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Acremonium species cause a variety of human infections, while Lecanicillium species have not been reported as human patho-
gens. We describe a pseudo-outbreak involving both organisms, highlighting the role and limitations of molecular methods in
the characterization of rare fungal isolates. Repeated isolation of these fungi from patient tissue samples raises concerns about
exogenous contamination in the hospital environment.

Acremonium species are filamentous fungi ubiquitous in the
environment. They are associated with a wide spectrum of

clinical diseases, including both localized and disseminated infec-
tions in immunocompetent and immunocompromised hosts (4,
6, 12, 14, 15). Acremonium species are also pathogenic to other
fungi (mycopathogenic) and have been used as biological controls
for fungal plant pathogens (3, 13). To date, no known clusters or
outbreaks of human cases involving Acremonium species have
been described. Lecanicillium species are a group of fungi that are
pathogenic both to insects (entomopathogenic) and to other fungi
and have been recovered from a wide range of substrates (7, 8, 16).
Some species of Lecanicillium have also been used as biocontrol
agents (1, 7, 10, 13). Unlike Acremonium, however, this species has
not been associated with disease in humans in spite of its abun-
dance in the natural environment (10). Acremonium and Lecani-
cillium share many morphological features, including hyaline col-
ony, cottony texture, and similar arrangement of conidia and
conidiophores, that make morphological distinction between the
two fungal taxa challenging (4, 7, 9). We investigated a cluster of
Acremonium and Lecanicillium isolates recovered from tissues
removed from patients during orthopedic surgery at hospital
A. The present study describes the cluster, methods used for
fungal species identification, and the limitations and challenges
associated with currently employed methods for identification
of fungal species.

Patient tissues were collected in the operating room from var-
ious body sites (hand, knee, and elbow) during routine irrigation
and debridement procedures (Table 1). Fungus culture had been
ordered on all samples. The protocol at hospital A for culturing
tissue samples called for separate samples to be collected for bac-
terial and fungal testing. When separate samples were not avail-
able, tissue was divided in a biological safety cabinet in the hospital
microbiology lab. Bacterial cultures were plated at hospital A. All
tissue samples designated for fungus culture were sent to commer-
cial laboratory B. Tissue specimens received at laboratory B were
then sent unopened to either commercial laboratory C or univer-
sity laboratory D for fungal culture and phenotypic identification.

Filamentous fungi were recovered from a cluster of patient
tissues at hospital A between October 2008 and April 2009 (Table
1). The first case was a postoperative lumbar wound infection
from which fungi resembling Acremonium species and several
bacteria were recovered. Over the next 6 months, Acremonium was

identified in orthopedic tissue samples from six additional pa-
tients. Histopathology was performed on cases 2 and 5 and was
negative for fungal elements using Gomori methenamine silver
staining. None of the patients received antifungal treatment.

The CDC was invited to assist in an investigation of the cases
after the recovery of the fifth isolate identified as Acremonium
species from one of these tissue samples. Environmental sampling
was performed throughout hospital A, with a focus on the oper-
ating rooms and the laboratory. Spongesicle swabs were collected
from the hospital A laboratory, facility storage room, and surgical
suite, the commercial laboratory B transport vehicle, and the lab-
oratory B processing room. Air samples (13) were collected from
the hospital A surgical suite, air intake, rooftop, offsite storage
center, storage room, microbiology laboratory, another labora-
tory (control), commercial laboratory B parking lot, and labora-
tory B processing room. Samples of water-damaged flooring (3),
the used laboratory and operating suite HVAC air filters, and un-
used specimen collection cups (3) were also examined. Nine sam-
ples of soil and leaves were collected from plants in the hospital A
laboratory and from a plant in the hospital atrium (control). All
environmental samples were directly sent to the CDC for fungal
culture and isolation.

Between January 2008 and April 2009, hospital A sent 320 sam-
ples for fungus culture, and 26 were positive for fungal growth at
one of the two referral laboratories used by hospital A (commer-
cial laboratory C or university laboratory D). Nine of these 26
samples were originally identified morphologically as Acremo-
nium species: all 4 isolates from case 5 were identified at laboratory
C, and 5 isolates from all the remaining cases were identified at
laboratory D (Table 1). Five fungal isolates from cases 5 (four
isolates) and 6 (one isolate) were sent to the CDC for species
confirmation; isolates from the previous 4 cases had been dis-
carded. Morphological examination and comparative DNA se-
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quence analysis were used by the CDC to confirm the identity of
the isolates. Genomic DNA was extracted and purified from the
five clinical isolates and one environmental isolate (see below).
The internal transcribed spacer (ITS) region of ribosomal DNA
(rDNA) was PCR amplified and sequenced as described previ-
ously (2). The identity of the isolates was determined by compar-
ison of approximately 550 bases of the contiguous sequence from
the ITS region to sequences in the GenBank database.

