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The incidence of life-threatening systemic fungal infections has been increasing in recent years, and 
the increasing incidence has been correlated with increasing numbers of immunocompromised 

patients. We developed a two-step PCR assay that specifically amplifies a region of the 18S rRNA gene 
that is highly conserved in Aspergillus fumigatus. This assay allows direct and rapid detection of down 
to 10 fg of Aspergillus fumigatus DNA corresponding to 1 to 5 colony forming unit (CFU) per ml of 
sputum sample of pulmonary tuberculosis patients. The two primer pairs that produced PCR products 
with the highest sensitivity and species specificity were the Aspergillus fumigatus primers AFU7S and 
AFU7AS, which amplified a fragment of 405 bp, followed by AFU5S and AFU5AS, which produced an 
internal fragment of 236 bp. PCR has been shown to be a highly sensitive diagnostic tool for the 
detection of infectious fungi specimens. Our point to the considerable potential clinical value of this 
simple, specific, rapid, and inexpensive PCR assay is for improving the means of early diagnosis of 
systemic aspergillosis tuberculosis patients. 
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INTRODUCTION 
 
The incidence of life-threatening systemic fungal infec-
tions has been increasing in recent years, and the 
increasing incidence has been correlated with increasing 
numbers of immunocompromised patients (Anaissie et 
al., 1989; Bodey et al., 1992; Beck-Sague, and Jarvis, 
1993; Groll et al., 1996; Denning et al., 1998; Kami et al., 
2000). Patients at the greatest risk are those with 

prolonged periods of pulmonary tuberculosis after inten-
sive immunosuppressive chemotherapy, for example, 
during treatment for acute leukemia or after bone marrow 
transplantation. Particularly on the increase are invasive 
infections with Aspergillus fumigatus, resulting in high 
mortality rates or, if the patient survives, causing high 
levels of morbidity that often limit further antileukemic 

therapies. Antifungal prophylaxis is controversial and is 
not generally practiced (Arning et al., 1994;  Cafferkey  et 
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al., 1994; Chandrasekar et al., 1995; Wald et al., 1997; 
Lin et al., 2001). Moreover, amphotericin B is toxic. In 
contrast to other infections, only limited conventional 
diagnostic tools with poor sensitivity and reliability are 
available for early detection of invasive aspergillosis 
(Walsh et al., 1991; Denning et al., 1994; Guiot et al., 
1994; Hughes et al., 2002.) with the systemic infection 
frequently being diagnosed late or confirmed only at 
autopsy (Bodey et al., 1992; Pfaffenbach et al., 1994; 
Chandrasekar et al., 1995; Groll et al., 1996). The PCR 
test commonly used in the initial period of infection during 
pulmonary tuberculosis are often insufficient not only for 
accurate early diagnosis but also for monitoring of the 
subsequent course of invasive aspergillosis (Anaissie et 
al., 1989; Blum et al., 1994; Guiot et al., 1994; Logan et 
al., 1994; Obayashi et al., 1994; Hearn et al., 1995; 
Stynen et al., 1995; Verweij et al., 1995; Walsh et al., 
1995a, b; Kappe et al., 1996; Caillot et al., 1997; Swanink 
et al., 1997; Lewin et al., 1999; Loeffler et al., 2000a; 
Kearns et al., 2001; Palladino et al., 2001). In view of the 
low specificity and sensitivity rates of these methods, the   



 

 
 
 
 
diagnosis of an invasive aspergillosis can be proven con-
clusively only by positive histology or culture results (Bart-
Delabesse et al., 2001). However, establishing cultures 
from blood and bronchoalveolar lavage (BAL) samples is 
often unsuccessful due to the low yields of CFU, and in 
the case of immunocompromised high-risk patients who 
are febrile, pulmonary tuberculosis, neutropenic, throm-
bocytopenic, and often seriously ill, tissue biopsy speci-
mens, in general, are not available.  

