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Aspergillus terreus isolates collected from patients at The M. D. Anderson Cancer Center in Houston, TX, and
at The University Hospital of Innsbruck, Austria, were analyzed using random amplification of polymorphic
DNA-PCR with three different primers. No strain similarity in either institution was detected, indicating great
genetic diversity of A. terreus.

Invasive aspergillosis (IA) has emerged as a leading cause of
morbidity and mortality in immunocompromised patients (5).
Aspergillus fumigatus is frequently isolated from IA, followed
by Aspergillus flavus, Aspergillus niger, and Aspergillus terreus (6,
9). A. terreus in particular is an amphotericin B-resistant fungus
that has been recognized as a cause of lethal infections (11, 19).
Although A. terreus accounts for a minority of cases of IA,
ranging in incidence from 1% (14) to 6% to 12% (7, 8), it is a
rather common cause of IA in some geographically disparate
institutions, such as The University of Texas M. D. Anderson
Cancer Center (MDACC) in Houston, TX (6), and The Uni-
versity Hospital of Innsbruck (UHI), Austria (9).

Whether this increased incidence of IA caused by A. terreus
in these two institutions has resulted from spread of a clonal
population or reflects unique ecological factors is unknown. To
answer this question, we analyzed all consecutive A. terreus
isolates collected from patients with IA at MDACC (n � 33;
1998 to 2005) and UHI (n � 26; 1999 to 2005) over the past
years using molecular genotyping.

All 59 isolates were obtained from 57 patients with hema-
tological malignancies and IA (European Organization for
Research and Treatment of Cancer /Mycoses Study Group
criteria) (1). Morphological identification of A. terreus was
performed using standard methods (15). Isolates were stored
either in water at room temperature or in 20% glycerol solu-
tion at �80°C and subcultured on Sabouraud agar at 30°C.
Chromosomal DNA was extracted using the QIAamp tissue kit
(QIAGEN, Hilden, Germany) according to the manufacturer’s
recommendations. The clonality of the isolates was determined
using random amplification of polymorphic DNA (RAPD)-
PCR with primers R108 (5�-GTATTGCCCT-3�), CII (5�-GC
GCACGG-3�), and P4 (5�-GATAGATAGATAGAT-3�) (10).
A 5-�l template containing 50 ng of chromosomal DNA, 2.5 �l
of each primer (20 pmol), and 17.5 �l of water was mixed with
Ready-To-Go RAPD analysis beads (Amersham Pharmacia
Biotech, Freiburg, Germany)-containing PCR buffer (30 mM

KCl, 10 mM Tris-HCl, pH 8.3, 2.5 �g of bovine serum albumin,
3 mM MgCl2, 0.4 mM [each] deoxynucleoside triphosphates)
and 1 U of AmpliTaq DNA polymerase (Roth, Graz, Austria)
for amplification. Thermocycling was performed using a PCR
cycler (UNO II; Biometra, Göttingen, Germany), and ampli-
fication products were analyzed using gel electrophoresis on a
horizontal 1.8% agarose gel in 0.5 M Tris-borate-EDTA run-
ning buffer for 6 h at 80 V at room temperature. DNA band
patterns were analyzed using the GelCompar II software pro-
gram (Applied Maths, Sint-Martens-Latem, Belgium). Highly
related strains were defined as those having at least 90% ho-
mology based on banding patterns (3). Each RAPD reaction,
for each of the three primers used in this study, was performed
at least twice to assess the stability and reproducibility of the
profiles before an arbitrary type was assigned. In the MDACC
A. terreus strain collection, we identified 18, 7, and 28 distinct
strains using primers R108, CII, and P4, respectively; in the
UHI strain collection, we identified 12, 16, and 19 strains using
R108, CII, and P4, respectively (Fig. 1, Fig. 2, and Fig. 3). By
combining the results of our analysis using these three primers,
we identified 33 (types I to XXXIII) and 26 (types 1 to 26)
distinct profiles in the MDACC and UHI collections. We
found no strain similarity in the two collections, indicating
great genomic diversity of A. terreus. Some (4) but not all (17)
studies examining the genetic diversity of A. fumigatus strains
have had similar findings. Thus far, we have not identified
homology within the MDACC and UHI A. terreus isolates,
indicating that patients were infected with unique strains, mak-
ing nosocomial transmission of IA highly unlikely. In two pa-
tients, IA was caused by two A. terreus strains having different
genotypes, a phenomenon also described in patients infected
with A. fumigatus (13).

RAPD-PCR typing of A. terreus has proven useful in many
epidemiological investigations (2, 16). Varga et al. (18) applied
RAPD-PCR and showed a high degree of variability among A.
terreus isolates, even among those indistinguishable based on
their internal transcribed spacer sequences. From 1993 to
1995, A. terreus infections accounted for 30% of cases of IA in
UHI and were associated with hospital plants (10). RAPD-
PCR identified the A. terreus isolates from four patients to be
identical to those found in the environment. Yet, these epi-
demic strains were no longer observed, as the source of infec-
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FIG. 1. RAPD-PCR analysis of 56 A. terreus isolates using primer R108. Samples were collected from patients in Houston, TX, and Innsbruck,
Austria.
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FIG. 2. RAPD-PCR analysis of 56 A. terreus isolates using primer CII. Samples were collected from patients in Houston, TX, and Innsbruck,
Austria.
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FIG. 3. RAPD-PCR analysis of 56 A. terreus isolates using primer P4. Samples were collected from patients in Houston, TX, and Innsbruck,
Austria.
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tion had been removed. The clonal isolates from that outbreak
showed no homology with the latter native strains (data not
shown) from the present survey. Although the incidence of IA
decreased after a laminar airflow unit was built, A. terreus
infections still occurred, albeit at a lower frequency.

The fact that infections caused by A. terreus have been prev-
alent at MDACC and UHI for more than 10 years and that we
were not able to detect a clonal population in either center in
the present study supports the notion that most cases of IA
caused by A. terreus, at least in our respective geographical
regions, are caused by native strains. Our findings cannot ex-
clude the possibility of the existence of A. terreus clades within
both geographic regions or even the possibility of some ele-
ments of geographic isolation. Only examination of a larger set
of isolates could answer these questions.

The reason for the high incidence of A. terreus infections in
specific geographic pockets remains enigmatic. Many factors,
such as unique environmental exposure, specific host-related
characteristics, the net state of immunosuppression of the af-
fected patients, and extensive use of systemic antifungal agents
for prophylaxis and empirical therapy (12) may partially ac-
count for this trend. Further studies are needed to determine
which environmental niches are associated with exposure to A.
terreus. Routine surface monitoring and air sampling for A.
terreus may be useful in identifying potential exposure to and
sources of this species. A limitation of the present study was
that environmental isolates were not typed.

In conclusion, our molecular typing results with a sizable
collection of A. terreus from geographically distant centers—a
specialty oncology center in the southern United States and a
tertiary care general hospital in Central Europe—show that A.
terreus displayed tremendous genetic diversity and that noso-
comial acquisition of an A. terreus clonal strain was highly
unlikely.

(This work was presented in part at the 46th Interscience
Conference on Antimicrobial Agents and Chemotherapy, San
Francisco, CA, 2006.)
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