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Introduction

Aspergillus fungi are widely distributed all over the world 
in soil and decayed materials (1). At the same time, these As-
pergillus species are the most common agents of invasive in-
fections caused by mould in the world (2). They are in second 
place after Candida spp. when considering all invasive fungal 
infections (3).

Invasive aspergillosis is usually seen in an immunocompro-
mised host and is an illness related to haematological malig-
nancy, bone marrow/solid organ transplantation, or cortico-
steroid therapy (4, 5). Today, as the mentioned risk factors 
increase, the incidence of this disease increases at the same 
rate (5). The most common cause of invasive aspergillosis is 
Aspergillus fumigatus (6, 7). Other causative agents are As-
pergillus terreus, Aspergillus niger, Aspergillus flavus, and 
other species belonging to section Fumigati (5). Recently, A. 
lentulus has also been reported as a cause of invasive asper-
gillosis (6, 8, 9).

A. lentulus was described by Balajee et al. (9) as a new 
species in 2005. Firstly, a variant of the weak sporulated A. fu-
migatus was isolated from patients with haematopoietic stem 
cell transplantation as the agent of invasive infection. These 
strains were found to be different from other species accord-
ing to characteristics of the phylogenetic origins as well as 
their different antifungal sensitivities, and they were named 
as A. lentulus (9). In this paper, the characteristics of the first 
isolate of A. lentulus in Turkey are presented.

Case Report

The case was a 36-year-old male with chronic renal fail-
ure who had been having continuous ambulatory peritoneal 
dialysis for 8 years. Cadaveric renal tissue was transplanted 
to the patient approximately 4 months ago. Anti-thymocyte 
globulin and corticosteroid were initially administered to the 
patient for immunosuppressive treatment after transplanta-
tion. Later, the patient’s therapy was continued with tacro-
limus, mycophenolate mofetil, and low-dose corticosteroid. 
The case was admitted by the Trakya University Hospital in 
treatment of a cough complaint. He had auscultation sign and 
radiological infiltration in the right lung. In laboratory investi-
gation, his leucocyte count was 6000/+L in haemogram, ESR 
was 74 mm/hour, and CRP was 8.44 mg/dL. Leukocytes, blas-
tospores, and hyphae were seen in both Gram- and Giemsa-
stained smears of his sputum. A. lentulus was isolated from his 
sputum as a causative agent of pneumonia that developed 4 
months after the renal transplantation. It was again isolated 
in the second sputum and bronchoalveolar lavage samples. 
Invasive pulmonary aspergillosis was diagnosed according to 
clinical, radiological, and microbiological findings in this im-
munosuppressed host.

The strain was identified by using the Maren A. Klich al-
gorithm and molecular methods. It was incubated for 7 days 
after inoculation of Czapek Agar (25˚C), 20% sucrose Czapek 
Yeast Agar (25˚C), malt extract agar (25˚C), and Czapek Yeast 
Agar (25-37˚C). The diameter of Aspergillus colonies were 32 
mm, 35 mm, 36 mm, and 41-47 mm, respectively (Figure 1). 
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The appearance of the colony was downy to powdery in tex-
ture and greenish to white in colour. The reverse colour was 
cream. Branched conidiophore structures were observed in 
direct microscopic analysis of the strain prepared with Sabo-
raud Dextrose Agar. Biseriate phialides arising from the round 
vesicles were also observed (Figure 2). The identification of 
the A. lentulus strain was confirmed with molecular methods 
by the reference laboratory of the CBS Fungal Biodiversity 
Centre (The Netherlands). Its susceptibility was tested by the 
broth dilution method (10). In the susceptibility tests of the 
strain, minimal inhibitory concentrations (MICs) for ampho-
tericin B, voriconazole, posaconazole, and caspofungin were 
found to be 0.5 µg/mL, 0.25 µg/mL, 0.125 µg/mL, and 0.25 
µg/mL, respectively. The patient recovered with voriconazole 
treatment (2x200 mg/day).

Discussion

Fungal spores of Aspergillus or the other saprophytes in 
the air may reach the respiratory system and can easily cause 
infections in an immunocompromised host (1). According to 
the order of frequency, A. fumigatus, A. flavus, and A. niger 
were recently isolated as agents of invasive aspergillosis in 
our hospital (11). Isolations of A. lentulus defined in 2005 as 
a kind of new Aspergillus species were reported in America, 
Japan, South Korea, Australia, and Spain (9, 12). The charac-
teristics of some cases with colonisation or infection caused 
by A. lentulus in the literature are shown in Table 1 (3, 8, 9, 13, 
14). However, an isolation of or infection caused by A. lentulus 
was not reported in Turkey until today.

Recently, some fungi in section Fumigati have often been 
misdiagnosed as A. fumigatus. Today, the use of molecular 
methods is recommended to prevent false identification of 
the species in the A. fumigatus complex (2, 6). The strain iso-
lated in the present study resembled A. fumigatus accord-
ing to many features but its branched conidiophore on mi-
croscopic examination attracted attention; therefore, it was 

thought to be of a different kind. The strain was identified as 
A. lentulus by the reference laboratory to which it was sent for 
confirmation by molecular methods.

Although the strains of A. fumigatus are intrinsically sensi-
tive to itraconazole, voriconazole, posaconazole, and ampho-
tericin B, A. lentulus strains usually have higher MIC values   for 
these drugs and caspofungin (6, 7, 15). Average MIC values 
of eight A. fumigatus strains, agents of invasive aspergillosis 
in our hospital, were 2 µg/mL, 0.25 µg/mL, 0.064 µg/mL, and 
0.064 µg/mL for amphotericin B, voriconazole, posaconazole, 
and caspofungin, respectively (16). The A. lentulus strain in 
the present study had a fourfold lower MIC for amphoteri-
cin B, similar MIC for voriconazole, twofold higher MIC for 
posaconazole, and fourfold higher MIC for caspofungin in 
comparison with the A. fumigatus strains. As pointed out by 
Staab et al. (17), A. lentulus may show in vitro low and vari-
able susceptibility for amphotericin B, itraconazole, voricon-
azole, and echinocandins. It is interesting that the susceptibil-
ity characteristics of the present strain are slightly different 
to that antifungal susceptibility reported in the literature. It 
is also interesting that two out of 14 A. lentulus strains are 
susceptible to itraconazole in the literature (5). Although 
these susceptibility tests were repeated eight times, the re-
sults were not uniform. Thus, modifications in evaluation of 
the susceptibility tests to solve different susceptibility results 
were recommended by the authors (5). In the present study, 
the susceptibility tests were repeated twice and similar results 
were obtained. It was evaluated positive in terms of its com-
pliance susceptibility tests due to a good clinical response to 
voriconazole therapy of the patient.

The different sensitivity characteristics of A. lentulus 
strains compared with A. fumigatus strains should be consid-
ered in the choice of empirical treatment. The first condition 
of suitable empirical antifungal therapy is also correct identi-
fication of the agent. The use of molecular tests is important 
for identification of A. lentulus strains because they are very 
easily confused with A. fumigatus strains according to pheno-
typic characteristics. 
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Aspergillus lentulus Pneumonia

Underlying disease Infection/ Immunosuppressive Isolation sample Reference
 Colonisation therapy history 

Chronic obstructive pulmonary  Exacerbation of COPD Yes Bronchial aspirate Alhambra et al. (3) 
disease (COPD) 

4 haematopoietic stem cell  Invasive aspergillosis No data Not data Balajee et al. (9) 
transplant recipients 

Arterial hypertension and  Pneumonia Yes Bronchoalveolar Montenegro et al. (8) 
end-stage chronic kidney    lavage fluid 
disease   (BAL)  

Cystic fibrosis Colonisation of the  No Sputum Symoens et al. (13) 
 airways 

Heart transplantation for  Pneumonia Yes 1 BAL, 1 sputum,  Zbinden et al. (14) 
ischaemic cardiomyopathy   and 2 tracheal
   bronchial secretions  

Renal transplant recipient Pneumonia Yes Sputum The present study

Table 1. Characteristics of some cases with colonisation or infection caused by Aspergillus lentulus in the literature
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Invasive fungal infections caused by Neosartorya pseudofischeri S. W. Peterson [anamorph Aspergillus thermomu-
tatus (Paden) S. W. Peterson] are extremely rare. Phenotypically, the anamorphic state of N. pseudofischeri resem-
bles Aspergillus fumigatus, the predominant agent of invasive aspergillosis in immunocompromised hosts. We report
the recovery of three clinical isolates of N. pseudofischeri, all initially misidentified by morphological characteristics
as A. fumigatus. All three isolates were correctly identified by sequencing portions of the !-tubulin and the rodlet A
genes. Only one of the three isolates produced the confirmatory fruiting bodies and was thus classified as N.
pseudofischeri; the other isolates did not produce asci and were therefore identified as A. thermomutatus. All three
isolates had higher MICs to voriconazole in vitro compared to A. fumigatus Af293. This report emphasizes that
phenotypic identification of filamentous fungi may not identify morphologically similar, but genetically distinct,
members of the genus Aspergillus section Fumigati. Accurate identification of these organisms may be clinically
meaningful, given their potential differences in antifungal susceptibilities.

Aspergillus fumigatus, the principal etiological agent of invasive
aspergillosis, belongs to the genus Aspergillus section Fumigati and
is identified in the laboratory predominantly by morphological
features. Neosartorya fischeri and Neosartorya pseudofischeri also
belong to section Fumigati, and their asexual (conidial) state
closely overlaps that of A. fumigatus; thus, these two fungi appear
morphologically very similar to A. fumigatus. Despite phenotypic
similarity with A. fumigatus, N. fischeri and N. pseudofischeri have
seldom been reported as etiologic agents of human aspergillosis.
Phenotypically, Neosartorya fischeri (Wehmer, Malloch and Cain
1972) can be differentiated from the closely related N. pseudo-
fischeri only by electron microscope analysis of the ascospore
structure.

To date there are only seven reported cases in which N. pseudo-
fischeri has been recovered from invasive fungal infections
(Table 1). The anamorphic (asexual) form of N. pseudofischeri,
Aspergillus thermomutatus, grows as whitish, fast-growing, slowly
sporulating colonies (producing conidiophores with conidia
[sporulating] only after prolonged incubation on laboratory me-
dium). Recently, several slowly sporulating Aspergillus isolates
have been identified as members of a new species, Aspergillus
lentulus (sp. nov. S. A. Balajee and K. A. Marr [1]). As part of a
screening study to identify other A. lentulus isolates among culture
collections in the United States, we recovered three poorly sporu-
lating isolates that were phenotypically identified as A. fumigatus
but were not A. lentulus by sequence typing of "-tubulin (benA)
and rodlet A (rodA) gene regions. Data presented within dem-
onstrate that these isolates are N. pseudofischeri and its ana-
morph, A. thermomutatus.

MATERIALS AND METHODS

Isolates. Isolate FH274 was received from the Fungus Reference and Molec-
ular Subtyping Unit at the Centers for Disease Control and Prevention (CDC)
and was originally recovered from a patient 3 months after receipt of hemato-
poietic stem cell transplantation. Biopsy of a right ear wound showed branching
septate hyphae by KOH stain and grew what was first identified by the local
laboratory as Aspergillus versicolor. The patient was treated successfully with
amphotericin B lipid complex (ABLC), followed by voriconazole (VRZ) and
caspofungin (CAS); the patient died 1 month later due to progressive leukemia.
This isolate was sent to the CDC, where the fungus was reidentified by mor-
phology as A. fumigatus. At that time, no asci or ascopores were found after
incubation on several media for 4 weeks. Isolates FH240 and FH242 were
originally obtained from the sputum of cystic fibrosis patients in Montana and
Texas, respectively. Both isolates were initially identified as A. fumigatus by
referring institutions submitting the isolates to the Fungus Testing Laboratory,
University of Texas Health Science Center at San Antonio (UT), for antifungal
susceptibility testing. Reidentification was not performed by UT. Aspergillus
fumigatus isolate Af293 was provided by David Denning and was confirmed to be
A. fumigatus Fresenius by the National Collection of Pathogenic Fungi (NCPF
7367) at the Mycology Reference Laboratory, Bristol, United Kingdom, and by
the Centraal Bureau voor Schimmelcultures (CBS 101355), Baarn, The Nether-
lands (11).

Media and antifungals. Potato dextrose agar (PDA; Becton Dickinson,
Sparks, MD), Czapek-dox (CZD; Becton Dickinson, Sparks, MD) supplemented
with 20% dextrose, malt extract agar (MEA; Becton Dickinson, Sparks, MD),
and Sabouraud dextrose agar (SDA; Becton Dickinson, Sparks, MD) were used
in the study. The antifungal agents amphotericin B (AMB; Bristol-Myers Squibb
Pharmaceutical Research Institute, Wallingford, CT), itraconazole (ITZ; Ortho
Biotech, Bridgewater, NJ), and VRZ (Pfizer Pharmaceuticals, New York, NY)
were dissolved in dimethyl sulfoxide, and CAS (Merck & Co. Inc., Rahway, NJ)
was dissolved in distilled water. Further dilutions were made in RPMI 1640 with
L-glutamine, without bicarbonate, buffered with 0.165 morpholinepropanesulfon-
ic acid to pH 7.0 (RPMI; Sigma Chemical Co., St. Louis, MO), as outlined in
CLSI (formerly NCCLS) document M38A (9).

Molecular typing. Genomic DNA was extracted from hyphal mats of isolates
Af293, FH240, FH242, and FH274 grown in SDB for 3 days as previously
described (1). In brief, hyphal cells were treated with lyticase (10 U/#l; Sigma
Chemical Co., St. Louis, MO) for 1 h at 37°C and then incubated in proteinase
K (10 #g/ml; Sigma) and 0.5% sodium dodecyl sulfate (Sigma) for 2 h at 60°C.
This suspension was then subjected to three cycles of freeze-thaw in liquid
nitrogen alternating with vortexing 1 min with 0.2 g sterile glass beads (Sigma).

* Corresponding author. Mailing address: Program in Infectious
Diseases, Fred Hutchinson Cancer Research Center, 1100 Fairview
Ave. N., D3-100, Seattle, WA 98109. Phone: (206) 667-6702. Fax: (206)
667-4411. E-mail: kmarr@fhcrc.org.
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Genomic DNA was isolated with the DNeasy tissue kit (69504; QIAGEN,
Hilden, Germany) according to the manufacturer’s instructions.

PCR primers were designed to amplify !-tubulin (benA-F, 5"-AATTGGTGC
CGCTTTCTGG-3", and R, 5"-AGTTGTCGGGACGGAATAG-3") and rodlet
A (rodA-F, 5"-GCTGGCAATGGTGTTGGCAA-3", and R, 5"-AGGGCAATG
CAAGGAAGACC-3") regions as previously described (1). PCR amplification
was performed with 2 to 4 #l of genomic DNA as template in a total reaction
volume of 50 #l consisting of PCR buffer (20 mM Tris-HCl, pH 8.4, 50 mM KCl),
0.2 mM (each) dATP, dGTP, dCTP, and dTTP, 1.2 mM MgSO4, 0.2 pmol (each)
primer, and 1 U of Pfx polymerase (Invitrogen-BRL Life Technologies, Carlsbad,
CA) and 1$ Pfx enhancer (Invitrogen). Thirty cycles of amplification were
performed in a GeneAmp PCR system 9700 thermocycler (PE-Applied Bio-
systems) after initial denaturation of DNA at 94°C for 3 min. Thirty cycles
consisted of a denaturation step at 94°C for 15 seconds, an annealing step at 55°C
for 30 seconds, and an extension step at 68°C for 30 seconds, with a final
extension at 68°C for 3 min following the last cycle.

Amplicons were purified using the QIAquick PCR purification kit (catalog no.
28104) and directly sequenced on a Perkin-Elmer/ABI model 373 DNA se-
quencer with protocols supplied by the manufacturer. The resultant nucleotide
sequences were edited using the Sequencher program, and each set of homolo-
gous gene sequences was aligned using ClustalW (17). Sequences were compared
to the other available sequences in GenBank using the BLAST program of the
National Center for Biotechnology Information.

Phenotypic analysis. FH274, FH240, and FH242 were grown on PDA, MEA,
and CZD at two temperatures, 25°C and 37°C, for 7 to 21 days with periodic
microscopic examination. When asci were produced, specimens prepared with
lactophenol cotton blue were examined by differential interference contrast
microscopy (magnification, 100$) and images were photographed.

Antifungal susceptibility testing. Susceptibilities of the isolates to AMB, ITZ,
VRZ, and CAS were assayed by the CLSI M38A broth microdilution method, as
previously published (1). Isolate FH240 was grown on CZD at 37°C to maximize
conidial harvest, and the conidia from all three isolates tested were counted with
a hemocytometer and adjusted to a concentration of 106 CFU/ml. As per the
CLSI recommendations (9), MICs for ITZ, VRZ, and AMB were defined as the
lowest concentration of the drug that resulted in 100% growth reduction when
compared to the drug-free control. For CAS, the minimal effective concentration
(MEC) was defined as the minimum concentration of drug that produced mor-
phological alterations, such as abnormal hyphal growth with highly branched tips,
swollen germ tubes, and distended balloon-like hyphae, when observed under the
light microscope (7). Susceptibilities were determined by duplicate measures in
three different experiments. MICs for FH240 and FH242 were confirmed at the
Fungus Testing Laboratory, Department of Pathology, University of Texas
Health Science Center at San Antonio.