Many authors have reported detection of Aspergillus 
nucleic acids by PCR for improved diagnosis of invasive 
aspergillosis. Target sequences, either panfungal riboso-
mal DNA (rDNA) (Einsele et al., 1997; Hebart et al., 
2000; Hendolin et al., 2000; Lass-Florl et al., 2001; 
Loeffler et al., 2000; Loeffler et al., 1998) or Aspergillus-
specific mitochondrial 

DNA (mtDNA) (Bretagne et al., 1998; Costa et al., 
2002; Jones et al., 1998) or rDNA sequences (Buchheidt 
et al., 2002; Buchheidt et al., 2001; Kami et al., 2001; 
Skladny et al., 1999) have been amplified from BAL fluids 
(Skladny et al., 1999; Buchheidt et al., 2002) serum 
(Bretagne et al., 2002; Costa et al.,2002), or whole blood 
(Buchheidt et al.,2002; Hebart et al., 2000; Einsele et al., 
1997; Lass-Florl et al., 2001).  The diagnosis of mycotic 
infections in pulmonary tuberculosis patients by molecu-
lar methods such as Southern blot analysis has been 
performed successfully with lung. More sensitive and 
rapid detection assays have been established by use of 
the PCR method, particularly following the identification 
and sequencing of multicopy gene templates in a range of 
fungi and other organisms. PCR assays for the detection 

of fungal nucleic acids may be the optimal diagnostic 
approach because they are potentially more sensitive 
than current culture-based methods and may be designed 
to encompass the desired range of genera and specimen 
types. Previous studies evaluating PCR-mediated detec-
tion of Aspergillus species showed significantly improved 

sensitivity but involved assays with different methods and 
objectives, partly to optimize culture assays (Burg et al., 
1989; Makimura et al., 1994; Hayden et al., 2001.) and 
partly for typing in epidemiological studies (Aufavre et al., 
1992; Girardin et al., 1994; Birch et al., 1995; Groll et al., 
1996). Therefore, the results of different groups are not 
consistent or comparable. By using PCR primers specific 
for the multicopy 18S rRNA gene, very small amounts 
(down to 1 pg) of genomic DNA from A. fumigatus have 
been detected, the sensitivity being increased to 100 fg 
by (Spreadbury et al., 1993). 

Melchers et al. (1994) first described a PCR assay for 
the detection of DNA from an Aspergillus sp. in immuno-
compromised patients with primers based on the coding 
sequence of the 18S rRNA gene which is highly 
conserved and which is amplified some hundredfold in the 
Aspergillus genome. PCR products were obtained from BAL 

samples of immunocompromised while no amp- licons were 
obtained from immunocompetent individuals. However, 

Yamakami et al. (1996) first described the use of a two-step 

PCR to detect Aspergillus spp. in blood with  increased  spe- 
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specificity and sensitivity, but that study was performed 
with only a small number of patients. Einsele et al. (1997) 
described a PCR assay with subsequent Southern blot 
analysis, which allowed the detection of fungal pathogens 
(including Aspergillus spp.) in blood samples.  

In order to achieve an improved, specific, and rapid 
means of detection of Aspergillus fumigatus in clinical 
specimens, we developed a two-step PCR assay for 
sputum samples. Two optimal pairs of oligonucleotide 
primers derived from sequences of the 18S rRNA gene, 
which are specific for A. fumigatus. The assay was 
evaluated for its sensitivity and specificity in vitro and was 
used to analyze clinical samples of immunocompromised 
patients.  
 
 
MATERIALS AND METHOD 
 
Clinical samples and isolation 
 
A. fumigatus test strains were isolated from the sputum samples of 
pulmonary tuberculosis patients from the civil hospital of Washim, 
Washim District, Maharashtra state, India. Sputum samples (2 - 4 
ml) were obtained under sterile conditions. The samples were 
inoculated in appropriate sterile Czapek Dox Agar plates at 25°C for 
3 to 4 days. The cell density of the fungal suspensions (conidia) 
was determined microscopically by counting the cell number in a 
Neubauer cell chamber.  
 
 
DNA isolation  
 
DNA was isolated from larger scale (25 ml) cultures. Mycelium were 
separated by filtration and washed three times in cold buffer (20mM 
sodium citrate pH 5.8 in 1 M sorbitol), ground in liquid nitrogen and 
resuspended in lyses buffer (50 mM Tris-HCl (pH 8), 50 mM EDTA, 
3% sodium dodecyl sulfate, and 1% �- mercaptoethanol). The 
suspension was then incubated at 65ºC for 1 h. After the cell debris 
had been pelleted, the lysate was extracted once with phenol-
chloroform (1:1) and once with a chloroform-isoamyl alcohol (24:1). 
The DNA was precipitated by the addition of 0.2 volume of 3 M 
potassium acetate and 0.5 volume of isopropanol; after centrifu-
gation, the DNA pellets were washed with 70% ethanol and 
resupended in buffer (10 mMTris-HCl pH-8, 1mM EDTA).  

