa; 4, Mycobacterium tuberculosis; 5, human cytomegalovirus; 6, P. carinii; 7, R. oryzae; 8, F.
oxysporum; 9, C. albicans; 10, Cryptococcus neoformans; 11, Penicillium aurantiogriseum; 12, Penicillium chrysogenum; 13, A. clavatus;
14, A. flavus 233; 15, A. fumigatus 237; 16, A. nidulans 2180; 17, A. niger 205; 18, A. terreus; 19, 1-kb DNA ladder marker.
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