RESULTS

A large number of slowly sporulating isolates of A. fumigatus
from various culture collections in the United States were
screened for the presence of A. lentulus. As part of this project,
we sequenced the benA and the rodA genes of the slowly
sporulating isolates FH274, FH240, and FH242. Results
showed that FH274 and FH240 were 100% homologous and
FH242 was 99% homologous to the sequence of N. pseudo-
fischeri (GenBank accession no. AF057325). Similarly, rodA
sequences of FH274, FH240, and FH242 were 99% homolo-
gous to the sequence of N. pseudofischeri (GenBank accession

no. AF057345). Sequences of all three isolates were only 90%
homologous to the benA sequence and 88% homologous to the
rodA sequence of A. fumigatus isolate Af293 (data not shown),
and the sequences were 91% homologous to the benA se-
quence and 89% homologous to the rodA sequence of A.
lentulus isolate FH5 (data not shown).

All three isolates were initially identified as A. fumigatus by the
CDC and UT by phenotypic characteristics. Since molecular data
suggested that these isolates were not A. fumigatus but N. pseudo-
fischeri, we sought to corroborate the molecular findings by phe-
notype analyses. All isolates were grown on PDA, CZD, and
MEA at 25°C and 37°C. At the higher temperature, the isolates
were fast growing on all three media and appeared as whitish
velvety colonies with sparse conidiation on CZD and PDA and
without conidiation on MEA. Microscopic examination revealed
scant conidiophores that were smooth and hyaline, terminating in
subglobose vesicles with a single series of ampulliform phialides
bearing dull green globose conidia (Fig. 1a). At 25°C, FH240 and
FH242 appeared as fast-growing colonies (on all three media)
with absolutely no conidiation. However, FH274 appeared gran-
ular on PDA, with ascogonial initials produced within 7 days. By
the 10th day, ascomata were produced and eight-spored asci were
seen microscopically (Fig. 1b). The ascospores were hyaline, one-
celled, and lenticular with two closely oppressed equatorial crests
extending beyond the spore body (Fig. 1c). Hence, isolate FH274
was identified as N. pseudofischeri. Both FH240 and FH242 failed
to produce the confirmatory asci and ascospores in PDA, CZD,
and MEA at both 25°C and 37°C and were classified as A. ther-
momutatus. All three isolates were able to grow profusely at 45°C
and exhibited limited growth at 48°C.

It is being increasingly appreciated that members of the
Aspergillus species may have variable antifungal susceptibility
patterns, a case in point being A. terreus, which has high MICs
of AMB in vitro (18) and is associated with high rates of
treatment failure (13, 18). Hence, we evaluated the antifungal
susceptibilities of the three isolates and found that MICs were
variable, although each of the isolates appeared to have rela-
tively high MICs of the azoles, VRZ and ITZ (Table 2). One
isolate (FH240) had a relatively high MIC of AMB; all CAS
MECs were low. Aspergillus fumigatus Af293 was susceptible to
all the drugs tested.

DISCUSSION

The present study brings into focus the limitations of phe-
notypic methods of identification of filamentous fungi, since all
three N. pseudofischeri/A. thermomutatus isolates were initially
misidentified as A. fumigatus by morphological typing. Limita-

TABLE 1. N. pseudofischeri as a cause of invasive disease

Yr Disease Treatment Outcome Reference

1929 Sputum from patient with lung disease NKa NK 10
1971 Invasive aspergillosis NK NK 10
1990 Mycotic keratitis Ketoconazole Evisceration of the eye 2
1992 Graft-related endocarditis Amphotericin B Progression of disease, death 14
1994 Osteomyelitis NK NK 10
2002 Peritonitis Liposomal amphotericin, itraconazole Resolution 8
2004 Invasive aspergillosis Amphotericin B Resolution 4

a NK, not known.
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M A J O R A R T I C L E

Liposomal Amphotericin B as Initial Therapy
for Invasive Mold Infection: A Randomized Trial
Comparing a High–Loading Dose Regimen
with Standard Dosing (AmBiLoad Trial)

Oliver A. Cornely, Johan Maertens, Mark Bresnik, Ramin Ebrahimi, Andrew J. Ullmann, Emilio Bouza,
Claus Peter Heussel, Olivier Lortholary, Christina Rieger, Angelika Boehme, Mickael Aoun, Heinz-August Horst,
Anne Thiebaut, Markus Ruhnke, Dietmar Reichert, Nicola Vianelli, Stefan W. Krause, Eduardo Olavarria, and
Raoul Herbrecht, for the AmBiLoad Trial Study Groupa

(See the editorial commentary by Anaissie on pages 1298–1306)

Background. Treatment of invasive mold infection in immunocompromised patients remains challenging.
Voriconazole has been shown to have efficacy and survival benefits over amphotericin B deoxycholate, but its
utility is limited by drug interactions. Liposomal amphotericin B achieves maximum plasma levels at a dosage of
10 mg/kg per day, but clinical efficacy data for higher doses are lacking.

Methods. In a double-blind trial, patients with proven or probable invasive mold infection were randomized
to receive liposomal amphotericin B at either 3 or 10 mg/kg per day for 14 days, followed by 3 mg/kg per day.
The primary end point was favorable (i.e., complete or partial) response at the end of study drug treatment.
Survival and safety outcomes were also evaluated.

Results. Of 201 patients with confirmed invasive mold infection, 107 received the 3-mg/kg daily dose, and 94
received the 10-mg/kg daily dose. Invasive aspergillosis accounted for 97% of cases. Hematological malignancies
were present in 93% of patients, and 73% of patients were neutropenic at baseline. A favorable response was
achieved in 50% and 46% of patients in the 3- and 10-mg/kg groups, respectively (difference, 4%; 95% confidence
interval, !10% to 18%; ); the respective survival rates at 12 weeks were 72% and 59% (difference, 13%;P 1 .05
95% confidence interval, !0.2% to 26%; ). Significantly higher rates of nephrotoxicity and hypokalemiaP 1 .05
were seen in the high-dose group.

Conclusions. In highly immunocompromised patients, the effectiveness of 3 mg/kg of liposomal amphotericin
B per day as first-line therapy for invasive aspergillosis is demonstrated, with a response rate of 50% and a 12-
week survival rate of 72%. The regimen of 10 mg/kg per day demonstrated no additional benefit and higher rates
of nephrotoxicity.

Invasive mold infections continue to account for sig-

nificant morbidity and mortality in immunocompro-

mised patients. Recent epidemiological studies indicate

that the incidence of these infections is increasing, al-

though specific risks vary for different underlying dis-
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eases [1–3]. Voriconazole has demonstrated efficacy and

survival benefits over amphotericin B deoxycholate for

the treatment of invasive aspergillosis, but it has nu-

merous drug interactions and no activity against Zy-

gomycetes, limiting its utility for this patient population

[4]. Caspofungin has documented efficacy as salvage

therapy for patients with invasive aspergillosis, but data

are lacking for use as primary therapy [5]. Amphoter-

icin B deoxycholate is fungicidal against Aspergillus spe-

cies, Zygomycetes, and other molds. However, it has

poor efficacy in immunosuppressed patients and is

a Author affiliations and members of the study group are shown at the end of
the text.
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Table 1. Characteristics of patients in a study of liposomal amphotericin B as initial therapy for
invasive mold infection.

Characteristic

Liposomal amphotericin B dosage

3 mg/kg per day
(n p 107)

10 mg/kg per day
(n p 94)

Baseline characteristic
Age, mean years (range) 50.9 (15–76) 50.4 (2–78)
Age !18 years, no. of patients 3 3
Percentage of male/female patients 57/43 67/33
Weight, mean kg 68.3 71.0

Underlying condition
Hematological malignanciesa 99 (93) 87 (93)

Controlled 36/99 (36) 26/85 (31)b

Uncontrolled 63/99 (64) 59/85 (69)b

Stem cell transplantation
Allogeneic 17 (16) 18 (19)
Autologous 1 (1) 4 (4)

Solid organ transplantation 1 (1) 0
HIV infection 2 (2) 2 (2)
Otherc 5 (5) 2 (2)

Neutropeniad

Within 60 days of enrollment 97 (91) 84 (89)
Neutropenia at baseline 76 (71) 71 (76)

Site of infection
Pulmonary 98 (92) 84 (89)
Disseminated 3 (3) 4 (4)
Other localized sitee 6 (6) 6 (6)

Fungal pathogen
Proven or probable Aspergillusf 103 (96) 91 (97)
Aspergillus plus Alternaria species 0 1 (1)
Zygomycetes 3 (3) 2 (2)
Phaeoacremonium species 1 (1) 0

Invasive aspergillosis
Microbiologically confirmed 41 (38) 36 (38)
Halo sign on CT onlyf,g 62 (58) 56 (60)

Microbiologic criteria
Aspergillus antigen onlyh 27 (25) 18 (19)
Culture and/or histologic findings only 14 (13) 16 (17)
Aspergillus antigenh plus culture and/or histologic findings 4 (4) 4 (4)

Data Review Board–confirmed case
Proven 8 (7) 10 (11)
Probable 99 (93) 84 (89)

NOTE. Data are no. (%) of patients, unless otherwise indicated.
a Includes acute and chronic leukemia, lymphoma, multiple myeloma, and myelodysplastic syndrome. “Controlled”

was defined as no active malignant disease present at baseline (i.e., complete remission), and “uncontrolled” was
defined as active malignant disease present at baseline.

b Data were missing for 2 patients.
c Conditions requiring chronic corticosteroid therapy.
d Absolute neutrophil count, !500 cells/mm3.
e Sites include CNS, sinus, nasal, neck, sternal wound, hepatosplenic sites, kidney, scrotum, skin, knee, and leg.
f Protocol modification of European Organization for Research and Treatment of Cancer criteria: CT halo or air

crescent sign in allogeneic stem cell transplant recipients or recent neutropenia were categorized as probable
aspergillosis.

g All 118 patients had halo signs (single or multiple) on baseline chest CTs, 4 patients had an air crescent sign in
addition to halo signs, and 1 patient had multiple halos plus a cavitary lesion.

h Two serum samples or 1 bronchoalveolar lavage sample tested positive.
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transplant (SOT) recipients and is associated with signifi -
cant morbidity, mortality, length of hospitalization and 
costs [1 – 7]. Despite improved treatment options and 
advances in diagnostic testing, patient outcomes remain 
suboptimal. 

 Over the past decade there has been an expansion in the 
antifungal armamentarium, which includes newer broad-
spectrum azoles and the echinocandin class of antifungal 
agents [8 – 11]. These agents are active against  Aspergillus  
species and some have demonstrated clinical effi cacy 
in the treatment of IA [8,10,11]. Guidelines from the Infec-
tious Diseases Society of America (IDSA) recommend 
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 The impact of antifungal therapy on economic outcomes in patients with invasive 
aspergillosis (IA) needs further exploration. The purpose of this study was to describe 
antifungal therapy and factors associated with hospital length of stay (LOS) in transplant 
patients with IA. Patients were enrolled from March 2001 to October 2005 and IA cases 
identifi ed through March 2006 from a sub-group of patients in the Transplant Associ-
ated Infection Surveillance Network (TRANSNET). Factors associated with hospital 
LOS were determined by logistic regression analysis. Of 361 patients, the mean age 
was 49 years, 60.7% were male, and 63% were hematopoietic stem cell transplantation 
(HSCT) recipients. Primary monotherapy was used in 233 (64.5%) patients, of which 
voriconazole (93/233, 39.9%) was most commonly used antifungal. Primary combina-
tion therapy was used in 128 (35.4%) of 361 patients, with voriconazole plus caspofun-
gin (81/361, 22.4%) the most frequently employed. Mean duration of therapy was 115 
days (HSCT 109.7; solid organ transplant [SOT] 125.3). Mean hospital LOS was 35.3 
days (HSCT 38.7; SOT 29.7). Regression analysis identifi ed disseminated IA, neutro-
penia, malnutrition and length of ICU stay as factors associated with increased hospital 
LOS. Initial voriconazole use was associated with decreased LOS. Further investigation 
on impact of antifungal therapy on economic outcomes is needed.  

  Keywords   aspergillosis  ,   combination therapy  ,   voriconazole  ,   Aspergillus   

  Introduction 

 Invasive aspergillosis (IA) remains an important complica-
tion in hematopoietic stem cell (HSCT) and solid organ 
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   Table 1  Characteristics of 361 transplant patients with IA.  

Characteristic
Total (%) 
 N   !    361

HSCT 
 N   !    228

SOT 
 N   !    133

Mean age 1  ( "  SD) 49    "    14.7 46.1    "    14.9 54.1    "    12.7
Male sex 218/359 (60.7) 142 (62.3) 76/131 (58)
White race 297/332 (89.5) 185/205 (90.2) 112/127 (88.2)
Mortality at 6 weeks 114/358 (31.8) 82/225 (36.4) 32 (24.1)
Mortality at 12 weeks 173/358 (48.3) 129/225 (57.3) 44/133 (33.1)
Mean length-of-stay (days) 2 35.3    "    39.5 38.7    "    43.6 29.7    "    30.9
Mean length-of-stay in ICU (days) 3 7.6    "    15.4 5.1    "    11.6 11.8    "    19.6
Length of stay  #    30 days 133/324 (41.0) 92/201 (45.8) 41/123 (33.3)
Time to IA (mean days  "  SD) 378.6    "    836.3 248.5    "    637.8 598.8    "    1060.0
Time to IA (median days) 101 88 152
Solid organ transplant 132 (37.3)

Lung 64 (17.7) 64 (48.1)
Kidney 29 (8) 29 (21.8)
Liver 18 (5) 18 (13.5)
Heart 17 (4.7) 17 (12.8)
Kidney-pancreas 5 (1.4) 5 (3.8)

HSCT 228 (63.2)
Allogeneic 199 (55.1) 199 (87.3)
Matched related 81 (22.4) 81/199 (40.7)
Autologous 29 (8.0) 29 (12.7)

Myeloablative conditioning 166/228 (72.8) 166 (72.8)
Neutropenia 4 123 (34.1) 120 (52.6) 3 (2.3)
Fever 5 157 (43.5) 110 (48.3) 47 (35.3)
Graft-versus-host disease 6 87 (24.1) 87 (38.2)
Organ rejection (SOT) 63 (17.5) 63 (47.4)
Cytomegalovirus disease 7 96 (26.6) 62 (27.2) 34 (25.6)
Renal insuffi ciency 8 123 (34.1) 59 (25.9) 64 (48.1)
Hepatic insuffi ciency 9 68 (18.8) 53 (23.3) 15 (11.3)
Malnutrition 10 72 (19.9) 40 (17.5) 32 (24.1)
Diabetes 142 (39.3) 81 (35.5) 61 (45.9)
Early onset IA 11 123/358 (34.3) 81/225 (36) 42 (31.6)
Proven IA (vs. probable) 101 (28) 50 (21.9) 51 (38.4)
 Aspergillus fumigatus 182 (50.4) 101 (44.3) 81 (60.9)
Prednisone use 177 (49) 72 (31.6) 105 (78.9)
Methylprednisolone use 106 (29.4) 79 (34.7) 27 (20.3)
IA site

Pulmonary (any) 334 (92.5) 212 (93) 122 (91.7)
Central nervous system 17 (4.7) 8 (3.5) 9 (6.8)
Disseminated 12 55 (15.2) 28 (12.3) 27 (20.3)

Mold-active prophylaxis 13 89 (24.7) 68 (29.8) 21 (15.8)
Voriconazole 21 (5.8) 19 (8.3) 2 (1.5)
Itraconazole 39 (10.8) 21 (9.2) 18 (13.5)
AMB preparation 33 (9.1) 29 (12.7) 4 (3)
Caspofungin 20 (5.5) 20 (8.8) 0 (0)

   SD, standard deviation; HSCT, hematopoietic stem cell transplant; SOT, solid organ transplant; ICU, intensive care unit; 
IA, invasive aspergillosis; AMB, amphotericin B.   
  1 Total  n   !    358; HSCT  n   !    227; SOT  n   !    131.   
  2 Total  n   !    324; HSCT  n   !    201; SOT  n   !    123.   
  3 Total  n   !    359; HSCT  n   !    226; SOT  n   !    133.   
  4 Absolute neurophil count  $   500 cells/mm 3  within 30 days prior to IA diagnosis.   
  5 Temperature  % 100.5 F with 7 days of IA diagnosis.   
  6 Defi ned as  % grade II graft-versus-host disease.   
  7 Positive antigen, culture, or histopathology in association with signs and symptoms consistent with CMV.   
  8 Defi ned as serum creatinine  % 3.0 mg/dl or creatine clearance  $   30cc/min at diagnosis of IA.   
  9 Hepatic insuffi ciency was defi ned as ascites, stigmata of liver disease, or elevated laboratory values related to the liver 
(prothrombin time, INR, liver function tests) at time of diagnosis of IA.   
  10 Serum albumin  $ 2g/dl; or  & 5% ideal body weight if albumin between 2.1 – 2.5g/dl   
  11 IA diagnosis less than 30 days after transplant.   
  12 Extrapulmonary disease, excluding sinuses.   
  13 Prophylaxis within 30 days preceding IA diagnosis.   
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  4 Absolute neurophil count  $   500 cells/mm 3  within 30 days prior to IA diagnosis.   
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M A J O R A R T I C L E

Prospective Surveillance for Invasive Fungal Infections
in Hematopoietic Stem Cell Transplant Recipients,
2001–2006: Overview of the Transplant-Associated
Infection Surveillance Network (TRANSNET)
Database

Dimitrios P. Kontoyiannis, Kieren A. Marr, Benjamin J. Park, Barbara D. Alexander, Elias J. Anaissie,
Thomas J. Walsh, James Ito, David R. Andes, John W. Baddley, Janice M. Brown, Lisa M. Brumble,
Alison G. Freifeld, Susan Hadley, Loreen A. Herwaldt, Carol A. Kauffman, Katherine Knapp, G. Marshall Lyon,
Vicki A. Morrison, Genovefa Papanicolaou, Thomas F. Patterson, Trish M. Perl, Mindy G. Schuster,
Randall Walker, Kathleen A. Wannemuehler, John R. Wingard, Tom M. Chiller, and Peter G. Pappasa

(See the article by Pappas et al, on pages 1101–1111.)