The purification of fungal DNA was performed by conventional 
extraction (Sambrook et al., 1989). The DNA was precipitated by 
the addition of 0.7 volume of isopropanol, pelleted, and washed 
once with 70% ethanol and air-dried. The DNA concentration was 
assessed by spectrophotometer at 260 and 280 nm.  
 
 
Oligonucleotide primers, primer sequences, and PCR assay  
 
The alignment of the three DNA sequences was performed with the 
program Gene works (Intelligentsias, Inc.) by using standard algori-
thms. Primers were designed to have sequences homologous to 
those of A. fumigatus but not to include the human 18S rRNA gene 
or the 16S rRNA genes of Candida spp. or other pathogenic micro-
organisms. Therefore, selection of the primer sequences was based 
on a close check for sequences with matching homologies in 
current DNA databases (GenBank, release June 1998) with a DNA 

alignment program (Blast). By using a nested, two-step PCR 
technique, 4 different primers (Table 1) were tested, and the 
optimum two pairs (primers AFU5S and AFU5AS and primers 
AFU7S and AFU7AS) were chosen for all subsequent PCR assays 
(Figure 1).  



 

018         Afr. J. Biotechnol. 
 
 
 

Table 1. Primer sequence and location. 
 

 
Primer 

 
DNA sequence (5'-3') 

 
Location 

Species 
specificity 

AFU5S AGG GCC AGC GAG TAC ATC ACC TTG 1436-1459 A. fumigatus 
AFU5AS GG G (AG)GT CGT TGC CAA C(CT)C (CT)CC TGA 1648-1771 A. fumigatus 
AFU7S CGG CCC TTA AAT AGC CCG 1296-1313 A. fumigatus 
AFU7AS GA CCG GGT TTG ACC AAC TTT 1681-1700 A. fumigatus 

 
 
 

 
 
Figure 1. Locations of primer pairs AFU5S-AFU5AS and AFU7S-
AFU7AS used in the two-step PCR to detect Aspergillus DNA. The 
primers are derived from the 18S rRNA gene of Aspergillus spp. 
The first PCR step (with AFU7S-AFU7AS) results in amplification of 
a 405-bp fragment, and the second step with AFU5S-AFU5AS) 
amplifies an internal fragment of 236 bp. 
 
 
 
Reaction and conditions of (PCR)   
 
Per 25 µl PCR mixtures, approximately 50 to 150 ng of total DNA 
was used as the template. The standard PCR mixture contained 

0.5 U of Taq DNA polymerase, 6.25 nmol of the deoxynucleoside 

triphosphates, 10 pmol of primer (first step, primer AFU7S-
AFU7AS; second step, primer AFU5S-AFU5AS). In preliminary 
studies the optimum reaction conditions were established by testing 
different DNA, primer, enzyme, and deoxynucleoside triphosphate 
concentrations as well as a range of cycling conditions. PCR was 
performed in a thermal cycler (Perkin-Elmer Cetus), as follows: for 
the first PCR, 2 min at 94°C and then 35 cycles of 40 s at 94°C, 
1 min at 60°C, and 1 min at 72°C with a terminal step of 5 min at 
72°C and then the mixture was held at 4°C; for the second PCR, 
2 min at 94°C and then 45 cycles of 40 s at 94°C, 1 min at 60°C, 
and 1 min at 72°C, with a terminal step of 5 min at 72°C, and then 

the mixture was held at 4°C. For the second PCR, 10 µl of the first-
round PCR product was used. The PCR products were separated 
by 2% agarose gel electrophoresis, stained with ethidium bromide, 
and visualized with Gel-doc instrument. Control samples included 
all the constituents in the reaction mixture except genomic DNA. As 
negative PCR controls, DNA samples of Phoma, were used as 

templates.  
 