Sequence-confirmed Lecanicillium isolates were further char-
acterized by inter-simple sequence repeat (ISSR) PCR (18). Two
epidemiologically unrelated Lecanicillium isolates (L. lecanii and
L. attenuatum) from the CDC culture collection were used as con-
trols for ISSR typing. Four 6-carboxyfluorescein (6-FAM)-labeled
ISSR primers designed to flank tri- and tetranucleotide repeats
were used for PCR amplification of the fragments constituting the
ISSR fingerprint as described previously (11). An unweighted-pair
group method using average linkages (UPGMA) tree, rooted with
the outgroup Acremonium species (isolate 5c), was generated us-
ing PHYLIP (5).

Four of the five case isolates (5a, 5b, 5d, and 6) were reidenti-
fied as Lecanicillium lecanii at the CDC based on ITS sequencing.
The ITS sequences for all four isolates were identical to one an-
other and to the Lecanicillium lecanii sequence in the GenBank
database (100% homology to GenBank accession number
FJ515771.1, 90 to 99% query coverage). The fifth isolate (5c) was
confirmed as Acremonium species, with 100% homology at 100%
query coverage to the ITS regions of two species, Acremonium
strictum (GenBank accession number GU595023.1) and Acremo-
nium kiliense (GenBank accession number FR694874.1), and was
identified as Acremonium species for the purposes of this study.
Environmental surface swabs, materials, and air samples were
negative for Lecanicillium and Acremonium species. Acremonium
species was recovered from the soil of a potted plant in the hospital
A laboratory. Comparative sequence analyses of the ITS region of
this environmental isolate revealed that it was 99% homologous
with 100% query coverage to Acremonium alternatum (GenBank
accession number U57674.1) and Acremonium strictum
(GenBank accession number AY138844.1). ITS sequence compar-
ison of the environmental isolate to the clinical Acremonium iso-
late 5c demonstrated only 82% homology, suggesting that these
isolates were not closely related.

The four isolates identified as Lecanicillium lecanii by molecu-

lar methods were further characterized by ISSR PCR using four
primers. Four ISSR primers yielded 467 reproducible markers,
and the results demonstrated that the four Lecanicillium isolates in
the cluster shared between 84 and 100% of their ISSR markers.
Isolates 6 and 5b (from two different patients) were identical
across all markers, suggesting that they may have a single source.
Isolate 5a shared the least number of markers with other isolates.
The UPGMA tree shows relatedness of the isolates based on ISSR
data (Fig. 1).

After a detailed epidemiological investigation of the cluster of
infections, the outbreak was determined to be a pseudo-outbreak.
There was no clear pattern associated with the recovery of fungi
and the laboratories that processed the specimens. Histopathol-
ogy performed on tissues from two cases did not reveal fungal
elements. Visual observation of the tissue preparation procedures
in both laboratories and the specimen transport system did not
demonstrate breaches in sterile processes. Environmental sam-
pling in these areas did not yield any fungal isolates morphologi-
cally similar to Acremonium or Lecanicillium beyond a genetically
unrelated Acremonium in a potted plant. Personnel records for the

TABLE 1 Description of Acremonium/Lecanicillium cases at hospital Aa

Case
Date of
culture Specimen site Laboratory

Initial fungal
identification Bacterial organism coinfection

Histopathology
done

Fungal isolate
to CDC

1 10/1/2008 Left lumbar region ULD Acremonium MRSA, Peptostreptococcus asaccharolyticus No
2 11/22/2008 Right hand ULD Acremonium No Yesc

3 2/12/2009 Right elbow bursa ULD Acremonium MRSA, Propionibacterium acnes No
4 2/17/2009 Left elbow allograft ULD Acremonium Enterobacter cancerogenus, Staphyloccocus

aureus, Candida parapsilosis
No

5 3/4/2009 Right knee pretibial CLC Acremonium No Yesc Lecanicilliumb

3/4/2009 Right knee anterior fat pad CLC Acremonium No Lecanicillium
3/4/2009 Right knee suprapatellar pouch CLC Acremonium P. acnes, Mycobacterium chelonae Acremonium
3/11/2009 Right knee tissue ULD Acremonium P. acnes, M. chelonae No Lecanicillium

6 4/2/2009 Synovium ULD Acremonium MRSA No Lecanicillium
a ULD, university laboratory D; CLC, commercial laboratory C; MRSA, methicillin-resistant Staphylococcus aureus.
b In case 5, the three isolates from the knee were sent to the CDC without labeling indicating the specific knee source. The three results cannot be directly correlated to an individual
specimen.
c Histopathology was performed on two samples, but no fungal elements were seen using Gomori silver staining.