Background. The incidence and epidemiology of invasive fungal infections (IFIs), a leading cause of death
among hematopoeitic stem cell transplant (HSCT) recipients, are derived mainly from single-institution retro-
spective studies.

Methods. The Transplant Associated Infections Surveillance Network, a network of 23 US transplant centers,
prospectively enrolled HSCT recipients with proven and probable IFIs occurring between March 2001 and March
2006. We collected denominator data on all HSCTs preformed at each site and clinical, diagnostic, and outcome
information for each IFI case. To estimate trends in IFI, we calculated the 12-month cumulative incidence among
9 sequential subcohorts.

Results. We identified 983 IFIs among 875 HSCT recipients. The median age of the patients was 49 years;
60% were male. Invasive aspergillosis (43%), invasive candidiasis (28%), and zygomycosis (8%) were the most
common IFIs. Fifty-nine percent and 61% of IFIs were recognized within 60 days of neutropenia and graft-versus-
host disease, respectively. Median onset of candidiasis and aspergillosis after HSCT was 61 days and 99 days,
respectively. Within a cohort of 16,200 HSCT recipients who received their first transplants between March 2001
and September 2005 and were followed up through March 2006, we identified 718 IFIs in 639 persons. Twelve-
month cumulative incidences, based on the first IFI, were 7.7 cases per 100 transplants for matched unrelated
allogeneic, 8.1 cases per 100 transplants for mismatched-related allogeneic, 5.8 cases per 100 transplants for matched-
related allogeneic, and 1.2 cases per 100 transplants for autologous HSCT.

Conclusions. In this national prospective surveillance study of IFIs in HSCT recipients, the cumulative incidence
was highest for aspergillosis, followed by candidiasis. Understanding the epidemiologic trends and burden of IFIs
may lead to improved management strategies and study design.

Invasive fungal infections (IFI), especially invasive as-
pergillosis (IA), have emerged as a leading cause of
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morbidity and infection-related mortality among he-
matopoeitic stem cell transplant (HSCT) recipients [1].
Estimates of the incidence and prevalence of these in-
fections have varied substantially, because longitudinal
surveillance for IFI has not been conducted in that

The findings and conclusions in this presentation/report are those of the
author(s) and do not necessarily represent the official position of the Centers for
Disease Control and Prevention. This information is distributed solely for the
purpose of predissemination peer review under applicable information quality
guidelines. It has not been formally disseminated by the Centers for Disease
Control and Prevention. It does not represent and should not be construed to
represent any agency determination or policy.
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Table 1. Characteristics of Hematopoietic Stem Cell Transplant (HSCT) Recipients Who Developed
!1 Invasive Fungal Infection (IFI) and a Description of All IFI Cases

Variable Surveillance cohort Incidence cohort

HSCT recipients

No. of HSCT recipients 875 639

Age, median years (range) 49 (0.3–79) 50 (0.3–76)

Pediatrics patients (age !18 years) 69 (8) 54 (9)

Male sex 520 (60) 376 (59)

Race

White 705 (87) 507 (87)

Black 58 (7) 41 (7)

3-Month mortality 445 (51) 325 (51)

Type of first transplant

Autologous 184 (21) 134 (21)

Syngeneic 1 (0.1) 0 (0)

Allogeneic Matched Related 336 (38) 232 (36)

Allogeneic Mismatched Related 55 (6) 47 (7)

Allogeneic Unrelated 298 (34) 226 (35)

Stem cell source:

Marrow 168 (19) 114 (18)

Cord blood 22 (3) 19 (3)

Peripheral blood 684 (78) 506 (79)

Pretransplantation conditioning

Myeloablative 606 (70) 431 (68)

Nonmyeloablative 261 (30) 202 (32)

Unknown 3 (0.3) 6 (1)

IFI cases

No. of cases 983 718

Neutropeniaa within 60 days before onset 563 (57) 442 (62)

Graft-versus-host disease within 60 days before onset 590 (61) 427 (60)

Grade I–II 199 (34) 133 (31)

Grade III–IV 292 (50) 229 (54)

Unspecified 99 (17) 65 (15)

Invasive aspergillosis 425 (43) 301 (42)

Aspergillus fumigatus 187 (44) 134 (45)

Aspergillus terreus 22 (5) 17 (6)

Aspergillus niger 36 (9) 26 (9)

Aspergillus flavus 31 (7) 25 (8)

Multiple Aspergillus species 27 (6) 17 (6)

Other Aspergillus species 13 (3) 12 (4)

Unspecified Aspergillus species 109 (26) 70 (23)

Invasive candidiasis 276 (28) 217 (30)

Candida albicans 55 (20) 42 (19)

Candida glabrata 92 (33) 70 (32)

Candida krusei 17 (6) 14 (7)

Candida parapsilosis 39 (14) 35 (16)

Candida tropicalis 23 (8) 16 (7)

Candida lusitaniae 4 (2) 4 (2)

Multiple Candida species 15 (5) 11 (5)

Other Candida species 1 (0.4) 1 (0.5)

Unspecified Candida species 30 (11) 24 (11)

Zygomycosis 77 (8) 66 (9)

Other moldsb 66 (7) 36 (5)

Unspecified molds 55 (6) 40 (6)

Fusariosis 31 (3) 22 (3)

Pneumocystosis 21 (2) 13 (2)

Other non-Candida yeastc 16 (2) 13 (2)

Endemic fungid 6 (0.6) 3 (0.4)

Cryptococcosis 6 (0.6) 3 (0.4)

Unspecified yeasts 4 (0.4) 4 (0.6)

NOTE. Data are no. (%) of patients or cases, unless otherwise indicated.
a Neutropenia was defined as "500 polymorphonuclear cells/dL.
b Other molds included Acremonium, Alternaria, Arthrographis, Bipolaris, Chaetomium,Chrysosporium,Cladophialophora,

Curvularia, Exophiala, Exserohilum, Microsascus, Paecilomyces, Penicillium, Phialemonium, Pseudallescheria, Scedospor-
ium, Scopulariopsis, and Trichoderma species.

c Other non-Candida yeast included Geotrichum, Malassezia, Rhodotorula, Saccharomyces, Trichosporon, and Zygoascus.
d Endemic fungi included Histoplasma, Blastomyces, and Coccidioides.
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Invasive Fungal Infections among Organ Transplant
Recipients: Results of the Transplant-Associated
Infection Surveillance Network (TRANSNET)

Peter G. Pappas, Barbara D. Alexander, David R. Andes, Susan Hadley, Carol A. Kauffman, Alison Freifeld,
Elias J. Anaissie, Lisa M. Brumble, Loreen Herwaldt, James Ito, Dimitrios P. Kontoyiannis, G. Marshall Lyon,
Kieren A. Marr, Vicki A. Morrison, Benjamin J. Park, Thomas F. Patterson, Trish M. Perl, Robert A. Oster,
Mindy G. Schuster, Randall Walker, Thomas J. Walsh, Kathleen A. Wannemuehler, and Tom M. Chillera

(See the article by Kontoyiannis et al, on pages 1091–1100.)

Background. Invasive fungal infections (IFIs) are a major cause of morbidity and mortality among organ
transplant recipients. Multicenter prospective surveillance data to determine disease burden and secular trends are
lacking.

Methods. The Transplant-Associated Infection Surveillance Network (TRANSNET) is a consortium of 23 US
transplant centers, including 15 that contributed to the organ transplant recipient dataset. We prospectively iden-
tified IFIs among organ transplant recipients from March, 2001 through March, 2006 at these sites. To explore
trends, we calculated the 12-month cumulative incidence among 9 sequential cohorts.

Results. During the surveillance period, 1208 IFIs were identified among 1063 organ transplant recipients.
The most common IFIs were invasive candidiasis (53%), invasive aspergillosis (19%), cryptococcosis (8%), non-
Aspergillus molds (8%), endemic fungi (5%), and zygomycosis (2%). Median time to onset of candidiasis, asper-
gillosis, and cryptococcosis was 103, 184, and 575 days, respectively. Among a cohort of 16,808 patients who
underwent transplantation between March 2001 and September 2005 and were followed through March 2006, a
total of 729 IFIs were reported among 633 persons. One-year cumulative incidences of the first IFI were 11.6%,
8.6%, 4.7%, 4.0%, 3.4%, and 1.3% for small bowel, lung, liver, heart, pancreas, and kidney transplant recipients,
respectively. One-year incidence was highest for invasive candidiasis (1.95%) and aspergillosis (0.65%). Trend
analysis showed a slight increase in cumulative incidence from 2002 to 2005.

Conclusions. We detected a slight increase in IFIs during the surveillance period. These data provide important
insights into the timing and incidence of IFIs among organ transplant recipients, which can help to focus effective
prevention and treatment strategies.

Solid organ transplantation is an effective life-sparing
modality for thousands of patients worldwide with or-
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gan failure syndromes. In the United States alone,
129,000 solid organ transplant procedures were per-
formed in 2008 [1]. In spite of important advances in
surgical technique and immunosuppressive regimens,
there remain substantial risks for post-transplantation
infection, of which invasive fungal infections (IFIs) are
among the most important [2–6]. The most commonly
reported IFIs among organ transplant recipients are
invasive candidiasis, cryptococcosis, and invasive mold
infections, such as aspergillosis and zygomycosis [2–
15]. The incidence of IFIs varies in frequency and spe-
cific etiology according to the type of organ transplant
procedure and transplant center [16–19]. An in-depth
understanding of the overall burden of IFIs in this pop-
ulation is generally lacking.

The Transplant Associated Infection Surveillance Net-
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Table 1. Demographic Characteristics and Description of Invasive Fungal In-
fections (IFIs) Detected in the Transplant-Associated Infection Surveillance Net-
work, 2001–2005

Variable Surveillance cohort Incidence cohort

IFI case patients
No. of patients 1063 633
Age, median years (range) 52.8 (0.5–80.6) 52.8 (0.5–80.6)
Pediatric patients (!18 years of age) 39 (3.8) 26 (4.2)
Male sex 624 (59.3) 365 (58.4)
White race 850 (83.7) 497 (84.5)
Type of first transplant

Liver 339 (31.8) 244 (38.6)
Kidney (unrelated donor) 212 (20.0) 104 (16.5)
Kidney (living related donor) 93 (8.8) 46 (7.3)
Lung 202 (19.0) 124 (19.6)
Pancreas 109 (10.3) 58 (9.2)
Heart 91 (8.6) 47 (7.4)
Small bowel 17 (1.6) 9 (1.4)

IFI cases
No. of cases 1208 729
Invasive candidiasis 639 (52.9) 408 (56.0)

Candida albicans 295/639 (46.2) 184/408 (45.1)
Candida glabrata 158/639 (24.8) 98/408 (24.0)
Candida krusei 13/639 (2.0) 11/408 (2.7)
Candida parapsilosis 55/639 (8.6) 35/408 (8.6)
Candida tropicalis 28/639 (4.4) 19/408 (4.7)
Candida lusitaniae 5/639 (0.8) 1/408 (0.3)
Multiple Candida species 56/639 (8.8) 36/408 (8.8)
Other Candida species 4/639 (0.6) 3/408 (0.7)
Unspecified Candida species 25/639 (3.9) 21/408 (5.2)

Invasive aspergillosis 227 (18.8) 137 (18.8)
Aspergillus fumigatus 136/227 (59.9) 82/137 (59.9)
Aspergillus terreus 10/227 (4.4) 6/137 (4.4)
Aspergillus niger 13/227 (5.7) 8/137 (5.8)
Aspergillus flavus 16/227 (7.1) 8/137 (5.8)
Multiple Aspergillus species 28/227 (12.3) 19/137 (13.9)
Other Aspergillus species 8/227 (3.5) 5/137 (3.7)
Unspecified Aspergillus species 16/227 (7.1) 9/137 (6.6)

Cryptococcosis 97 (8.0) 49 (6.7)
Other mold 79 (6.5) 59 (8.1)
Unspecified molda 24 (2.0) 13 (1.8)
Endemic fungi 64 (5.3) 32 (4.4)
Zygomycosis 28 (2.3) 13 (2.1)
Other yeast 21 (1.7) 14 (1.9)
Unspecified yeasts 16 (1.3) 10 (1.4)
Pneumocystosis 13 (1.1) 7 (1.0)

NOTE. Data are no. (%) of patients or cases, unless otherwise indicated. Data was not
available for all patients for all variables, so the denominator for the percentages may change.

a Includes all culture negative cases with histologically-positive acute angle branching hyphae.

work (TRANSNET) was established in 2001 to perform pro-
spective surveillance among all transplant recipients at selected
centers for the purpose of understanding the burden of IFIs,
to better define patients at risk, to understand current ap-

proaches to the diagnosis of IFIs in transplant recipients, and
to describe the outcome of these infections. The group consists
of 23 active transplant centers in the United States. Here, we
report the results of a 5 year prospective study from 15 TRANS-
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Molecular Identification of Aspergillus Species Collected for the
Transplant-Associated Infection Surveillance Network!
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A large aggregate collection of clinical isolates of aspergilli (n ! 218) from transplant patients with proven
or probable invasive aspergillosis was available from the Transplant-Associated Infection Surveillance Net-
work, a 6-year prospective surveillance study. To determine the Aspergillus species distribution in this collec-
tion, isolates were subjected to comparative sequence analyses by use of the internal transcribed spacer and
"-tubulin regions. Aspergillus fumigatus was the predominant species recovered, followed by A. flavus and A.
niger. Several newly described species were identified, including A. lentulus and A. calidoustus; both species had
high in vitro MICs to multiple antifungal drugs. Aspergillus tubingensis, a member of the A. niger species
complex, is described from clinical specimens; all A. tubingensis isolates had low in vitro MICs to antifungal
drugs.

The genus Aspergillus is classified into eight subgenera,
and each subgenus is subdivided into several sections that
include many related species (12). As this classification
scheme is unique to this genus and could be complex to a
nontaxonomist seeking to identify species within this genus,
it was proposed that species within the sections Fumigati,
Flavi, Nidulantes, Usti, and Terrei be reported as a “species
complex,” for instance, “Aspergillus fumigatus species com-
plex” (5). For the identification of isolates to the species
complex level, as well as for the placement of a species
within a complex, mycologists have historically relied on
characterization of macroscopic and microscopic features.
However, recent studies have demonstrated that the identi-
fication of different species within each of the Aspergillus
species complexes is problematic because of the overlapping
morphological features of these organisms (5).

Molecular studies have revealed the presence of several
cryptic Aspergillus species among isolates identified as a single
morphospecies (4, 16). For instance, A. lentulus was described
in 2005 as a new species within the A. fumigatus complex;
isolates were initially recovered from patients from one med-
ical center in the United States. Subsequently, this species was
isolated from patients in other geographical regions of the
world and from environmental samples (4, 10, 18). Recently,

another cryptic species, A. calidoustus (A. ustus complex), was
described from isolates originally identified as A. ustus; A.
calidoustus is genetically distinct and can grow at higher tem-
peratures, a feature that was distinct from that of A. ustus (16).
Interestingly, members of both of these newly described spe-
cies have high MICs to several antifungal drugs, including
azoles (4, 16). These studies and others have employed com-
parative DNA sequencing-based methods to achieve species
identification of isolates within the species complex. The In-
ternational Society for Human and Animal Mycology-spon-
sored Aspergillus Working Group has recommended the use of
a comparative sequencing-based identification method that
uses the ribosomal internal transcribed spacer (ITS) region for
identification to the species complex level and a protein-coding
locus, such as the "-tubulin region, for the identification of
species within the complex for the identification of Aspergillus
species (5).

We hypothesized that the molecular analysis of aspergilli
collected from the Transplant-Associated Infection Surveil-
lance Network (TRANSNET) would provide a more accurate
description of species within the Aspergillus species complex
and reveal cryptic species that cannot be identified by the use
of morphological methods alone. The present study was de-
signed to characterize the morphologically identified Aspergil-
lus isolates by the use of a two-step molecular format that
included comparative sequence analyses of the ITS and the
"-tubulin regions. In addition, we tested the susceptibilities of
selected Aspergillus isolates to amphotericin B (AMB), itracon-
azole (ITZ), voriconazole (VRZ), and posaconazole (POS).

* Corresponding author. Mailing address: Mycotic Diseases Branch,
Centers for Disease Control and Prevention, Mail Stop G 11, 1600
Clifton Road, Atlanta, GA 30333. Phone: (404) 639-3337. Fax: (404)
639-3546. E-mail: fir3@cdc.gov.
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INTRODUCTION

–   Invasive aspergillosis (IA) is a frequent cause of death in patients with 
haematological malignancies and recipients of allogeneic haematopoietic  
stem cell transplants (allo-HSCT).1,2  

–   Voriconazole, a third-generation triazole, was approved for treatment of  
IA based on results of a prospective, randomised trial in which voriconazole  
was superior to amphotericin B as primary therapy for IA.3  

–   In vitro, animal and clinical observational studies each support the use of 
combination antifungal therapy with voriconazole and an echinocandin to treat IA.4-8  

–   Clinicians are increasingly using combination therapy to treat IA; however, robust 
evidence for the efficacy of combination therapy has so far been unavailable.  