 
RESULT AND DISCUSSION 
 
The alignment of the 18S rRNA genes of A. fumigatus, 
humans, and Candida sp. revealed several regions of 
significant divergence, which were the basis for selection 
of the primers. In order to establish a PCR assay specific 
for several Aspergillus species of clinical importance the 

18S rRNA gene (rDNA) sequence of A. fumigatus 
(GenBank accession no. AB008401) was aligned with the 
human 18S rDNA sequence (GenBank accession no. 
M10098) and the 16S rDNA sequence of C. albicans 
(GenBank accession no. X53497), another ubiquitous 
microorganism of major clinical importance. Four different 
primers, comprising 7 sequences upstream and 
8 sequences downstream from various divergent regions 

of the Aspergillus species gene, which showed the least 
homology with the human, or Candida genes, were 
selected for the evaluation and the optimization of the 
PCR assay.  

The two primer pairs that produced PCR products with 
the highest sensitivity and species specificity were the A. 
fumigatus primers AFU7S and AFU7AS, which amplified 
a fragment of 405 bp, followed by AFU5S and AFU5AS, 
which produced an internal fragment of 236 bp (Figures 2 
and 3). PCR products could be obtained only from DNA 
of cultures of A. fumigatus, whereas the PCRs with the 
other Phoma test strains were negative. By monitoring 
the clinical course of this pulmonary tuberculosis patient, 
in whom a small lung infiltration was detected by chest X 
ray, we could neither prove nor exclude invasive 
aspergillosis. PCR has been shown to be a highly 
sensitive diagnostic tool for the detection of infectious 
fungi in diverse specimens. 

Spradbury et al. (1993) initiated pioneer work in this 
direction after multicopy gene targets, such as the 28S 
rRNA gene, had been identified and sequenced. The first 
PCR assay for the detection of Aspergillus DNA in 
immunocompromised patients described (Melchers et al., 
1994) used primers derived from the multicopy 18S rRNA 
gene, a gene of numerous microorganisms that has now 
been sequenced. More recent reports described PCR 
techniques with primers designed to target conserved 

18S rRNA sequences common to a variety of fungal 
pathogens (Einsele et al. 1997; van Burik et al., 1998). 
However, additional Southern blot analyses with longer 

probes were also necessary to achieve the detection 
sensitivity for the identification of the specific fungal 
species or genera present. Nested PCR assays improved 
the detection sensitivity. In the first description of such a 
two-step PCR for the detection of A. fumigatus in serum 
samples of patients, Yamakami et al. (1996) reported that 
a PCR with two sets of 18S rRNA primers had consi-
derably improved sensitivity compared to that of a PCR 
assay with a single set of primers.  This  could  be  further 



 

 
 
 
 

   1    2    3     4     5    6     7    8    9 10 

 
 
Figure 2. Determination of the sensitivity of the two-step PCR 
assay with purified A. fumigatus DNA (50 ng). The Aspergillus 
template DNA was clearly detectable by ethidium bromide 
staining of an agarose gel. Only DNA extracted from 
A. fumigatus (lane 5) was used in a single PCR amplification 
of the 236-bp fragment with the second primer pair. Negative 
reagent control amplification without addition of DNA (lane 1 
and 2) as well as purified DNA from Phoma, DNA resulted in 
no bands (lane 3, 4). The Lambda DNA EcoR1/Hind III was 
used as molecular size marker (lane 9). Diluted sample of 
DNA in (lane 6, 7 and 8) in second step PCR product. 

 
 
 
improved by subsequent Southern blot hybridization. 
These data also highlighted for the first time the use of 
PCR for the detection of Aspergillus DNA in blood 
samples, which can be obtained by a less noninvasive 

procedure that is associated with fewer risks than the 
procedure used to collect BAL specimens, which cannot 
be performed repeatedly with immunocompromised 

patients. 
We also used a two-step PCR procedure with carefully 

selected primers to increase the sensitivity and specificity 
for A. fumigatus detection. The multicopy 18S rRNA gene 
is highly conserved in all species but includes variable 
regions that are conserved among most Aspergillus 
species. On the basis of comparisons with sequences in 
a data bank, we chose oligonucleotides from the variable 
regions that specifically matched only the 18S rRNA gene 
of A. fumigatus to avoid problems arising from co 
amplification of human or bacterial DNA or contamination 
with other fungus-derived DNA. Two pairs of nested 
primers were chosen for use in all subsequent assays. 
PCR products were obtained only from DNA from A. 
fumigatus.  
 