FIG 1 UPGMA tree based on ISSR data for Lecanicillium isolates. Phyloge-
netic relationship among Lecanicillium isolates recovered from patient tissues.
L. lecanii and L. attenuatum are epidemiologically unrelated Lecanicillium spe-
cies used as controls. The tree is rooted with the outgroup Acremonium species.
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operating rooms and laboratory specimen-processing area did not
reveal any trend in personnel present in the rooms during these
procedures. Furthermore, tissues for fungal culture were collected
at the beginning of the surgery, before irrigation was begun, mak-
ing the surgical procedure less likely to have been the source of
contamination. We cannot rule out the possibility that contami-
nation could have arisen in the operating room during collection
of the tissues, but our retrospective investigation did not detect
any breaches in sterile procedures or inappropriate instrument
sterilization methods. We believe that the most likely source of
these fungal isolates was contamination introduced in hospital A,
because these fungal species were recovered at both commercial
laboratory C and university laboratory D from samples originat-
ing at hospital A, where the tissues were collected and divided into
two parts. True infection was considered unlikely based on full
clinical recovery of all the patients without antifungal treatment.
The specific source of Lecanicillium and Acremonium species in
this cluster remains unknown. To our knowledge, no further cases
involving these organisms have been detected in hospital A since
the investigation.

Comparative sequence analysis allowed unambiguous identi-
fication of most of the isolates in the cluster as Lecanicillium lecanii
and, in one case, confirmed the initial identification of Acremo-
nium species. The identity of the fungus in four other cases is not
known because the isolates were no longer available but may have
been Lecanicillium species. Extensive environmental sampling
from the hospital air intake, air samples in various locations in the
hospital, and air filters in the operating room and laboratories did
not yield Lecanicillium or Acremonium species. We were able to
demonstrate the presence of Acremonium species in the hospital
environment by recovering one isolate from the soil of a plant in
the hospital A laboratory. However, molecular methods demon-
strated that the environmental isolate was genetically distinct
from the clinical isolate.

Both Lecanicillium lecanii and Acremonium species were recov-
ered from case 5, and further genotyping of the Lecanicillium iso-
lates revealed at least three unique genotypes. In contrast, one
Lecanicillium species recovered from case 5 and another from case
6 were identical to each other by the ISSR PCR fingerprinting
method. The results of our study demonstrate that there could
have been multiple different sources of Lecanicillium/Acremonium
seeding the original samples.

One of the challenges in this study was the lack of available
robust sequences representing the species of Acremonium in the
GenBank sequence database, which is most commonly used for
DNA sequence comparison. Currently in GenBank, sequences of
Acremonium are poorly characterized and annotated, with many
sequences lacking a species designation, severely limiting the util-
ity of this commonly available database for species level identifi-
cation of Acremonium. Given this limitation, we could identify the
isolates recovered in this study only as Acremonium species. On-
going taxonomic studies of this genetically diverse genus might
help to rectify this issue (17).

The recovery of soil fungi that are not traditionally thought to
be human pathogens from multiple human samples over a long
time period (6 months) raises concern about the handling and
processing of human tissue samples in the hospital. This cluster
also provides another example of the utility of DNA sequence-
based identification. Because Lecanicillium is an unusual human
pathogen, further scrutiny of the patients, the samples, and their

handling process might have occurred sooner had Lecanicillium
been correctly identified in the initial fungus cultures. DNA se-
quencing would have effectively determined the correct genus
identification in these cases, thus changing the course of the inves-
tigation and allowing the hospital to initiate control measures
more quickly. The reporting of fungus culture results that include
molds not traditionally considered human pathogens is an area
for which, to our knowledge, no guidelines currently exist. Some
laboratories report such isolates with the comment of “possible
contaminant.” We are reluctant to endorse this practice because
isolates from immunosuppressed hosts that might reflect true dis-
ease might instead be disregarded. A comment such as “this or-
ganism has not been reported as a human pathogen: correlate with
histopathology and clinical condition” might be useful to alert the
clinician and infection control officer that an unusual mold of
unclear clinical significance is being reported.
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