–   Here, we present the results of the first prospective, randomised, double-blind 
clinical trial of combination therapy for IA. 

METHODS

–   This was a prospective, randomised, double-blind clinical trial in allo-HSCT 
recipients and patients with haematological malignancies with proven or 
probable IA according to the European Organization for Research and 
Treatment of Cancer and the Mycoses Study Group consensus criteria.9 

–   Patients were randomised 1:1 to receive either voriconazole plus placebo 
(monotherapy) or voriconazole plus anidulafungin (combination therapy).

–   All subjects received primary therapy with open-label voriconazole (6 mg/kg 
intravenously [IV] every 12 hours on day 1, followed by 4 mg/kg IV every  
12 hours) and blinded anidulafungin (200 mg IV on day 1, followed by  
100 mg IV every 24 hours) or blinded anidulafungin placebo.  

–   Combination therapy was administered for 2–4 weeks; after 2 weeks,  
the investigator could switch to voriconazole monotherapy, to complete  
at least 6 weeks of antifungal treatment.

–   A switch to oral voriconazole (300 mg every 12 hours) was allowed at the 
investigator’s discretion after at least 7 days of IV therapy.  

–   The primary endpoint was overall survival at 6 weeks in patients with proven  
or probable IA confirmed by day 7 (modified intent-to-treat population, MITT).

–   Secondary endpoints included week 6 global response, all-cause mortality  
at 12 weeks, time to death, and safety/tolerability. Global response was a 
composite of clinical and radiological responses, with successful responses 
requiring clinical improvement and !50% radiographic improvement. 

–   A data review committee (DRC), blinded to treatment, assessed entry and final 
diagnosis (possible, probable, proven IA) and outcomes, including global response 
at weeks 2, 4, and 6, and whether death by week 6 was attributable to IA.  

RESULTS

–   Between 9 July 2008 and 8 April 2011, 454 patients were enrolled from  
93 sites in 24 countries, and 277 patients with DRC adjudicated proven  
or probable IA were included in the primary analysis. The two groups had  
similar demographics, underlying conditions, and IA diagnoses (Table 1).

–   Of the 135 patients who received combination therapy, 26 (19.3%) died by  
week 6, compared to 39/142 (27.5%) monotherapy recipients (two-sided 
p=0.09, 95% confidence intervals [CI] -18.99, 1.51; relative risk reduction 
29.9%; number needed to treat to prevent a death 12). Time to death and  
mortality at Week 6 in the MITT population is shown in Figure 1. Differences in 
primary and secondary outcomes, adjusted for randomisation strata, are shown 
in Table 2. 

–   Of the 277 patients in the MITT population, 218 were diagnosed based on a 
positive serum or bronchoalveolar lavage galactomannan (GM) only.  In a 
post-hoc analysis of these patients, 17/108 (15.7%) receiving combination 
therapy died by week 6, compared to 30/110 (27.3%) receiving monotherapy.  
The difference was statistically significant (p<0.05, 95% CI -22.69, -0.41)  
(Figure 2). In the probable and proven cases of IA that were not diagnosed by  
a positive GM, 9/32 patients died in the monotherapy group, compared with 
9/27 patients in the combination group.

–   Global response was higher in monotherapy recipients. Of 135 people in the 
combination arm, 44 (32.6%) were considered to have successful therapy, 
compared to 61 of 142 (43.0%) monotherapy recipients. Interpretation of 
global response between treatment groups was confounded by a large 
proportion of patients (~40%) who were categorised by the DRC as  
‘not evaluable’ (Figure 3).

–   There was no difference in death rates between treatment groups in patients who 
had received an allo-HSCT and those who had not. Mortality rates at 6 weeks in 
the monotherapy arm were 28.6% in allo-HSCT recipients and 27.5% in others; 
in the combination arm, rates were 22.7% and 17.9%, respectively. 

–   All 454 patients who received study treatment were included in the safety  
analysis. Proportions of people who developed adverse events and serious 
adverse events that were considered to be treatment related did not differ 
between arms (Table 3). 

CONCLUSIONS

–   Our study is the first prospective, randomised, double-blind clinical trial  

of combination therapy for IA.

–   The addition of anidulafungin to voriconazole results in a trend towards 

improved overall survival in patients with proven or probable IA diagnosed  

after allo-HSCT or treatment of haematological malignancies. 

–   Results of subgroup analyses demonstrated that the combination  

increased the rate of overall 6-week survival in the subset of patients  

with antigen-diagnosed disease.  This survival difference was  

statistically significant.
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Figure 1.  (a) Kaplan-Meier survival curves for the overall modified intent-to-treat population (MITT) 
(circles represent censored data), and b) overall mortality in the MITT population with p value using 
mortality estimates adjusted for randomisation strata.
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Figure 2.  Outcomes in patients with probable invasive aspergillosis (IA), based on a positive 
bronchoalveolar lavage or serum galactomannan test; a) Kaplan-Meier survival curves (circles 
represent censored data), b) all-cause mortality rate at week 6 with p value using mortality  
estimates adjusted for randomisation strata.

Table 3.  Summary of safety

Voriconazole monotherapy
n (%)

Combination therapy
n (%)

Subjects in safety population 

AEs  All-causality 
   Treatment-related – voriconazole 
   Treatment-related – anidulafungin/placebo

Serious AEs All-causality 
   Treatment-related – voriconazole 
   Treatment-related – anidulafungin/placebo

226

219 (96.9) 
99 (43.8) 
42 (18.6)

104 (46.0) 
12 (5.3) 
8 (3.5)

228

219 (96.1) 
106 (46.5) 
53 (23.2)

115 (50.4) 
20 (8.8) 
11 (4.8)

       All-causality          Treatment-related* –  
        voriconazole

        Treatment-related* –  
     anidulafungin

AEs by system organ class Mono 
n (%)

Combi 
n (%)

Mono 
n (%)

Combi 
n (%)

Mono 
n (%)

Combi  
n (%)

Blood and lymphatic system disorders
Cardiac disorders
Congenital familial and genetic disorders
Ear and labyrinth disorders
Endocrine disorders
Eye disorders
Gastrointestinal disorders
General disorders and administration site conditions
Hepatobiliary disorders
Immune system disorders
Infections and infestations
Injury poisoning and procedural complications
Investigations
Metabolism and nutrition disorders
Musculoskeletal and connective tissue disorders
Neoplasms benign
Nervous system disorders
Psychiatric disorders
Renal and urinary disorders
Reproductive system and breast disorders
Respiratory thoracic and mediastinal disorders
Skin and subcutaneous tissue disorders
Surgical and medical procedures
Vascular disorders

43 (19.0)
45 (19.9)

2 (0.9)
7 (3.1)
1 (0.4)

58 (25.7)
133 (58.8)
127 (56.2)

19 (8.4)
4 (1.8)

99 (43.8)
22 (9.7)
67 (29.6)
82 (36.3)
44 (19.5)
12 (5.3)
63 (27.9)
73 (33.8)
42 (18.6)

4 (1.8)
106 (46.9)
79 (35.0)

0
54 (23.9)

36 (15.8)
43 (18.9)

2 (0.9)
7 (3.1)
4 (1.8)

49 (21.5)
130 (57.0)
120 (52.6)
29 (12.7)

8 (3.5)
105 (46.1)
35 (15.4)
78 (34.2)
91 (39.9)
50 (21.9)
25 (11.0)
65 (28.5)
77 (32.3)
48 (21.1)

3 (1.3)
110 (48.2)
83 (36.4)

1 (0.4)
76 (33.3)

2 (0.9)
2 (0.9)

0
0
-

30 (13.3)
8 (3.5)
6 (2.7)
8 (3.5)
1 (0.4)
3 (1.3)

-
32 (14.2)

4 (1.8)
1 (0.4)

-
7 (3.1)

25 (11.1)
1 (0.4)

-
2 (0.9)

12 (5.3)
-

4 (1.8)

1 (0.4)
5 (2.2)
1 (0.4)
1 (0.4)

-
21 (9.2)
15 (6.6)
5 (2.2)
21 (9.2)

0
2 (0.9)

-
42 (18.4)

9 (3.9)
5 (2.2)

-
14 (6.1)
22 (9.6)
2 (0.9)

-
3 (1.3)
9 (3.9)

-
1 (0.4)

1 (0.4)
1 (0.4)

-
0
-

5 (2.2)
8 (3.5)
1 (0.4)
3 (1.3)

-
3 (1.3)

-
15 (6.6)
5 (2.2)

0
-

1 (0.4)
4 (1.8)

0 
-

1 (0.4)
5 (2.2)

-
3 (1.3)

1 (0.4)
4 (1.8)

-
1 (0.4)

-
2 (0.9)

12 (5.3)
2 (0.9)
8 (3.5)

-
2 (0.9)

-
22 (9.6)
6 (2.6)
3 (1.3)

-
12 (5.3)
3 (1.3)
1 (0.4)

-
3 (1.3)
7 (3.1)

-
3 (1.3)

*AEs were considered to be treatment-related by the investigator

AE, adverse event; mono, monotherapy; combi, combination therapy

Table 1. Patient demographics and baseline characteristics

Variable Voriconazole 
monotherapy

Combination 
therapy

MITT population, n 142 135

Age, years
 Mean
 Range

51.6
18–83

52.2
18–79

Race, n (%)
 White
 Black
 Asian
 Other

98 (69)
3 (2)

35 (25)
6 (4)

99 (73)
3 (2)

31 (23)
1 (2)

Male gender, n (%) 82 (58) 74 (55)

BMI, mean (SD) 24.0 (4.8) 24.0 (5.1)

Host factor, n (%)1

 Allogeneic HCT
 Non-allogeneic HCT/no HCT

42 (30)
100 (70)

44 (33)
91 (67)

HCT type2 – n (%)
 HLA-matched and related
  HLA-mismatched or 

unrelated donor

17 (12)
25 (18)

14 (10) 
30 (21)

Stem cell type,2 n (%)
 Bone marrow
 Peripheral blood
 Cord blood

6 (4)
33 (23)

5 (4)

14 (10)
30 (22)

5 (4)

Conditioning therapy,2 n (%)
 Myeloablative
 Reduced intensity

28 (20)
13 (9)

29 (22)
16 (12)

Underlying diseases, HSCT
 Acute leukaemia
  Acute lymphoblastic  

leukaemia
 Acute myeloid leukaemia
 Aplastic anaemia
  Chronic lymphocytic  

leukaemia
 Chronic myeloid leukaemia
 Lymphoma
 Multiple myeloma
 Myelodysplastic syndrome 
 Myeloproliferative syndrome

45 
0

7 (16) 

16 (36)
4 (9)
1 (2) 

1 (2)
8 (18)
2 (4)
6 (13)

0

49
1 (2)

8 (26) 

22 (45)
0

1 (2) 

4 (8)
5 (10)
4 (8)
2 (4)
2 (4)

Variable Voriconazole 
monotherapy

Combination 
therapy

Underlying diseases, non-HSCT
 Acute leukaemia
  Acute lymphoblastic leukaemia
 Acute myeloid leukaemia
 Aplastic anaemia
  Chronic lymphocytic leukaemia
 Chronic myeloid leukaemia
 Lymphoma
 Multiple myeloma
 Myelodysplastic syndrome
 Myeloproliferative syndrome
 Non haematological

97
2 (2)

19 (20)
43 (44)

1 (1)
8 (8)
1 (1)

13 (13)
3 (3)
7 (7)

0
0

86
1 (1)

12 (14)
47 (55)

1 (1)
5 (6)

0
12 (14)

2 (2)
2 (2)
2 (2)
2 (2)

Neutropenic,3 n (%) 86 (61) 77 (57)

Prolonged steroids4

 Avg. 0.3 mg/kg/day
 Avg. 1.0 mg/kg/day

9 (6)
10 (7)

6 (4)
12 (9)

Treatment with T cell  
immunosuppressants5

17 (12) 22 (16)

Probable IA,6 n (%)
  Histopathology without culture
 Culture or cytology of BAL
 Positive GM only
    Positive BAL GM and serum GM
    Positive serum GM only
    Positive BAL GM only

0
30 (21)

110 (77)
12 (8)

64 (45)
34 (24)

4 (3)
20 (15)
108 (80)

7 (5)
61 (45)
40 (30)

Proven IA, n (%)
 Histopathology with culture
 Culture of tissue
  Histopathology without culture

0
0

2 (1)

1 (1)
2 (1)

0

15 people in combination arm and 3 people in monotherapy arm  
received autologous transplants; 2Among 86 allogeneic HCT recipients;  
3Absolute neutrophil count <500/mm3; 4>3 weeks; 5such as ciclosporin,  
TNF" blockers, specific monoclonal antibodies (such as alemtuzumab),  
or nucleoside analogues, during the past 90 days; 6Data review committee-
adjudicated diagnosis by Day 7

BAL, bronchoalveolar lavage; BMI, body mass index; GM, galactomannan;  
HCT, haematopoietic cell transplantation; HLA, human leukocyte antigen;  
HSCT, haematopoietic stem cell transplantation; IA, invasive aspergillosis;  
MITT, modified intent to-treat; SD, standard deviation

Table 2. Outcomes according to regimen in the modified intent-to-treat population1

Outcome Voriconazole monotherapy Combination therapy p value  95% CI

Death (week 6), n (%) 39 (27.5) 26 (19.3) 0.0868 -19, 1.5

Secondary endpoints
  Death (week 12), n (%)
  Death due to IA (week 6), n (%)
  Global response – success, n (%)
  Complete response
  Partial response
  Stable response
  Failure

55 (39.4)
33 (23.9)
61 (43)
17 (12)
44 (31)

19 (13.4)
7 (4.9)

39 (29.3)
23 (17.3)
44 (32.6)

8 (5.9)
36 (26.7)
26 (19.3)

8 (5.9)

0.0766
0.2058
0.0782

-21.4, 1.09
-15.9, 3.42
-21.6, 1.15

Death, probable IA, n (%)2

  Death, probable IA – GM only3

39 (27.9)
30 (27.3)

24 (18.2)
17 (15.7)

0.0504
0.0372

-20.1, 0.3
-22.7, -0.4

1p values based on two-sided Z test for the difference in response rates, adjusted for randomisation strata, using the normal approximation to the binomial distribution; 
2Calculated from 272 patients with probable IA; 3Calculated from 218 patients with probable IA based on positive GM only

CI, confidence interval; GM, galactomannan; IA, invasive aspergillosis
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INTRODUCTION

–   Invasive aspergillosis (IA) is a frequent cause of death in patients with 
haematological malignancies and recipients of allogeneic haematopoietic  
stem cell transplants (allo-HSCT).1,2  

–   Voriconazole, a third-generation triazole, was approved for treatment of  
IA based on results of a prospective, randomised trial in which voriconazole  
was superior to amphotericin B as primary therapy for IA.3  

–   In vitro, animal and clinical observational studies each support the use of 
combination antifungal therapy with voriconazole and an echinocandin to treat IA.4-8  

–   Clinicians are increasingly using combination therapy to treat IA; however, robust 
evidence for the efficacy of combination therapy has so far been unavailable.  

–   Here, we present the results of the first prospective, randomised, double-blind 
clinical trial of combination therapy for IA. 

METHODS

–   This was a prospective, randomised, double-blind clinical trial in allo-HSCT 
recipients and patients with haematological malignancies with proven or 
probable IA according to the European Organization for Research and 
Treatment of Cancer and the Mycoses Study Group consensus criteria.9 

–   Patients were randomised 1:1 to receive either voriconazole plus placebo 
(monotherapy) or voriconazole plus anidulafungin (combination therapy).

–   All subjects received primary therapy with open-label voriconazole (6 mg/kg 
intravenously [IV] every 12 hours on day 1, followed by 4 mg/kg IV every  
12 hours) and blinded anidulafungin (200 mg IV on day 1, followed by  
100 mg IV every 24 hours) or blinded anidulafungin placebo.  

–   Combination therapy was administered for 2–4 weeks; after 2 weeks,  
the investigator could switch to voriconazole monotherapy, to complete  
at least 6 weeks of antifungal treatment.

–   A switch to oral voriconazole (300 mg every 12 hours) was allowed at the 
investigator’s discretion after at least 7 days of IV therapy.  

–   The primary endpoint was overall survival at 6 weeks in patients with proven  
or probable IA confirmed by day 7 (modified intent-to-treat population, MITT).

–   Secondary endpoints included week 6 global response, all-cause mortality  
at 12 weeks, time to death, and safety/tolerability. Global response was a 
composite of clinical and radiological responses, with successful responses 
requiring clinical improvement and !50% radiographic improvement. 

–   A data review committee (DRC), blinded to treatment, assessed entry and final 
diagnosis (possible, probable, proven IA) and outcomes, including global response 
at weeks 2, 4, and 6, and whether death by week 6 was attributable to IA.  

RESULTS

–   Between 9 July 2008 and 8 April 2011, 454 patients were enrolled from  
93 sites in 24 countries, and 277 patients with DRC adjudicated proven  
or probable IA were included in the primary analysis. The two groups had  
similar demographics, underlying conditions, and IA diagnoses (Table 1).