 
Conclusion 
 

A specific two-step PCR assay for the rapid detection of 
the full range of human pathogenic Aspergillus species in 
sputum  samples  was  established,  facilitating  improved  
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Figure 3. Determination of the sensitivity of the two-step PCR 
assay with purified A. fumigatus DNA (50 ng). The single 
derived from 10 fg of Aspergillus templet DNA was clearly 
detectable by ethidium bromide staining of agarose gel. As a 
positive control, only DNA extracted from A. fumigatus (10pg) 
was used in a single PCR amplification of 236-bp fragment with 
the second primer pair (lane +) Anegative control amplification 
without addition of DNA lane (-) as well as purified DNA from a 
human cell line (T47D) resulted in no bands. The 123-bp ladder 
(Gibco BRL ) was used as molecular size marker (lane M ). 
 
 
 
early diagnosis and better monitoring of systemic A. 
fumigatus infection in pulmonary tuberculosis patients 
during therapy in high-risk patients. 
 
 
REFERENCES 
  
Anaissie EJ, Bodey GP, Rinaldi MG (1989). Emerging fungal 

pathogens. Eur. J. Clin. Microbiol. Infect. Dis. 8: 323-330. 
Arning M, Aul C (1994). Prophylaxis against mycosis in neutropenic 

patients. Mycoses 37(2): 70-76. 
Aufavre-Brown A, Cohen J, Holden DW (1992). Use of randomly 

amplified polymorphic DNA markers to distinguish isolates of 
Aspergillus fumigatus. J. Clin. Microbiol. 30: 2991-2993. 

Bart-Delabesse E, Sarfati J, Debeaupuis JP, van Leeuwen W, van 
Belkum A, Bretagne S, Latge JP (2001). Comparison of restriction 
fragment length polymorphism, microsatellite length polymorphism, 
and random amplification of polymorphic DNA analyses for 
fingerprinting Aspergillus fumigatus isolates. J. Clin. Microbiol. 39: 
2683-2686. 

Beck-Sague C, Jarvis WR (1993). Secular trends in the epidemiology of 
nosocomial fungal infections in the United States, 1980–1990. 
National Nosocomial Infections Surveillance System. J. Infect. Dis. 
167: 1247-1251. 

Birch M, Nolard N, Shankland GS, Denning DW (1995). DNA typing of 
epidemiologically related isolates of Aspergillus fumigatus. Epidemiol. 
Infect. 114: 161-168. 

Blum U, Windfuhr M, Buitrago-Tellez C, Sigmund G, Herbst EW, Langer 
M (1994). Invasive pulmonary aspergillosis. MRI, CT and plain 
radiographic findings and their contribution for early diagnosis. Chest. 
106: 1156-1161. 

Bodey GP, Bueltmann B, Duguid W, Gibbs D, Hanak H, Hotchi M, Mall 
G, Martino P, Meunier F, Milliken S, Naoe S, Okudaira M, Scevola D, 
van't Wout J (1992). Fungal infections in cancer patients: an 
international autopsy survey. Eur. J. Clin. Microbiol. Infect. Dis. 11: 
99-109. 

Bretagne S, Costa JM, Marmorat-Khuong A, Poron F, Cordonnier C, 
Vidaud M, Fleury-Feith J (2002). Detection of Aspergillus species  



 

020         Afr. J. Biotechnol. 
 
 
 

DNA in bronchoalveolar lavage samples by competitive PCR. J. Clin. 
Microbiol. 33: 1164-1168. 

Bretagne S, Costa JM, Bart-Delabesse E, Dhedin N, Rieux C, 
Cordonnier C (1998). Comparison of serum galactomannan antigen 
detection and competitive polymerase chain reaction for diagnosing 
invasive aspergillosis. Clin. Infect. Dis. 26: 1407-1412. 

Buchheidt D, Baust C, Skladny H, Ritter J, Suedhoff T, Baldus M, 
Seifarth W, Leib-Moesch C, Hehlmann R (2001). Detection of 
Aspergillus species in blood and bronchoalveolar lavage samples 
from immunocompromised patients by means of 2-step polymerase 
chain reaction: clinical results. Clin. Infect. Dis. 33: 428-435. 

Buchheidt D, Baust C, Skladny H, Baldus M, Brauninger S, Hehlmann R 
(2002). Clinical evaluation of a polymerase chain reaction assay to 
detect Aspergillus species in bronchoalveolar lavage samples of 
neutropenic patients. Br. J. Hematol. 116: 803-811. 