–   Of the 135 patients who received combination therapy, 26 (19.3%) died by  
week 6, compared to 39/142 (27.5%) monotherapy recipients (two-sided 
p=0.09, 95% confidence intervals [CI] -18.99, 1.51; relative risk reduction 
29.9%; number needed to treat to prevent a death 12). Time to death and  
mortality at Week 6 in the MITT population is shown in Figure 1. Differences in 
primary and secondary outcomes, adjusted for randomisation strata, are shown 
in Table 2. 

–   Of the 277 patients in the MITT population, 218 were diagnosed based on a 
positive serum or bronchoalveolar lavage galactomannan (GM) only.  In a 
post-hoc analysis of these patients, 17/108 (15.7%) receiving combination 
therapy died by week 6, compared to 30/110 (27.3%) receiving monotherapy.  
The difference was statistically significant (p<0.05, 95% CI -22.69, -0.41)  
(Figure 2). In the probable and proven cases of IA that were not diagnosed by  
a positive GM, 9/32 patients died in the monotherapy group, compared with 
9/27 patients in the combination group.

–   Global response was higher in monotherapy recipients. Of 135 people in the 
combination arm, 44 (32.6%) were considered to have successful therapy, 
compared to 61 of 142 (43.0%) monotherapy recipients. Interpretation of 
global response between treatment groups was confounded by a large 
proportion of patients (~40%) who were categorised by the DRC as  
‘not evaluable’ (Figure 3).

–   There was no difference in death rates between treatment groups in patients who 
had received an allo-HSCT and those who had not. Mortality rates at 6 weeks in 
the monotherapy arm were 28.6% in allo-HSCT recipients and 27.5% in others; 
in the combination arm, rates were 22.7% and 17.9%, respectively. 

–   All 454 patients who received study treatment were included in the safety  
analysis. Proportions of people who developed adverse events and serious 
adverse events that were considered to be treatment related did not differ 
between arms (Table 3). 

CONCLUSIONS

–   Our study is the first prospective, randomised, double-blind clinical trial  

of combination therapy for IA.

–   The addition of anidulafungin to voriconazole results in a trend towards 

improved overall survival in patients with proven or probable IA diagnosed  

after allo-HSCT or treatment of haematological malignancies. 

–   Results of subgroup analyses demonstrated that the combination  

increased the rate of overall 6-week survival in the subset of patients  

with antigen-diagnosed disease.  This survival difference was  

statistically significant.
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Figure 1.  (a) Kaplan-Meier survival curves for the overall modified intent-to-treat population (MITT) 
(circles represent censored data), and b) overall mortality in the MITT population with p value using 
mortality estimates adjusted for randomisation strata.
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Figure 2.  Outcomes in patients with probable invasive aspergillosis (IA), based on a positive 
bronchoalveolar lavage or serum galactomannan test; a) Kaplan-Meier survival curves (circles 
represent censored data), b) all-cause mortality rate at week 6 with p value using mortality  
estimates adjusted for randomisation strata.

Table 3.  Summary of safety

Voriconazole monotherapy
n (%)

Combination therapy
n (%)

Subjects in safety population 

AEs  All-causality 
   Treatment-related – voriconazole 
   Treatment-related – anidulafungin/placebo

Serious AEs All-causality 
   Treatment-related – voriconazole 
   Treatment-related – anidulafungin/placebo

226

219 (96.9) 
99 (43.8) 
42 (18.6)

104 (46.0) 
12 (5.3) 
8 (3.5)

228

219 (96.1) 
106 (46.5) 
53 (23.2)

115 (50.4) 
20 (8.8) 
11 (4.8)

       All-causality          Treatment-related* –  
        voriconazole

        Treatment-related* –  
     anidulafungin

AEs by system organ class Mono 
n (%)

Combi 
n (%)

Mono 
n (%)

Combi 
n (%)

Mono 
n (%)

Combi  
n (%)

Blood and lymphatic system disorders
Cardiac disorders
Congenital familial and genetic disorders
Ear and labyrinth disorders
Endocrine disorders
Eye disorders
Gastrointestinal disorders
General disorders and administration site conditions
Hepatobiliary disorders
Immune system disorders
Infections and infestations
Injury poisoning and procedural complications
Investigations
Metabolism and nutrition disorders
Musculoskeletal and connective tissue disorders
Neoplasms benign
Nervous system disorders
Psychiatric disorders
Renal and urinary disorders
Reproductive system and breast disorders
Respiratory thoracic and mediastinal disorders
Skin and subcutaneous tissue disorders
Surgical and medical procedures
Vascular disorders

43 (19.0)
45 (19.9)

2 (0.9)
7 (3.1)
1 (0.4)

58 (25.7)
133 (58.8)
127 (56.2)

19 (8.4)
4 (1.8)

99 (43.8)
22 (9.7)
67 (29.6)
82 (36.3)
44 (19.5)
12 (5.3)
63 (27.9)
73 (33.8)
42 (18.6)

4 (1.8)
106 (46.9)
79 (35.0)

0
54 (23.9)

36 (15.8)
43 (18.9)

2 (0.9)
7 (3.1)
4 (1.8)

49 (21.5)
130 (57.0)
120 (52.6)
29 (12.7)

8 (3.5)
105 (46.1)
35 (15.4)
78 (34.2)
91 (39.9)
50 (21.9)
25 (11.0)
65 (28.5)
77 (32.3)
48 (21.1)

3 (1.3)
110 (48.2)
83 (36.4)

1 (0.4)
76 (33.3)

2 (0.9)
2 (0.9)

0
0
-

30 (13.3)
8 (3.5)
6 (2.7)
8 (3.5)
1 (0.4)
3 (1.3)

-
32 (14.2)

4 (1.8)
1 (0.4)

-
7 (3.1)

25 (11.1)
1 (0.4)

-
2 (0.9)

12 (5.3)
-

4 (1.8)

1 (0.4)
5 (2.2)
1 (0.4)
1 (0.4)

-
21 (9.2)
15 (6.6)
5 (2.2)
21 (9.2)

0
2 (0.9)

-
42 (18.4)

9 (3.9)
5 (2.2)

-
14 (6.1)
22 (9.6)
2 (0.9)

-
3 (1.3)
9 (3.9)

-
1 (0.4)

1 (0.4)
1 (0.4)

-
0
-

5 (2.2)
8 (3.5)
1 (0.4)
3 (1.3)

-
3 (1.3)

-
15 (6.6)
5 (2.2)

0
-

1 (0.4)
4 (1.8)

0 
-

1 (0.4)
5 (2.2)

-
3 (1.3)

1 (0.4)
4 (1.8)

-
1 (0.4)

-
2 (0.9)

12 (5.3)
2 (0.9)
8 (3.5)

-
2 (0.9)

-
22 (9.6)
6 (2.6)
3 (1.3)

-
12 (5.3)
3 (1.3)
1 (0.4)

-
3 (1.3)
7 (3.1)

-
3 (1.3)

*AEs were considered to be treatment-related by the investigator

AE, adverse event; mono, monotherapy; combi, combination therapy

Table 1. Patient demographics and baseline characteristics

Variable Voriconazole 
monotherapy

Combination 
therapy

MITT population, n 142 135

Age, years
 Mean
 Range

51.6
18–83

52.2
18–79

Race, n (%)
 White
 Black
 Asian
 Other

98 (69)
3 (2)

35 (25)
6 (4)

99 (73)
3 (2)

31 (23)
1 (2)

Male gender, n (%) 82 (58) 74 (55)

BMI, mean (SD) 24.0 (4.8) 24.0 (5.1)

Host factor, n (%)1

 Allogeneic HCT
 Non-allogeneic HCT/no HCT

42 (30)
100 (70)

44 (33)
91 (67)

HCT type2 – n (%)
 HLA-matched and related
  HLA-mismatched or 

unrelated donor

17 (12)
25 (18)

14 (10) 
30 (21)

Stem cell type,2 n (%)
 Bone marrow
 Peripheral blood
 Cord blood

6 (4)
33 (23)

5 (4)

14 (10)
30 (22)

5 (4)

Conditioning therapy,2 n (%)
 Myeloablative
 Reduced intensity

28 (20)
13 (9)

29 (22)
16 (12)

Underlying diseases, HSCT
 Acute leukaemia
  Acute lymphoblastic  

leukaemia
 Acute myeloid leukaemia
 Aplastic anaemia
  Chronic lymphocytic  

leukaemia
 Chronic myeloid leukaemia
 Lymphoma
 Multiple myeloma
 Myelodysplastic syndrome 
 Myeloproliferative syndrome

45 
0

7 (16) 

16 (36)
4 (9)
1 (2) 

1 (2)
8 (18)
2 (4)
6 (13)

0

49
1 (2)

8 (26) 

22 (45)
0

1 (2) 

4 (8)
5 (10)
4 (8)
2 (4)
2 (4)

Variable Voriconazole 
monotherapy

Combination 
therapy

Underlying diseases, non-HSCT
 Acute leukaemia
  Acute lymphoblastic leukaemia
 Acute myeloid leukaemia
 Aplastic anaemia
  Chronic lymphocytic leukaemia
 Chronic myeloid leukaemia
 Lymphoma
 Multiple myeloma
 Myelodysplastic syndrome
 Myeloproliferative syndrome
 Non haematological

97
2 (2)

19 (20)
43 (44)

1 (1)
8 (8)
1 (1)

13 (13)
3 (3)
7 (7)

0
0

86
1 (1)

12 (14)
47 (55)

1 (1)
5 (6)

0
12 (14)

2 (2)
2 (2)
2 (2)
2 (2)

Neutropenic,3 n (%) 86 (61) 77 (57)

Prolonged steroids4

 Avg. 0.3 mg/kg/day
 Avg. 1.0 mg/kg/day

9 (6)
10 (7)

6 (4)
12 (9)

Treatment with T cell  
immunosuppressants5

17 (12) 22 (16)

Probable IA,6 n (%)
  Histopathology without culture
 Culture or cytology of BAL
 Positive GM only
    Positive BAL GM and serum GM
    Positive serum GM only
    Positive BAL GM only

0
30 (21)

110 (77)
12 (8)

64 (45)
34 (24)

4 (3)
20 (15)
108 (80)

7 (5)
61 (45)
40 (30)

Proven IA, n (%)
 Histopathology with culture
 Culture of tissue
  Histopathology without culture

0
0

2 (1)

1 (1)
2 (1)

0

15 people in combination arm and 3 people in monotherapy arm  
received autologous transplants; 2Among 86 allogeneic HCT recipients;  
3Absolute neutrophil count <500/mm3; 4>3 weeks; 5such as ciclosporin,  
TNF" blockers, specific monoclonal antibodies (such as alemtuzumab),  
or nucleoside analogues, during the past 90 days; 6Data review committee-
adjudicated diagnosis by Day 7

BAL, bronchoalveolar lavage; BMI, body mass index; GM, galactomannan;  
HCT, haematopoietic cell transplantation; HLA, human leukocyte antigen;  
HSCT, haematopoietic stem cell transplantation; IA, invasive aspergillosis;  
MITT, modified intent to-treat; SD, standard deviation

Table 2. Outcomes according to regimen in the modified intent-to-treat population1

Outcome Voriconazole monotherapy Combination therapy p value  95% CI

Death (week 6), n (%) 39 (27.5) 26 (19.3) 0.0868 -19, 1.5

Secondary endpoints
  Death (week 12), n (%)
  Death due to IA (week 6), n (%)
  Global response – success, n (%)
  Complete response
  Partial response
  Stable response
  Failure

55 (39.4)
33 (23.9)
61 (43)
17 (12)
44 (31)

19 (13.4)
7 (4.9)

39 (29.3)
23 (17.3)
44 (32.6)

8 (5.9)
36 (26.7)
26 (19.3)

8 (5.9)

0.0766
0.2058
0.0782

-21.4, 1.09
-15.9, 3.42
-21.6, 1.15

Death, probable IA, n (%)2

  Death, probable IA – GM only3

39 (27.9)
30 (27.3)

24 (18.2)
17 (15.7)

0.0504
0.0372

-20.1, 0.3
-22.7, -0.4

1p values based on two-sided Z test for the difference in response rates, adjusted for randomisation strata, using the normal approximation to the binomial distribution; 
2Calculated from 272 patients with probable IA; 3Calculated from 218 patients with probable IA based on positive GM only

CI, confidence interval; GM, galactomannan; IA, invasive aspergillosis
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A randomised, double-blind study of combination antifungal therapy  
with voriconazole and anidulafungin versus voriconazole monotherapy  

for primary treatment of invasive aspergillosis
Kieren A. Marr,1 Haran Schlamm,2 Scott T. Rottinghaus,2 Shyla Jagannatha,2 Eric J. Bow,3 John R. Wingard,4  
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1Johns Hopkins University School of Medicine, Baltimore, MD, USA; 2Pfizer Inc, New York, NY, USA; 3CancerCare Manitoba, University of Manitoba, Winnipeg, Canada;  
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INTRODUCTION

–   Invasive aspergillosis (IA) is a frequent cause of death in patients with 
haematological malignancies and recipients of allogeneic haematopoietic  
stem cell transplants (allo-HSCT).1,2  

–   Voriconazole, a third-generation triazole, was approved for treatment of  
IA based on results of a prospective, randomised trial in which voriconazole  
was superior to amphotericin B as primary therapy for IA.3  

–   In vitro, animal and clinical observational studies each support the use of 
combination antifungal therapy with voriconazole and an echinocandin to treat IA.4-8  

–   Clinicians are increasingly using combination therapy to treat IA; however, robust 
evidence for the efficacy of combination therapy has so far been unavailable.  

–   Here, we present the results of the first prospective, randomised, double-blind 
clinical trial of combination therapy for IA. 

METHODS

–   This was a prospective, randomised, double-blind clinical trial in allo-HSCT 
recipients and patients with haematological malignancies with proven or 
probable IA according to the European Organization for Research and 
Treatment of Cancer and the Mycoses Study Group consensus criteria.9 

–   Patients were randomised 1:1 to receive either voriconazole plus placebo 
(monotherapy) or voriconazole plus anidulafungin (combination therapy).

–   All subjects received primary therapy with open-label voriconazole (6 mg/kg 
intravenously [IV] every 12 hours on day 1, followed by 4 mg/kg IV every  
12 hours) and blinded anidulafungin (200 mg IV on day 1, followed by  
100 mg IV every 24 hours) or blinded anidulafungin placebo.  

–   Combination therapy was administered for 2–4 weeks; after 2 weeks,  
the investigator could switch to voriconazole monotherapy, to complete  
at least 6 weeks of antifungal treatment.

–   A switch to oral voriconazole (300 mg every 12 hours) was allowed at the 
investigator’s discretion after at least 7 days of IV therapy.  

–   The primary endpoint was overall survival at 6 weeks in patients with proven  
or probable IA confirmed by day 7 (modified intent-to-treat population, MITT).

–   Secondary endpoints included week 6 global response, all-cause mortality  
at 12 weeks, time to death, and safety/tolerability. Global response was a 
composite of clinical and radiological responses, with successful responses 
requiring clinical improvement and !50% radiographic improvement. 

–   A data review committee (DRC), blinded to treatment, assessed entry and final 
diagnosis (possible, probable, proven IA) and outcomes, including global response 
at weeks 2, 4, and 6, and whether death by week 6 was attributable to IA.  

RESULTS

–   Between 9 July 2008 and 8 April 2011, 454 patients were enrolled from  
93 sites in 24 countries, and 277 patients with DRC adjudicated proven  
or probable IA were included in the primary analysis. The two groups had  
similar demographics, underlying conditions, and IA diagnoses (Table 1).

–   Of the 135 patients who received combination therapy, 26 (19.3%) died by  
week 6, compared to 39/142 (27.5%) monotherapy recipients (two-sided 
p=0.09, 95% confidence intervals [CI] -18.99, 1.51; relative risk reduction 
29.9%; number needed to treat to prevent a death 12). Time to death and  
mortality at Week 6 in the MITT population is shown in Figure 1. Differences in 
primary and secondary outcomes, adjusted for randomisation strata, are shown 
in Table 2. 

–   Of the 277 patients in the MITT population, 218 were diagnosed based on a 
positive serum or bronchoalveolar lavage galactomannan (GM) only.  In a 
post-hoc analysis of these patients, 17/108 (15.7%) receiving combination 
therapy died by week 6, compared to 30/110 (27.3%) receiving monotherapy.  
The difference was statistically significant (p<0.05, 95% CI -22.69, -0.41)  
(Figure 2). In the probable and proven cases of IA that were not diagnosed by  
a positive GM, 9/32 patients died in the monotherapy group, compared with 
9/27 patients in the combination group.

–   Global response was higher in monotherapy recipients. Of 135 people in the 
combination arm, 44 (32.6%) were considered to have successful therapy, 
compared to 61 of 142 (43.0%) monotherapy recipients. Interpretation of 
global response between treatment groups was confounded by a large 
proportion of patients (~40%) who were categorised by the DRC as  
‘not evaluable’ (Figure 3).

–   There was no difference in death rates between treatment groups in patients who 
had received an allo-HSCT and those who had not. Mortality rates at 6 weeks in 
the monotherapy arm were 28.6% in allo-HSCT recipients and 27.5% in others; 
in the combination arm, rates were 22.7% and 17.9%, respectively. 

–   All 454 patients who received study treatment were included in the safety  
analysis. Proportions of people who developed adverse events and serious 
adverse events that were considered to be treatment related did not differ 
between arms (Table 3). 