Burg JL, Grover M, Pouletty P, Boothroyd JC (1989). Direct and 
sensitive detection of a pathogenic protozoon, Toxoplasma gondii, by 
polymerase chain reaction. J. Clin. Microbiol. 27: 1787-1792. 

Cafferkey MT (1994). Chemoprophylaxis of invasive pulmonary 
aspergillosis. J. Antimicrob. Chemother. 33: 917-924. 

Caillot D, Casasnovas O, Bernard A, Couaillier JF, Durand C, Cuisenier 
B, Solary E, Piard F, Petrella T, Bonnin A, Couillault G, Dumas M, 
Guy H (1997). Improved management of invasive pulmonary 
aspergillosis in neutropenic patients using early thoracic computed 
tomography scan and surgery. J. Clin. Oncol. 15: 139-147. 

Chandrasekar PH, Weinmann A, Shearer C (1995). Autopsy-identified 
infections among bone marrow transplant recipients: a clinico-
pathologic study of 56 patients. Bone Marrow Transplant. 16: 675-
681.  

Costa C, Costa JM, Desterke C, Botterel F, Cordonnier C, Bretagne S 
(2002). Real-time PCR coupled with automated DNA extraction and 
detection of galactomannan antigen in serum by enzyme-linked 
immunosorbent assay for diagnosis of invasive aspergillosis. J. Clin. 
Microbiol. 40: 2224-2227. 

Denning DW (1994). Treatment of invasive aspergillosis. J. Infect. 28: 
25-33. 

Denning DW (1998). Invasive aspergillosis. Clin. Infect. Dis. 26: 781–
803. 

Einsele H, Hebart H, Roller G, Loffler J, Rothenhofer I, Muller CA, 
Bowden RA, van Burik J, Engelhard D, Kanz L, Schumacher U 
(1997). Detection and identification of fungal pathogens in blood by 
using molecular probes. J. Clin. Microbiol. 35: 1353-1360. 

Einsele H, Steidle H, Vallbracht A, Saal G, Ehninger G, Müller CA 
(1991). Early occurrence of human cytomegalovirus infection after 
bone marrow transplantation as demonstrated by the polymerase 
chain reaction technique. Blood 77: 1104-1110. 

Girardin H, Sarfati J, Traore F, Dupouy-Camet J,  Derouin F, Latge JP 
(1994). Molecular epidemiology of nosocomial invasive aspergillosis. 
J. Clin. Microbiol. 32: 684-690. 

Groll AH, Shah PM, Mentzel C, Schneider M, Just-Nuebling G, Huebner 
K (1996). Trends in the postmortem epidemiology of invasive fungal 
infections at a university hospital. J. Infect. 33: 23-32. 

Guiot HFL, Fibbe WE, van't Wout JWWE (1994). Risk factors for fungal 
infection in patients with malignant hematologic disorders: 
implications for empirical therapy and prophylaxis. Clin. Infect. Dis. 
18: 525-532. 

Hayden RT, Uhl JR, Qian X, Hopkins MK, Aubry MC, Limper AH, Lloyd 
RV, Cockerill FR (2001). Direct detection of Legionella species from 
bronchoalveolar lavage and open lung biopsy specimens: 
comparison of Aspergillus and Penicillium species from respiratory 
specimens by polymerase of Aspergillus infections in a large cohort 
of patients undergoing bone marrow transplantation. J. Infect. Dis. 
175: 1459-1466. 

Hearn VM, Pinel C, Blachier S, Ambroise-Thomas P, Grillot R (1995). 
Specific antibody detection in invasive aspergillosis by analytical 
isoelectrofocusing and immunoblotting methods. J. Clin. Microbiol. 
33: 982-986. 

Hebart H, Loffler J, Reitze H, Engel A, Schumacher U, Klingebiel T, 
Bader P, Bohme A, Martin H, Bunjes D, Kern WV, Kanz L, Einsele H 
(2000). Prospective screening by a panfungal polymerase chain 
reaction assay in patients at risk for fungal infections: implications for 
the management of febrile neutropenia. Br. J. Haematol. 111:  635- 

 
 
 
 

640. 
Hendolin PH, Paulin L, Koukila-Kahkola P, Anttila VJ, Malmberg H, 

Richardson M, Ylikoski J (2000). Panfungal PCR and multiplex liquid 
hybridization for detection of fungi in tissue specimens. J. Clin. 
Microbiol. 38: 4186-4192. 