CONCLUSIONS

–   Our study is the first prospective, randomised, double-blind clinical trial  

of combination therapy for IA.

–   The addition of anidulafungin to voriconazole results in a trend towards 

improved overall survival in patients with proven or probable IA diagnosed  

after allo-HSCT or treatment of haematological malignancies. 

–   Results of subgroup analyses demonstrated that the combination  

increased the rate of overall 6-week survival in the subset of patients  

with antigen-diagnosed disease.  This survival difference was  

statistically significant.
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Figure 1.  (a) Kaplan-Meier survival curves for the overall modified intent-to-treat population (MITT) 
(circles represent censored data), and b) overall mortality in the MITT population with p value using 
mortality estimates adjusted for randomisation strata.
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Figure 3.  Data review committee assessment of global response between treatment groups.
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Figure 2.  Outcomes in patients with probable invasive aspergillosis (IA), based on a positive 
bronchoalveolar lavage or serum galactomannan test; a) Kaplan-Meier survival curves (circles 
represent censored data), b) all-cause mortality rate at week 6 with p value using mortality  
estimates adjusted for randomisation strata.

Table 3.  Summary of safety

Voriconazole monotherapy
n (%)

Combination therapy
n (%)

Subjects in safety population 

AEs  All-causality 
   Treatment-related – voriconazole 
   Treatment-related – anidulafungin/placebo

Serious AEs All-causality 
   Treatment-related – voriconazole 
   Treatment-related – anidulafungin/placebo

226

219 (96.9) 
99 (43.8) 
42 (18.6)

104 (46.0) 
12 (5.3) 
8 (3.5)

228

219 (96.1) 
106 (46.5) 
53 (23.2)

115 (50.4) 
20 (8.8) 
11 (4.8)

       All-causality          Treatment-related* –  
        voriconazole

        Treatment-related* –  
     anidulafungin

AEs by system organ class Mono 
n (%)

Combi 
n (%)

Mono 
n (%)

Combi 
n (%)

Mono 
n (%)

Combi  
n (%)

Blood and lymphatic system disorders
Cardiac disorders
Congenital familial and genetic disorders
Ear and labyrinth disorders
Endocrine disorders
Eye disorders
Gastrointestinal disorders
General disorders and administration site conditions
Hepatobiliary disorders
Immune system disorders
Infections and infestations
Injury poisoning and procedural complications
Investigations
Metabolism and nutrition disorders
Musculoskeletal and connective tissue disorders
Neoplasms benign
Nervous system disorders
Psychiatric disorders
Renal and urinary disorders
Reproductive system and breast disorders
Respiratory thoracic and mediastinal disorders
Skin and subcutaneous tissue disorders
Surgical and medical procedures
Vascular disorders

43 (19.0)
45 (19.9)

2 (0.9)
7 (3.1)
1 (0.4)

58 (25.7)
133 (58.8)
127 (56.2)

19 (8.4)
4 (1.8)

99 (43.8)
22 (9.7)
67 (29.6)
82 (36.3)
44 (19.5)
12 (5.3)
63 (27.9)
73 (33.8)
42 (18.6)

4 (1.8)
106 (46.9)
79 (35.0)

0
54 (23.9)

36 (15.8)
43 (18.9)

2 (0.9)
7 (3.1)
4 (1.8)

49 (21.5)
130 (57.0)
120 (52.6)
29 (12.7)

8 (3.5)
105 (46.1)
35 (15.4)
78 (34.2)
91 (39.9)
50 (21.9)
25 (11.0)
65 (28.5)
77 (32.3)
48 (21.1)

3 (1.3)
110 (48.2)
83 (36.4)

1 (0.4)
76 (33.3)

2 (0.9)
2 (0.9)

0
0
-

30 (13.3)
8 (3.5)
6 (2.7)
8 (3.5)
1 (0.4)
3 (1.3)

-
32 (14.2)

4 (1.8)
1 (0.4)

-
7 (3.1)

25 (11.1)
1 (0.4)

-
2 (0.9)

12 (5.3)
-

4 (1.8)

1 (0.4)
5 (2.2)
1 (0.4)
1 (0.4)

-
21 (9.2)
15 (6.6)
5 (2.2)
21 (9.2)

0
2 (0.9)

-
42 (18.4)

9 (3.9)
5 (2.2)

-
14 (6.1)
22 (9.6)
2 (0.9)

-
3 (1.3)
9 (3.9)

-
1 (0.4)

1 (0.4)
1 (0.4)

-
0
-

5 (2.2)
8 (3.5)
1 (0.4)
3 (1.3)

-
3 (1.3)

-
15 (6.6)
5 (2.2)

0
-

1 (0.4)
4 (1.8)

0 
-

1 (0.4)
5 (2.2)

-
3 (1.3)

1 (0.4)
4 (1.8)

-
1 (0.4)

-
2 (0.9)

12 (5.3)
2 (0.9)
8 (3.5)

-
2 (0.9)

-
22 (9.6)
6 (2.6)
3 (1.3)

-
12 (5.3)
3 (1.3)
1 (0.4)

-
3 (1.3)
7 (3.1)

-
3 (1.3)

*AEs were considered to be treatment-related by the investigator

AE, adverse event; mono, monotherapy; combi, combination therapy

Table 1. Patient demographics and baseline characteristics

Variable Voriconazole 
monotherapy

Combination 
therapy

MITT population, n 142 135

Age, years
 Mean
 Range

51.6
18–83

52.2
18–79

Race, n (%)
 White
 Black
 Asian
 Other

98 (69)
3 (2)

35 (25)
6 (4)

99 (73)
3 (2)

31 (23)
1 (2)

Male gender, n (%) 82 (58) 74 (55)

BMI, mean (SD) 24.0 (4.8) 24.0 (5.1)

Host factor, n (%)1

 Allogeneic HCT
 Non-allogeneic HCT/no HCT

42 (30)
100 (70)

44 (33)
91 (67)

HCT type2 – n (%)
 HLA-matched and related
  HLA-mismatched or 

unrelated donor

17 (12)
25 (18)

14 (10) 
30 (21)

Stem cell type,2 n (%)
 Bone marrow
 Peripheral blood
 Cord blood

6 (4)
33 (23)

5 (4)

14 (10)
30 (22)

5 (4)

Conditioning therapy,2 n (%)
 Myeloablative
 Reduced intensity

28 (20)
13 (9)

29 (22)
16 (12)

Underlying diseases, HSCT
 Acute leukaemia
  Acute lymphoblastic  

leukaemia
 Acute myeloid leukaemia
 Aplastic anaemia
  Chronic lymphocytic  

leukaemia
 Chronic myeloid leukaemia
 Lymphoma
 Multiple myeloma
 Myelodysplastic syndrome 
 Myeloproliferative syndrome

45 
0

7 (16) 

16 (36)
4 (9)
1 (2) 

1 (2)
8 (18)
2 (4)
6 (13)

0

49
1 (2)

8 (26) 

22 (45)
0

1 (2) 

4 (8)
5 (10)
4 (8)
2 (4)
2 (4)

Variable Voriconazole 
monotherapy

Combination 
therapy

Underlying diseases, non-HSCT
 Acute leukaemia
  Acute lymphoblastic leukaemia
 Acute myeloid leukaemia
 Aplastic anaemia
  Chronic lymphocytic leukaemia
 Chronic myeloid leukaemia
 Lymphoma
 Multiple myeloma
 Myelodysplastic syndrome
 Myeloproliferative syndrome
 Non haematological

97
2 (2)

19 (20)
43 (44)

1 (1)
8 (8)
1 (1)

13 (13)
3 (3)
7 (7)

0
0

86
1 (1)

12 (14)
47 (55)

1 (1)
5 (6)

0
12 (14)

2 (2)
2 (2)
2 (2)
2 (2)

Neutropenic,3 n (%) 86 (61) 77 (57)

Prolonged steroids4

 Avg. 0.3 mg/kg/day
 Avg. 1.0 mg/kg/day

9 (6)
10 (7)

6 (4)
12 (9)

Treatment with T cell  
immunosuppressants5

17 (12) 22 (16)

Probable IA,6 n (%)
  Histopathology without culture
 Culture or cytology of BAL
 Positive GM only
    Positive BAL GM and serum GM
    Positive serum GM only
    Positive BAL GM only

0
30 (21)

110 (77)
12 (8)

64 (45)
34 (24)

4 (3)
20 (15)
108 (80)

7 (5)
61 (45)
40 (30)

Proven IA, n (%)
 Histopathology with culture
 Culture of tissue
  Histopathology without culture

0
0

2 (1)

1 (1)
2 (1)

0

15 people in combination arm and 3 people in monotherapy arm  
received autologous transplants; 2Among 86 allogeneic HCT recipients;  
3Absolute neutrophil count <500/mm3; 4>3 weeks; 5such as ciclosporin,  
TNF" blockers, specific monoclonal antibodies (such as alemtuzumab),  
or nucleoside analogues, during the past 90 days; 6Data review committee-
adjudicated diagnosis by Day 7

BAL, bronchoalveolar lavage; BMI, body mass index; GM, galactomannan;  
HCT, haematopoietic cell transplantation; HLA, human leukocyte antigen;  
HSCT, haematopoietic stem cell transplantation; IA, invasive aspergillosis;  
MITT, modified intent to-treat; SD, standard deviation

Table 2. Outcomes according to regimen in the modified intent-to-treat population1

Outcome Voriconazole monotherapy Combination therapy p value  95% CI

Death (week 6), n (%) 39 (27.5) 26 (19.3) 0.0868 -19, 1.5

Secondary endpoints
  Death (week 12), n (%)
  Death due to IA (week 6), n (%)
  Global response – success, n (%)
  Complete response
  Partial response
  Stable response
  Failure

55 (39.4)
33 (23.9)
61 (43)
17 (12)
44 (31)

19 (13.4)
7 (4.9)

39 (29.3)
23 (17.3)
44 (32.6)

8 (5.9)
36 (26.7)
26 (19.3)

8 (5.9)

0.0766
0.2058
0.0782

-21.4, 1.09
-15.9, 3.42
-21.6, 1.15

Death, probable IA, n (%)2

  Death, probable IA – GM only3

39 (27.9)
30 (27.3)

24 (18.2)
17 (15.7)

0.0504
0.0372

-20.1, 0.3
-22.7, -0.4

1p values based on two-sided Z test for the difference in response rates, adjusted for randomisation strata, using the normal approximation to the binomial distribution; 
2Calculated from 272 patients with probable IA; 3Calculated from 218 patients with probable IA based on positive GM only

CI, confidence interval; GM, galactomannan; IA, invasive aspergillosis

•  227	
  paDents	
  with	
  proven/probable	
  IA	
  
ü 218	
  were	
  diagnosed	
  based	
  on	
  GM	
  only	
  	
  
ü No	
  sequencing	
  results	
  were	
  reported	
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A population-based survey was conducted to investigate the epidemiology of and antifungal resistance in Spanish clinical strains
of filamentous fungi isolated from deep tissue samples, blood cultures, and respiratory samples. The study was conducted in two
different periods (October 2010 and May 2011) to analyze seasonal variations. A total of 325 strains were isolated in 29 different
hospitals. The average prevalence was 0.0016/1,000 inhabitants. Strains were identified by sequencing of DNA targets and sus-
ceptibility testing by the European Committee for Antimicrobial Susceptibility Testing reference procedure. The most fre-
quently isolated genus was Aspergillus, accounting for 86.3% of the isolates, followed by Scedosporium at 4.7%; the order Muco-
rales at 2.5%; Penicillium at 2.2%, and Fusarium at 1.2%. The most frequent species was Aspergillus fumigatus (48.5%), followed
by A. flavus (8.4%), A. terreus (8.1%), A. tubingensis (6.8%), and A. niger (6.5%). Cryptic/sibling Aspergillus species accounted for
12% of the cases. Resistance to amphotericin B was found in 10.8% of the isolates tested, while extended-spectrum triazole resis-
tance ranged from 10 to 12.7%, depending on the azole tested. Antifungal resistance was more common among emerging species
such as those of Scedosporium and Mucorales and also among cryptic species of Aspergillus, with 40% of these isolates showing
resistance to all of the antifungal compounds tested. Cryptic Aspergillus species seem to be underestimated, and their correct
classification could be clinically relevant. The performance of antifungal susceptibility testing of the strains implicated in deep
infections and multicentric studies is recommended to evaluate the incidence of these cryptic species in other geographic areas.

The number of fungal pathogenic species has increased signifi-
cantly in recent years (1, 2). The increase in the size of the

population at risk of fungal infections and the advances in diag-
nostic tools have been pointed out as possible reasons for this
increase. As the population at risk is expected to keep growing in
the coming years, the interest in the epidemiology of fungal infec-
tions and the taxonomy of the relevant fungi is also increasing.
The use of molecular tools for fungal identification has allowed a
deeper study of pathogenic fungal genetics, and as a consequence,
several species have been revealed to be species complexes (3–5).
They are formed by species that are almost indistinguishable by
morphological methods; hence, they have been designated cryptic
species. Therefore, classical identification methods that rely on
phenotypic characteristics are no longer suitable for strain classi-
fication and the use of molecular tools is continuously yielding
descriptions of new taxa (3, 6, 7).

Some of these species have already been found in clinical sam-
ples, but their prevalence and relevance in the clinical setting are
still unknown. Several studies on the epidemiology of yeast infec-
tions have been published (8–10), but the limited available data on
molds are based mainly on retrospective studies or deal only with
specific groups of molds (11–14). In addition, according to some
clinical trials, 50 to 75% of the patients enrolled are diagnosed by
the microscopic examination of tissues or by the detection of fun-
gal components, which means that the species causing the infec-
tion is never known in a significant number of cases (15, 16).
However, the prevalence of rare, emerging, cryptic, and sibling
species seems to be rising. Species of genera such as Scedosporium
and Fusarium could cause 5 to 10% of the deep mycoses in some
geographic areas (17, 18). Recently, the frequency of cryptic spe-
cies of molds has been analyzed in two studies of transplant pa-
tients in the United States (19, 20). To our knowledge, the preva-

lence of these species has not being studied in Europe so far. In
addition, some of these cryptic species, such as Aspergillus lentulus
and A. calidoustus, are more resistant to the antifungal drugs avail-
able (3, 6), highlighting the importance of correct identification.
Moreover, some studies have pointed out the emergence of sec-
ondary resistance in Aspergillus species in Europe (21, 22), but its
prevalence in Spain has not been investigated yet.

In this study, we analyzed the species distribution and preva-
lence of antifungal drug resistance in Spain through a multicenter
prospective study involving 29 hospitals in different regions of
Spain.

(This study was presented in part at the 52nd Interscience Con-
ference on Antimicrobial Agents and Chemotherapy in San Fran-
cisco, CA, September 2012, abstr. M-321.)

MATERIALS AND METHODS
Strains. This study was conducted prospectively in two different seasons,
fall (October 2010) and spring (May 2011). We included all of the patients
admitted to 29 Spanish hospitals who were culture positive for filamen-
tous fungi on the basis of respiratory samples, blood cultures, or biopsy
specimens. The strains were sent to the Spanish National Center of Mi-
crobiology for identification and susceptibility testing. A referral form was
filled out for each isolate and included demographic and clinical data.
Strains were classified as colonizers or as being of clinical relevance
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A population-based survey was conducted to investigate the epidemiology of and antifungal resistance in Spanish clinical strains
of filamentous fungi isolated from deep tissue samples, blood cultures, and respiratory samples. The study was conducted in two
different periods (October 2010 and May 2011) to analyze seasonal variations. A total of 325 strains were isolated in 29 different
hospitals. The average prevalence was 0.0016/1,000 inhabitants. Strains were identified by sequencing of DNA targets and sus-
ceptibility testing by the European Committee for Antimicrobial Susceptibility Testing reference procedure. The most fre-
quently isolated genus was Aspergillus, accounting for 86.3% of the isolates, followed by Scedosporium at 4.7%; the order Muco-
rales at 2.5%; Penicillium at 2.2%, and Fusarium at 1.2%. The most frequent species was Aspergillus fumigatus (48.5%), followed
by A. flavus (8.4%), A. terreus (8.1%), A. tubingensis (6.8%), and A. niger (6.5%). Cryptic/sibling Aspergillus species accounted for
12% of the cases. Resistance to amphotericin B was found in 10.8% of the isolates tested, while extended-spectrum triazole resis-
tance ranged from 10 to 12.7%, depending on the azole tested. Antifungal resistance was more common among emerging species
such as those of Scedosporium and Mucorales and also among cryptic species of Aspergillus, with 40% of these isolates showing
resistance to all of the antifungal compounds tested. Cryptic Aspergillus species seem to be underestimated, and their correct
classification could be clinically relevant. The performance of antifungal susceptibility testing of the strains implicated in deep
infections and multicentric studies is recommended to evaluate the incidence of these cryptic species in other geographic areas.

The number of fungal pathogenic species has increased signifi-
cantly in recent years (1, 2). The increase in the size of the

population at risk of fungal infections and the advances in diag-
nostic tools have been pointed out as possible reasons for this
increase. As the population at risk is expected to keep growing in
the coming years, the interest in the epidemiology of fungal infec-
tions and the taxonomy of the relevant fungi is also increasing.
The use of molecular tools for fungal identification has allowed a
deeper study of pathogenic fungal genetics, and as a consequence,
several species have been revealed to be species complexes (3–5).
They are formed by species that are almost indistinguishable by
morphological methods; hence, they have been designated cryptic
species. Therefore, classical identification methods that rely on
phenotypic characteristics are no longer suitable for strain classi-
fication and the use of molecular tools is continuously yielding
descriptions of new taxa (3, 6, 7).