Hughes WT, Armstrong D, Bodey GP, Bow EJ, Brown AE, Calandra T, 
Feld R, Pizzo PA, Rolston KV, Shenep JL, Young LS (2002). 
guidelines for the use of antimicrobial agents in neutropenic patients 
with cancer. Clin. Infect. Dis. 34: 730-751. 

Jones ME, Fox AJ, Barnes AJ, Oppenheim BA, Balagopal P, 
Morgenstern GR, Scarffe JH (1998). PCR-ELISA for the early 
diagnosis of invasive pulmonary aspergillus infection in neutropenic 
patients. J. Clin. Pathol. 51: 652-656. 

Kami M, Fukui T, Ogawa S, Kazuyama Y, Machida U, Tanaka Y, Kanda 
Y, Kashima T, Yamazaki Y, Hamaki T, Mori S, Akiyama H, Stevens 
DA, Kan VL, Judson MA, Morrison VA, Dummer S, Denning D W, 
Bennett JE, Walsh TJ, Patterson TF, Pankey GA (2000). Practice 
guidelines for diseases caused by Aspergillus. Infect. Dis. Soc. Am. 
Clin. Infect. Dis. 30: 696-709. 

Kami M, Fukui T, Ogawa S, Kazuyama Y, Machida U, Tanaka Y, Kanda 
Y, Kashima T, Yamazaki Y, Hamaki T, Mori S, Akiyama H, Mutou Y, 
Sakamaki H, Osumi K, Kimura S, Hirai H (2001). Use of real-time 
PCR on blood samples for diagnosis of invasive aspergillosis. Clin. 
Infect. Dis. 33: 1504-1512. 

Kappe R, Schulze-Berge A, Sonntag HG (1996). Evaluation of eight 
antibody tests and one antigen test for the diagnosis of invasive 
aspergillosis. Mycoses. 39: 13-23. 

Kearns AM, Guiver M, James V, King J (2001). Development and 
evaluation of a real-time quantitative PCR for the detection of human 
cytomegalovirus. J. Virol. Methods 95: 121-131. 

Lass-Florl C, Aigner J, Gunsilius E, Petzer A, Nachbaur D, Gastl G, 
Einsele H, Loffler J, Dierich MP, Wurzner R (2001). Screening for 
Aspergillus spp. using polymerase chain reaction of whole blood 
samples from patients with hematological malignancies. Br. J. 
Hematol. 113: 180-184. 

Lewin SR, Vesanen M, Kostrikis L, Hurley A, Duran M, Zhang L, Ho DD, 
Markowitz M (1999). Use of real-time PCR and molecular beacons to 
detect virus replication in human immunodeficiency virus type 1-
infected individuals on prolonged effective antiretroviral therapy. J. 
Virol. 73: 6099-6103. 

Lin S, Schranz J, Teutsch S (2001). Aspergillosis case-fatality rate: 
systematic review of the literature. Clin. Infect. Dis. 32: 358-366.  

Loeffler J, Hebart H, Brauchle U, Schumacher U, Einsele H (2000a). 
Comparison between plasma and whole blood specimens for 
detection of Aspergillus DNA by PCR. J. Clin. Microbiol. 38: 3830-
3833. 

Loeffler J, Henke N, Hebart H, Schmidt D, Hagmeyer L, Schumacher U, 
Einsele H (2000). Quantification of fungal DNA by using fluorescence 
resonance energy transfer and the Light Cycler system. J. Clin. 
Microbiol. 38: 586-590. 

Loeffler J, Hebart H, Sepe S, Schumcher U, Klingebiel T, Einsele H 
(1998). Detection of PCR-amplified fungal DNA by using a PCR-
ELISA system. Med. Mycol. 36: 275-279. 

Logan PM, Primack SL, Miller RR, Muller NL (1994). Invasive 
aspergillosis of the airways: radiographic, CT and pathologic findings. 
Radiology. 193: 383-388. 

Makimura K, Murayama SY, Yamaguchi H (1994). Detection of a wide 
range of medically important fungi by the polymerase chain reaction. 
J. Med. Microbiol. 40: 358-364. 

Melchers WJ, Verweij PE, van den Hurk P, van Belkum A, De Pauw BE, 
Hoogkamp-Korstanje JA, Meis JF (1994). General primer-mediated 
PCR for detection of Aspergillus species. J. Clin. Microbiol. 32: 1710-
1717. 