Some of these species have already been found in clinical sam-
ples, but their prevalence and relevance in the clinical setting are
still unknown. Several studies on the epidemiology of yeast infec-
tions have been published (8–10), but the limited available data on
molds are based mainly on retrospective studies or deal only with
specific groups of molds (11–14). In addition, according to some
clinical trials, 50 to 75% of the patients enrolled are diagnosed by
the microscopic examination of tissues or by the detection of fun-
gal components, which means that the species causing the infec-
tion is never known in a significant number of cases (15, 16).
However, the prevalence of rare, emerging, cryptic, and sibling
species seems to be rising. Species of genera such as Scedosporium
and Fusarium could cause 5 to 10% of the deep mycoses in some
geographic areas (17, 18). Recently, the frequency of cryptic spe-
cies of molds has been analyzed in two studies of transplant pa-
tients in the United States (19, 20). To our knowledge, the preva-

lence of these species has not being studied in Europe so far. In
addition, some of these cryptic species, such as Aspergillus lentulus
and A. calidoustus, are more resistant to the antifungal drugs avail-
able (3, 6), highlighting the importance of correct identification.
Moreover, some studies have pointed out the emergence of sec-
ondary resistance in Aspergillus species in Europe (21, 22), but its
prevalence in Spain has not been investigated yet.

In this study, we analyzed the species distribution and preva-
lence of antifungal drug resistance in Spain through a multicenter
prospective study involving 29 hospitals in different regions of
Spain.

(This study was presented in part at the 52nd Interscience Con-
ference on Antimicrobial Agents and Chemotherapy in San Fran-
cisco, CA, September 2012, abstr. M-321.)

MATERIALS AND METHODS
Strains. This study was conducted prospectively in two different seasons,
fall (October 2010) and spring (May 2011). We included all of the patients
admitted to 29 Spanish hospitals who were culture positive for filamen-
tous fungi on the basis of respiratory samples, blood cultures, or biopsy
specimens. The strains were sent to the Spanish National Center of Mi-
crobiology for identification and susceptibility testing. A referral form was
filled out for each isolate and included demographic and clinical data.
Strains were classified as colonizers or as being of clinical relevance
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evance in 8/12 cases (66%) and as colonizers in the other 4. This
difference was close to statistical significance (P ! 0.04). Of the 13
cases of proven infections, most were caused by Aspergillus species
but Mucorales isolates were found in two cases of sino-orbital
infections, Fusarium oxysporum was isolated from the blood of a
cirrhotic patient suffering from fungemia, and Scopulariopsis
brevicaulis was isolated from a cardiac valve.

The species distribution is showed in Table 2. The most fre-
quent species was Aspergillus fumigatus with 156 isolates (48.5%),
followed by Aspergillus flavus with 27 isolates (8.4%), Aspergillus
terreus with 26 isolates (8.1%), Aspergillus tubingensis with 22 iso-
lates (6.8%), and Aspergillus niger with 21 isolates (6.5%). The rest
of the species had fewer than 10 isolates. The low number of iso-
lates of most of the species precludes statistical analysis, but some
findings can be noted. First, some species were more frequently
considered to be of clinical relevance than to be colonizers, but
only in the cases of A. terreus, A. nidulans, and Rhizopus arrhizus
(synonym, Rhizopus oryzae) was that difference significant (P "
0.01). Table 2 also shows the distribution of fungal species by
study period (October versus May). Some species, such as A. tub-
ingensis, A. niger, and R. arrhizus, were more frequently isolated in
October 2010 than in May 2011, unlike Aspergillus calidoustus,
Aspergillus alliaceus, Scedosporium boydii, and Scedosporium
apiospermum, which were collected more commonly in May 2011.
In order to avoid bias from centers, an analysis of species distri-
bution by participant was done. No significant differences were
observed, and outbreaks due to a specific species in the study pe-
riods were not reported. A. fumigatus was the most common fun-
gal species in all of the participants, followed by other Aspergillus
species, Scedosporium species, and members of the order Muco-
rales.

The identification of organisms by PCR amplification and
DNA sequencing allowed us to detect cryptic or sibling fungal
species (Table 2). Regarding complexes of Aspergillus species, of
the total of 278 Aspergillus isolates, 40 (14.5%) were classified as
cryptic species. The Aspergillus section Fumigati included 162
strains of which 6 (3.7%) were non-A. fumigatus sensu stricto, i.e.,
3 of Aspergillus lentulus, 1 of Aspergillus viridinutans, 1 of Aspergil-
lus fumigatiaffinis, and 1 of Neosartorya pseudofischeri. Aspergillus
section Flavi was represented by 30 strains, 27 of A. flavus and 3 of
A. alliaceus. Aspergillus section Nigri included 22 A. tubingensis

and 21 A. niger strains. Aspergillus section Terrei included 26 A.
terreus strains and 1 Aspergillus carneus strain. Aspergillus section
Nidulantes included 8 A. nidulans strains. Other Aspergillus sec-
tions, such us Usti (4 A. calidoustus strains, 1 Aspergillus insuetus
strain, and 1 Aspergillus keveii strain), Versicolores (1 Aspergillus
sydowii strain), and Circumdati (1 Aspergillus westerdijkiae strain),
were also represented.

Table 3 shows the geometric mean MICs, MIC ranges, MIC50s
(MICs causing inhibition of 50% of the isolates tested), MIC90s,
and MIC modes for the species isolated in this study. Only data for
species represented by three or more isolates are displayed. In vitro
resistance was uncommon among the most frequently recovered
species. According to EUCAST breakpoints, resistance to ampho-
tericin B was found in 35/322 (10.8%) isolates, resistance to itra-
conazole was found in 32/322 (10%), resistance to voriconazole
was found in 36/322 (11.2%), and resistance to posaconazole was
found in 41/322 (12.7%). In vitro resistance was more common
among rare and emerging species, and multiresistant isolates were
isolated in some cases.

No A. fumigatus isolate was resistant in vitro to amphotericin B,
itraconazole, and voriconazole. One A. fumigatus strain showed a
MIC of posaconazole of 0.50 mg/liter. Other taxa belonging to the
genus Aspergillus showed some level of resistance in vitro (Table
4). Four (14.8%) of 27 A. flavus and 7 (27%) of 26 A. terreus
isolates were resistant to amphotericin B. Of the 40 cryptic/sibling
strains of Aspergillus species complexes, 16 (40%) were resistant in
vitro to at least one antifungal compound. All of the A. lentulus
strains were resistant to itraconazole, all of the A. calidoustus

TABLE 2 Species isolated and number of strains by study period
(October versus May)

Species

No. (%) of strains

October 2010 May 2011 Total

Aspergillus fumigatus 98 (47.6) 58 (50.0) 156 (48.5)
Aspergillus flavus 18 (8.74) 9 (7.76) 27 (8.39)
Aspergillus terreus 18 (8.74) 8 (6.90) 26 (8.07)
Aspergillus tubingensis 21 (10.2) 1 (0.86) 22 (6.83)
Aspergillus niger 17 (8.25) 4 (3.45) 21 (6.52)
Aspergillus nidulans 5 (2.43) 3 (2.59) 8 (2.48)
Rhizopus arrhizus 6 (2.91) 1 (0.86) 7 (2.17)
Scedosporium boydii 1 (0.49) 5 (4.31) 6 (1.86)
Aspergillus speciesa 9 (4.37) 9 (7.76) 17 (5.28)
Scedosporium speciesb 4 (1.94) 5 (4.31) 9 (2.80)
Penicillium speciesc 1 (0.49) 5 (4.31) 6 (1.86)
Fusarium speciesd 1 (0.49) 3 (2.59) 4 (1.24)
Mucorales speciese 4 (1.94) 1 (0.86) 5 (1.55)
Otherf 3 (1.46) 4 (3.45) 7 (2.17)

Total 206 (100.00) 116 (100.00) 322 (100.00)
a The Aspergillus species isolated included A. alliaceus, A. calidoustus, A. carneus, A.
fumigatiaffinis, A. insuetus, A. keveii, A. lentulus, A. sygowii, A. viridinutans, A.
weterdijkiae, and N. pseudofischeri.
b The Scedosporium species isolated included S. apiospermum, S. aurantiacum, and S.
prolificans.
c The Penicillium species isolated included P. chrysogenum, P. glabrum, P. cetrinum, and
P. minioluteum.
d The Fusarium species isolated included F. oxysporum, F. proliferatum, and F. solani.
e The Mucorales species isolated included Lichtheimia ramosa, L. corymbifera, Rhizopus
microsporus, and Rhizomucor pusillus.
f The other species isolated included Arthrinium species, Cladosporium species,
Eupenicillium javanicum, Phialemonium curvatum, Psathyrella candolleana,
Purpureocillium lilacinium, and Scopulariopsis brevicaulis.

TABLE 1 The genera most commonly isolated in the FILPOP study, the
numbers and percentages of isolates, and their clinical relevance
according to researchers’ reports

Genus or
order

No. (%) of strains
clinically relevant

No. (%) of
colonizers

Total no. % of
isolates in
FILPOP study

Aspergillus 117 (86.6) 161 (86.1) 278 (86.3)
Scedosporium 5 (3.7) 10 (5.3) 15 (4.7)
Mucorales 8 (6.0) 4 (2.2) 12 (3.7)
Penicillium 2 (1.5) 5 (2.6) 7 (2.2)
Fusarium 1 (0.7) 3 (1.6) 4 (1.2)
Othera 2 (1.5) 4 (2.2) 6 (1.9)

Total 135 (100.0) 187 (100.0) 322b (100.0)
a The other species (one each) belonged to the genera Arthrinium, Psathyrella,
Cladosporium, Purpureocillium, Phialemonium, and Scopulariopsis.
b Three isolates could not be analyzed at the reference center because of absence of
growth or contamination when received.

Alastruey-Izquierdo et al.

3382 aac.asm.org Antimicrobial Agents and Chemotherapy



Cryp-c	
  species	
  14.4%	
  

Alastruey-­‐Izquierdo	
  A,	
  et	
  al.	
  AnDmicrob	
  Agents	
  Chemoter	
  2013;	
  57:	
  3380-­‐7	
  	
  

evance in 8/12 cases (66%) and as colonizers in the other 4. This
difference was close to statistical significance (P ! 0.04). Of the 13
cases of proven infections, most were caused by Aspergillus species
but Mucorales isolates were found in two cases of sino-orbital
infections, Fusarium oxysporum was isolated from the blood of a
cirrhotic patient suffering from fungemia, and Scopulariopsis
brevicaulis was isolated from a cardiac valve.

The species distribution is showed in Table 2. The most fre-
quent species was Aspergillus fumigatus with 156 isolates (48.5%),
followed by Aspergillus flavus with 27 isolates (8.4%), Aspergillus
terreus with 26 isolates (8.1%), Aspergillus tubingensis with 22 iso-
lates (6.8%), and Aspergillus niger with 21 isolates (6.5%). The rest
of the species had fewer than 10 isolates. The low number of iso-
lates of most of the species precludes statistical analysis, but some
findings can be noted. First, some species were more frequently
considered to be of clinical relevance than to be colonizers, but
only in the cases of A. terreus, A. nidulans, and Rhizopus arrhizus
(synonym, Rhizopus oryzae) was that difference significant (P "
0.01). Table 2 also shows the distribution of fungal species by
study period (October versus May). Some species, such as A. tub-
ingensis, A. niger, and R. arrhizus, were more frequently isolated in
October 2010 than in May 2011, unlike Aspergillus calidoustus,
Aspergillus alliaceus, Scedosporium boydii, and Scedosporium
apiospermum, which were collected more commonly in May 2011.
In order to avoid bias from centers, an analysis of species distri-
bution by participant was done. No significant differences were
observed, and outbreaks due to a specific species in the study pe-
riods were not reported. A. fumigatus was the most common fun-
gal species in all of the participants, followed by other Aspergillus
species, Scedosporium species, and members of the order Muco-
rales.

The identification of organisms by PCR amplification and
DNA sequencing allowed us to detect cryptic or sibling fungal
species (Table 2). Regarding complexes of Aspergillus species, of
the total of 278 Aspergillus isolates, 40 (14.5%) were classified as
cryptic species. The Aspergillus section Fumigati included 162
strains of which 6 (3.7%) were non-A. fumigatus sensu stricto, i.e.,
3 of Aspergillus lentulus, 1 of Aspergillus viridinutans, 1 of Aspergil-
lus fumigatiaffinis, and 1 of Neosartorya pseudofischeri. Aspergillus
section Flavi was represented by 30 strains, 27 of A. flavus and 3 of
A. alliaceus. Aspergillus section Nigri included 22 A. tubingensis

and 21 A. niger strains. Aspergillus section Terrei included 26 A.
terreus strains and 1 Aspergillus carneus strain. Aspergillus section
Nidulantes included 8 A. nidulans strains. Other Aspergillus sec-
tions, such us Usti (4 A. calidoustus strains, 1 Aspergillus insuetus
strain, and 1 Aspergillus keveii strain), Versicolores (1 Aspergillus
sydowii strain), and Circumdati (1 Aspergillus westerdijkiae strain),
were also represented.

Table 3 shows the geometric mean MICs, MIC ranges, MIC50s
(MICs causing inhibition of 50% of the isolates tested), MIC90s,
and MIC modes for the species isolated in this study. Only data for
species represented by three or more isolates are displayed. In vitro
resistance was uncommon among the most frequently recovered
species. According to EUCAST breakpoints, resistance to ampho-
tericin B was found in 35/322 (10.8%) isolates, resistance to itra-
conazole was found in 32/322 (10%), resistance to voriconazole
was found in 36/322 (11.2%), and resistance to posaconazole was
found in 41/322 (12.7%). In vitro resistance was more common
among rare and emerging species, and multiresistant isolates were
isolated in some cases.

No A. fumigatus isolate was resistant in vitro to amphotericin B,
itraconazole, and voriconazole. One A. fumigatus strain showed a
MIC of posaconazole of 0.50 mg/liter. Other taxa belonging to the
genus Aspergillus showed some level of resistance in vitro (Table
4). Four (14.8%) of 27 A. flavus and 7 (27%) of 26 A. terreus
isolates were resistant to amphotericin B. Of the 40 cryptic/sibling
strains of Aspergillus species complexes, 16 (40%) were resistant in
vitro to at least one antifungal compound. All of the A. lentulus
strains were resistant to itraconazole, all of the A. calidoustus

TABLE 2 Species isolated and number of strains by study period
(October versus May)

Species

No. (%) of strains

October 2010 May 2011 Total

Aspergillus fumigatus 98 (47.6) 58 (50.0) 156 (48.5)
Aspergillus flavus 18 (8.74) 9 (7.76) 27 (8.39)
Aspergillus terreus 18 (8.74) 8 (6.90) 26 (8.07)
Aspergillus tubingensis 21 (10.2) 1 (0.86) 22 (6.83)
Aspergillus niger 17 (8.25) 4 (3.45) 21 (6.52)
Aspergillus nidulans 5 (2.43) 3 (2.59) 8 (2.48)
Rhizopus arrhizus 6 (2.91) 1 (0.86) 7 (2.17)
Scedosporium boydii 1 (0.49) 5 (4.31) 6 (1.86)
Aspergillus speciesa 9 (4.37) 9 (7.76) 17 (5.28)
Scedosporium speciesb 4 (1.94) 5 (4.31) 9 (2.80)
Penicillium speciesc 1 (0.49) 5 (4.31) 6 (1.86)
Fusarium speciesd 1 (0.49) 3 (2.59) 4 (1.24)
Mucorales speciese 4 (1.94) 1 (0.86) 5 (1.55)
Otherf 3 (1.46) 4 (3.45) 7 (2.17)

Total 206 (100.00) 116 (100.00) 322 (100.00)
a The Aspergillus species isolated included A. alliaceus, A. calidoustus, A. carneus, A.
fumigatiaffinis, A. insuetus, A. keveii, A. lentulus, A. sygowii, A. viridinutans, A.
weterdijkiae, and N. pseudofischeri.
b The Scedosporium species isolated included S. apiospermum, S. aurantiacum, and S.
prolificans.
c The Penicillium species isolated included P. chrysogenum, P. glabrum, P. cetrinum, and
P. minioluteum.
d The Fusarium species isolated included F. oxysporum, F. proliferatum, and F. solani.
e The Mucorales species isolated included Lichtheimia ramosa, L. corymbifera, Rhizopus
microsporus, and Rhizomucor pusillus.
f The other species isolated included Arthrinium species, Cladosporium species,
Eupenicillium javanicum, Phialemonium curvatum, Psathyrella candolleana,
Purpureocillium lilacinium, and Scopulariopsis brevicaulis.