Obayashi T, Yoshida M, Mori T,  Goto H,  Yasuoka, Iwasaki A, 
HTeshima H, Kohno S,  Horiuchi A, Ito A (1994). Plasma (1-3)-beta-
D-glucan measurement in diagnosis of invasive deep mycosis and 
fungal febrile episodes. Lancet 345: 17-20. 

Palladino S, Kay I, Fonte R, Flexman J (2001). Use of real-time PCR 
and the LightCycler system for the rapid detection of Pneumocystis 
carinii in respiratory specimens. Diagn. Microbiol. Infect. Dis. 39: 233-
236. 

Pfaffenbach B, Donhuijsen K, Pahnke J, Bug  R,  Adamek  R,  Wegener  



 

 
 
 
 

JM, Ricken D (1994). Systemische Pilzinfektionen bei hämatologis-
chen Neoplasien. Eine Autopsiestudie and 1053 Patienten. Med. Klin 
89: 299-304. 

Skladny H, Buchheidt D, Baust C, Krieg-Schneider F, Seifarth W, Leib-
Mosch C, Hehlmann R (1999). Specific detection of Aspergillus 
species in blood and bronchoalveolar lavage samples of immuno-
compromised patients by two-step PCR. J. Clin. Microbiol. 37: 3865-
3871. 

Spreadbury C, Holden D, Aufavre-Brown A, Bainbridge B, Cohen J 
(1993). Detection of Aspergillus fumigatus by polymerase chain 
reaction. J. Clin. Microbiol. 31: 615-621. 

Stynen D, Goris A, Sarfati J, Latge JP (1995). A new sensitive sandwich 
enzyme-linked immunosorbent assay to detect galactofuran in 
patients with invasive aspergillosis. J. Clin. Microbiol. 33: 497-500. 

Swanink CMA, Meis JFGM, Rijs AJMM, Donnelly JP, Verweij PE 
(1997). Specificity of a sandwich enzyme linked immunosorbent 
assay for detecting Aspergillus galactomannan. J. Clin. Microbiol. 35: 
257-260. 

van Burik JA, Myerson D, Schreckhise RW, Bowden RA (1998). 
Panfungal PCR assay for detection of fungal infection in human blood 
specimens. J. Clin. Microbiol. 36: 1169-1175. 

Verweij PE, Rijs AJ, De Pauw BE, Horrevorts AM, Hoogkamp-Korstanje 
JA, Meis JF (1995). Clinical evaluation and reproducibility of the 
Pastorex Aspergillus antigen latex test for diagnosing invasive 
aspergillosis. J. Clin. Pathol. 48:474-476. 

Wald A, Leisenring W, Van Burik JA, Bowden RA (1997). Successful 
Nonmyeloablative Allogeneic Hematopoietic Stem Cell Transplant in 
an Acute Leukemia Patient With Chemotherapy-Induced Marrow 
Aplasia and Progressive Pulmonary Aspergillosis Blood, 
Epidemiology 94: 3273-3276. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Bansod et al.       021 
 
 
 
Walsh TJ, Francesconi A, Kasai M, Chanock SJ (1995a). PCR and 

single-strand conformational polymorphism for recognition of 
medically important opportunistic fungi. J. Clin. Microbiol. 33: 3216-
3220. 

Walsh TJ, Garrett K, Feuerstein E, Girton M, Allende M, Bacher J, 
Francesconi A, Schaufele R, Pizzo PA (1995b). Therapeutic 
monitoring of experimental invasive pulmonary aspergillosis by 
ultrafast computerized tomography: a novel, noninvasive method for 
measuring responses to antifungal therapy. Antimicrob. Agents 
Chemother. 39: 1065-1069. 

Walsh TJ, Lee J, Lecciones J, Rubin M, Butler K, Francis P, Weinberger 
M, Roilides E, Marshall D,  Gress J, Pizzo PA (1991). Empiric therapy 
with amphotericin B in febrile granulocytopenic patients. Rev. Infect. 
Dis. 13: 496-503. 

Yamakami Y, Hashimoto A, Tokimatsu I. Nasu M (1996). PCR detection 
of DNA specific for Aspergillus species in serum of patients with 
invasive aspergillosis. J. Clin. Microbiol. 34: 2464-2468. 

 
 
 
 