TABLE 1 The genera most commonly isolated in the FILPOP study, the
numbers and percentages of isolates, and their clinical relevance
according to researchers’ reports

Genus or
order

No. (%) of strains
clinically relevant

No. (%) of
colonizers

Total no. % of
isolates in
FILPOP study

Aspergillus 117 (86.6) 161 (86.1) 278 (86.3)
Scedosporium 5 (3.7) 10 (5.3) 15 (4.7)
Mucorales 8 (6.0) 4 (2.2) 12 (3.7)
Penicillium 2 (1.5) 5 (2.6) 7 (2.2)
Fusarium 1 (0.7) 3 (1.6) 4 (1.2)
Othera 2 (1.5) 4 (2.2) 6 (1.9)

Total 135 (100.0) 187 (100.0) 322b (100.0)
a The other species (one each) belonged to the genera Arthrinium, Psathyrella,
Cladosporium, Purpureocillium, Phialemonium, and Scopulariopsis.
b Three isolates could not be analyzed at the reference center because of absence of
growth or contamination when received.
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evance in 8/12 cases (66%) and as colonizers in the other 4. This
difference was close to statistical significance (P ! 0.04). Of the 13
cases of proven infections, most were caused by Aspergillus species
but Mucorales isolates were found in two cases of sino-orbital
infections, Fusarium oxysporum was isolated from the blood of a
cirrhotic patient suffering from fungemia, and Scopulariopsis
brevicaulis was isolated from a cardiac valve.

The species distribution is showed in Table 2. The most fre-
quent species was Aspergillus fumigatus with 156 isolates (48.5%),
followed by Aspergillus flavus with 27 isolates (8.4%), Aspergillus
terreus with 26 isolates (8.1%), Aspergillus tubingensis with 22 iso-
lates (6.8%), and Aspergillus niger with 21 isolates (6.5%). The rest
of the species had fewer than 10 isolates. The low number of iso-
lates of most of the species precludes statistical analysis, but some
findings can be noted. First, some species were more frequently
considered to be of clinical relevance than to be colonizers, but
only in the cases of A. terreus, A. nidulans, and Rhizopus arrhizus
(synonym, Rhizopus oryzae) was that difference significant (P "
0.01). Table 2 also shows the distribution of fungal species by
study period (October versus May). Some species, such as A. tub-
ingensis, A. niger, and R. arrhizus, were more frequently isolated in
October 2010 than in May 2011, unlike Aspergillus calidoustus,
Aspergillus alliaceus, Scedosporium boydii, and Scedosporium
apiospermum, which were collected more commonly in May 2011.
In order to avoid bias from centers, an analysis of species distri-
bution by participant was done. No significant differences were
observed, and outbreaks due to a specific species in the study pe-
riods were not reported. A. fumigatus was the most common fun-
gal species in all of the participants, followed by other Aspergillus
species, Scedosporium species, and members of the order Muco-
rales.

The identification of organisms by PCR amplification and
DNA sequencing allowed us to detect cryptic or sibling fungal
species (Table 2). Regarding complexes of Aspergillus species, of
the total of 278 Aspergillus isolates, 40 (14.5%) were classified as
cryptic species. The Aspergillus section Fumigati included 162
strains of which 6 (3.7%) were non-A. fumigatus sensu stricto, i.e.,
3 of Aspergillus lentulus, 1 of Aspergillus viridinutans, 1 of Aspergil-
lus fumigatiaffinis, and 1 of Neosartorya pseudofischeri. Aspergillus
section Flavi was represented by 30 strains, 27 of A. flavus and 3 of
A. alliaceus. Aspergillus section Nigri included 22 A. tubingensis

and 21 A. niger strains. Aspergillus section Terrei included 26 A.
terreus strains and 1 Aspergillus carneus strain. Aspergillus section
Nidulantes included 8 A. nidulans strains. Other Aspergillus sec-
tions, such us Usti (4 A. calidoustus strains, 1 Aspergillus insuetus
strain, and 1 Aspergillus keveii strain), Versicolores (1 Aspergillus
sydowii strain), and Circumdati (1 Aspergillus westerdijkiae strain),
were also represented.

Table 3 shows the geometric mean MICs, MIC ranges, MIC50s
(MICs causing inhibition of 50% of the isolates tested), MIC90s,
and MIC modes for the species isolated in this study. Only data for
species represented by three or more isolates are displayed. In vitro
resistance was uncommon among the most frequently recovered
species. According to EUCAST breakpoints, resistance to ampho-
tericin B was found in 35/322 (10.8%) isolates, resistance to itra-
conazole was found in 32/322 (10%), resistance to voriconazole
was found in 36/322 (11.2%), and resistance to posaconazole was
found in 41/322 (12.7%). In vitro resistance was more common
among rare and emerging species, and multiresistant isolates were
isolated in some cases.

No A. fumigatus isolate was resistant in vitro to amphotericin B,
itraconazole, and voriconazole. One A. fumigatus strain showed a
MIC of posaconazole of 0.50 mg/liter. Other taxa belonging to the
genus Aspergillus showed some level of resistance in vitro (Table
4). Four (14.8%) of 27 A. flavus and 7 (27%) of 26 A. terreus
isolates were resistant to amphotericin B. Of the 40 cryptic/sibling
strains of Aspergillus species complexes, 16 (40%) were resistant in
vitro to at least one antifungal compound. All of the A. lentulus
strains were resistant to itraconazole, all of the A. calidoustus

TABLE 2 Species isolated and number of strains by study period
(October versus May)

Species

No. (%) of strains

October 2010 May 2011 Total

Aspergillus fumigatus 98 (47.6) 58 (50.0) 156 (48.5)
Aspergillus flavus 18 (8.74) 9 (7.76) 27 (8.39)
Aspergillus terreus 18 (8.74) 8 (6.90) 26 (8.07)
Aspergillus tubingensis 21 (10.2) 1 (0.86) 22 (6.83)
Aspergillus niger 17 (8.25) 4 (3.45) 21 (6.52)
Aspergillus nidulans 5 (2.43) 3 (2.59) 8 (2.48)
Rhizopus arrhizus 6 (2.91) 1 (0.86) 7 (2.17)
Scedosporium boydii 1 (0.49) 5 (4.31) 6 (1.86)
Aspergillus speciesa 9 (4.37) 9 (7.76) 17 (5.28)
Scedosporium speciesb 4 (1.94) 5 (4.31) 9 (2.80)
Penicillium speciesc 1 (0.49) 5 (4.31) 6 (1.86)
Fusarium speciesd 1 (0.49) 3 (2.59) 4 (1.24)
Mucorales speciese 4 (1.94) 1 (0.86) 5 (1.55)
Otherf 3 (1.46) 4 (3.45) 7 (2.17)

Total 206 (100.00) 116 (100.00) 322 (100.00)
a The Aspergillus species isolated included A. alliaceus, A. calidoustus, A. carneus, A.
fumigatiaffinis, A. insuetus, A. keveii, A. lentulus, A. sygowii, A. viridinutans, A.
weterdijkiae, and N. pseudofischeri.
b The Scedosporium species isolated included S. apiospermum, S. aurantiacum, and S.
prolificans.
c The Penicillium species isolated included P. chrysogenum, P. glabrum, P. cetrinum, and
P. minioluteum.
d The Fusarium species isolated included F. oxysporum, F. proliferatum, and F. solani.
e The Mucorales species isolated included Lichtheimia ramosa, L. corymbifera, Rhizopus
microsporus, and Rhizomucor pusillus.
f The other species isolated included Arthrinium species, Cladosporium species,
Eupenicillium javanicum, Phialemonium curvatum, Psathyrella candolleana,
Purpureocillium lilacinium, and Scopulariopsis brevicaulis.

TABLE 1 The genera most commonly isolated in the FILPOP study, the
numbers and percentages of isolates, and their clinical relevance
according to researchers’ reports

Genus or
order

No. (%) of strains
clinically relevant

No. (%) of
colonizers

Total no. % of
isolates in
FILPOP study

Aspergillus 117 (86.6) 161 (86.1) 278 (86.3)
Scedosporium 5 (3.7) 10 (5.3) 15 (4.7)
Mucorales 8 (6.0) 4 (2.2) 12 (3.7)
Penicillium 2 (1.5) 5 (2.6) 7 (2.2)
Fusarium 1 (0.7) 3 (1.6) 4 (1.2)
Othera 2 (1.5) 4 (2.2) 6 (1.9)

Total 135 (100.0) 187 (100.0) 322b (100.0)
a The other species (one each) belonged to the genera Arthrinium, Psathyrella,
Cladosporium, Purpureocillium, Phialemonium, and Scopulariopsis.
b Three isolates could not be analyzed at the reference center because of absence of
growth or contamination when received.
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Finally, terbinafine was active in vitro against Aspergillus spe-
cies apart from A. fumigatus. Other fungal species were not sus-
ceptible to this compound.

DISCUSSION
The FILPOP study is the first Spanish population-based survey
of the prevalence of fungal species and antifungal drug resistance.
The design of this study included the molecular identification of
organisms by DNA target sequencing to detect cryptic/sibling spe-
cies and susceptibility testing by the EUCAST reference method
(29).

The use of molecular methods in fungal studies has produced
several changes in fungal taxonomy. New species have been de-
scribed, and others have been discovered to be complexes of sev-
eral species. In addition, the emergence of resistance in fungal
infections seems to be increasing (21, 22). These changes in tax-
onomy and the emergence of resistant strains have produced a
need for strain identification and susceptibility testing, and several
studies with the aim of species reclassification have been con-
ducted (32–34).

First among the difficulties in planning a survey of invasive
mold diseases is the limitation of collecting samples from cases of
proven infections. Mold species are saprophytes of humans and
laboratory contaminants, and thus, their isolation in cultures is
not of clinical interest in many cases. The results of the FILPOP
study show that the prevalence of isolation of filamentous fungi in
cultures of clinical samples from deep sites is low (0.016 to 0.017/
1,000 inhabitants). That prevalence is very similar, regardless of
the time of year (spring or fall), although some variations by par-
ticipant were found, as evidenced by the fact that 6 (20%) of the 29
centers that took part in the survey did not isolate any organisms
during the study periods. Researchers reported more than 60% of

the isolates tested as colonizers or without clinical relevance, and
only 13 cases were proven infections.

The species distribution in the FILPOP study proves that
Aspergillus species are still the most common molds isolated from
human samples from deep sites (!85%). Emerging pathogens are
not as rare as previously suggested, since they were isolated from
14% of the samples tested. Scedosporium species were found in 5%
of the cases, Mucorales species were found in 3.7%, and Penicil-
lium and Fusarium species were found in 2 and 1.2%, respectively.

A. fumigatus represented less than 50% of the isolates recov-
ered, and the other 16 species of this genus were isolated. Regard-
ing A. flavus, A. terreus, and A. niger, regional differences in the
presence of these species in clinical samples have been reported;
thus, A. flavus has been described as the most common species of
Aspergillus isolated in some centers (35) and A. terreus is particu-
larly frequent in Austria (36). Balajee et al. (37), analyzing Asper-
gillus strains from a multicenter study of transplant patients per-
formed in the United States, found a higher rate of A. flavus
isolation (13.3 over 9.7%), comparable to that of A. niger (6.0
versus 7.6%) and lower than that of A. terreus (5.0 versus 9.4%).

The number of rare and cryptic/sibling species belonging to the
Aspergillus complexes found in the FILPOP study is interesting.
Rare Aspergillus species (others than A. fumigatus, A. flavus, A.
terreus, and A. niger) accounted for !30% of the isolates found,
and cryptic species (those identifiable by DNA sequencing only)
were isolated in 12% of the cases. The correct characterization of
those cryptic species could have clinical relevance, as many of
them (40% of the strains analyzed) showed in vitro resistance to all
of the currently used antifungal agents. A similar result was found
in the study performed by Balajee et al. (37). Among the cryptic
species found in the FILPOP study, the most frequent ones were A.
tubingensis (section Nigri) with 22 isolates (7.9%), A. calidoustus
(section Usti), with 4 isolates (1.4%), and A. lentulus (section Fu-
migati), with 3 isolates (1.1%). Interestingly, the number of iso-
lates of A. tubingensis in this study was higher than that of its
sibling species A. niger.

Regarding other species of filamentous fungi, members of the
genera Scedosporium and Fusarium and the order Mucorales have
been described as emerging pathogens (1, 2, 7, 38). In this study,
the second most frequent genus was Scedosporium, accounting for
almost 5% of the isolates. Classically, S. apiospermum and S. pro-
lificans have been described as the only species of this genus able to
cause human infections; however, several taxonomic studies (5,
39) have proven that these species are complexes of taxa. In the
FILPOP study, six isolates of S. boydii, four each of S. apiospermum
and S. prolificans, and one of S. aurantiacum were found. The
presence of S. prolificans is particularly relevant because of its mul-
tiresistant nature (18), and while it is almost absent from most
countries, it has been found to be more prevalent in some regions,
such as Australia and Spain (18, 40).

The species of the order Mucorales and the genus Fusarium
play increasingly important roles in immunocompromised pa-
tients (7, 41, 42). Their prevalence in this study was low, compared
with that in other studies, which have reported frequencies of
Mucorales infection of 7 to 10% and Fusarium infection of 2 to 5%
(17, 43). Two Rhizopus species (R. arrhizus and R. microsporus)
were found in this study. R. arrhizus was the most frequent species
of the order Mucorales (six strains), but Lichtheimia and
Rhizomucor were also found, while no Mucor isolates were identi-
fied.

TABLE 4 Aspergillus species strains resistant to amphotericin B,
itraconazole, voriconazole, and posaconazole in vitro

Species (no. of
isolates)

No. (%)a with:

AMB MIC
! 2
mg/liter

ITC MIC
! 2
mg/liter

VRC MIC
! 2
mg/liter

PSC MIC
! 0.25
mg/liter

A. fumigatus (156) 0 0 0 1 (0.6)
A. flavus (27) 4 (14.8) 0 0 0
A. terreus (26) 7 (27) 0 0 0
A. tubingensis (22) 0 1 (4.5) 0 0
A. niger (21) 0 0 0 0
A. nidulans (8) 1 (12.5) 0 0 0
A. calidoustus (4) 0 2 (50) 4 (100) 4 (100)
A. alliaceus (3) 3 (100) 0 0 0
A. lentulus (3) 1 (33.7) 3 (100) 0 0
A. sydowii (1) 0 0 0 1 (100)
A. carneus (1) 0 0 0 0
N. pseudofischeri (1) 0 0 0 0
A. viridinutans (1) 0 0 0 0
A. fumigatiaffinis (1) 1 (100) 1 (100) 0 0
A. insuetus (1) 1 (100) 1 (100) 1 (100) 1 (100)
A. westerdijkiae (1) 1 (100) 0 0 0
A. keveii (1) 0 1 (100) 1 (100) 1 (100)

Total (277) 19 (6.8) 10 (3.6) 6 (2.2) 8 (2.9)
a AMB, amphotericin B; ITC, itraconazole; VRC, voriconazole; PSC, posaconazole.
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Sequence-Based Identification of Aspergillus, Fusarium, and Mucorales
Species in the Clinical Mycology Laboratory: Where Are We and

Where Should We Go from Here?!
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The identification of fungal species and determination of
their significance in the clinical laboratory are complex prac-
tices that help establish or exclude a fungal cause of disease. In
the past, the clinical mycologist utilized a limited array of
phenotypic measurements for categorizing isolates to the spe-
cies level. This scenario is shifting in favor of molecular iden-
tification strategies largely due to a combination of several
factors: (i) the changing landscape of epidemiology of medi-
cally important fungi, in which novel organisms never before
implicated in human infection are being reported from clinical
samples (10, 41); (ii) reports of species-specific differences in
antifungal susceptibilities of these newly recognized fungi (4,
10, 41); (iii) numerous studies demonstrating that morphology
alone may not be a sufficiently objective method for species
determination (7, 8, 10, 23, 41); and (iv) a growing scarcity of
bench scientists and microbiologists trained in traditional my-
cology. With the increasing incidence of fungal infections and
reports of invasive fungal infections in nontraditional popula-
tions, such as patients with critical illnesses, the onus is on the
clinical microbiologist/mycologist to return a timely and accu-
rate identification. Molecular methods are rapid with a turn-
around time of about 24 h from the time of DNA extraction,
yield results that are objective with data portable between labs,
and could be more economical in the long run.

Few topics are more controversial or evoke such a passion-
ate response as the term “species” to a mycologist. Molecular
studies have demonstrated that a strategy where multiple

genes (or portions thereof) are sequenced and the resultant
data are analyzed by phylogenetic methods is a robust strategy
for fungal species recognition. This concept, known as phylo-
genetic species recognition (PSR) (40), has been used success-
fully to define species in the genera Fusarium and Aspergillus
(8, 23, 29, 31, 32). The advent of PSR has greatly clarified the
taxonomy of these genera and as such is a powerful tool for
fungal species delimitation. However, this methodology is ex-
pensive and requires phylogenetic expertise, which may be
limiting factors in clinical microbiology laboratories. In reality,
once a species has been delimited by PSR using several robust
loci, sequence diversity within the species is known, and on the
basis of this knowledge, comparative sequence analyses from a
single locus can be used for rapid species identification. “Cutoff
scores,” which are dependent on genetic diversity within and
between sibling species, can then be provided.

Thus, it is important to clarify that our intent in this editorial
is to address the practice of species “identification” as applied
to a clinical setting and not species “classification” necessary
for taxonomic categorization. Although the two terms can be
overlapping, the purpose of an “identification” method in a
clinical microbiology laboratory is the ability to provide a spe-
cific name or epithet to an organism rapidly and with precision,
without the complex experimental research or detailed phylo-
genetic analyses vital for a taxonomic “classification” scheme.
Such specific information can then be used by the physician in
a decision-making algorithm that can guide patient manage-
ment.

The field of medical mycology has embraced molecular
methods of identification, resulting in the exploration of nu-
merous potential targets, an explosion in the number of se-
quences from these loci, and recognition of previously un-
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639-3546. E-mail: fir3@cdc.gov.

! Published ahead of print on 10 December 2008.
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