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Pulmonary Phialemonium curvatum phaeohyphomycosis

in a Standard Poodle dog
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Phialemonium curvatum, frequently misidentified as an Acremonium species, is
reported here as a new agent of pulmonary phaecohyphomycosis in a Standard
Poodle dog, and added as a new species in the genus to cause mycoses in canines. /n
vitro susceptibility data, for both human and animal isolates, suggests resistance to
amphotericin B and susceptibility to the triazole agents itraconazole, voriconazole,

and posaconazole.
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Introduction

Systemic phaeohyphomycosis, a disease associated with
saprobic dematiaceous fungi, has been reported infre-
quently in the dog. In humans Cladophialophora
bantiana (synonyms, Cladosporium trichoides, Clados-
porium bantianum, Torula bantiana, Xylohypha banti-
ana, Xylohypha emmonsii) is known to be neurotropic,
and animals with systemic phaeohyphomycosis also
commonly present with neurologic disease. In four
reports of systemic C. bantiana infection in dogs the
animals presented with a clinical history and/or signs of
central nervous disease including tetraparesis, neck
stiffness, back pain, circling, opisthotonus, nystagmus,
protrusion of the nictitating membrane and/or seizures
[1-4]. Ochroconis gallopavum [5] and Aureobasidium
pullulans [6] have been isolated from lesions in dogs
presenting with ataxia, seizures or ‘neurologic dysfunc-
tion’ and in another case dematiaceous fungi were
demonstrated in the brain of an animal presenting with
convulsions [7]. Rarely, animals with phaecohyphomy-
cosis present with other primary clinical disease, as in
the pug dog with a chronic skin infection and who had
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a dual systemic infection caused by Bipolaris spicifera
and Candida (Torulopsis) glabrata [8]. Most cases of
systemic phacohyphomycosis in the dog have been
diagnosed at necropsy. In the case reported here, the
etiologic agent of pulmonary disease was detected
antemortem.

Case report

A two-year-old male, castrated Standard Poodle was
presented to the Texas A&M University Veterinary
Medical Teaching Hospital in August, 2005 for defini-
tive surgical repair of an atrial septal defect. The
surgery was successful. Several days post-operatively
the dog developed vasculitis, pancreatitis, as well as
pneumonia, which were treated with palliative therapy
in combination with enrofloxacin and ticarcillin/clavu-
lanic acid. In October, 2005 the dog developed a
chylous pleural effusion, which was corrected by
surgical ligation of the thoracic duct in November
2005. The chylous effusion was thought to represent a
complication of his previous open heart surgery.
Following this surgery, the dog developed pneumonia
again as well as a serosanguinous pleural effusion. The
pneumonia was treated with enrofloxacin as well as
amoxicillin/clavulanic acid. The pleural effusion be-
came chronic and frequent thoracocenteses were per-
formed to help control the clinical signs associated with
the effusion. In December, 2005 a course of somatos-
tatin was given but failed to resolve the effusion.
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Subsequently immunosuppressive prednisone therapy
was initiated. After the addition of prednisone, the dog
remained asymptomatic for his pleural effusion for
eight months, during which the dose was gradually
reduced to an anti-inflammatory dose range and the
severity of the effusion was monitored with thoracic
radiographs and echocardiography. Pleurocentensis
was not performed at anytime during this 8§ month
period, after which the dog developed dyspnea and a
severe suppurative pleural effusion. In addition, right
rear lameness developed and a right carpal joint tap
revealed septic, suppurative effusion. A urinary tract
infection was also documented at this time. The dog
was treated with thoracocentesis as needed to control
clinical signs of dyspnea and a combination of ticar-
cillin/clavulanic acid, amoxicillin/clavulanic acid, and
enrofloxacin. The prednisone was continued although
doses were tapered. Over the next few months the dog
presented multiple times with dyspnea due to pleural
effusion and thoracentesis was performed. The cytolo-
gic examinations of pleural fluid samples varied slightly
during this time period with the fluid being classified as
either a transudate (low cell counts and low total
protein concentration) or a modified transudate (mildly
increased cell count or total protein concentration),
depending on total nucleated cell counts and total
protein concentrations. Several bacterial cultures of the
pleural fluid yielded no growth. Given the severity of
the recurrent pleural effusion in the face of reducing
prednisone doses, and the historical response of the
pleural effusion to immunosuppressive doses of pre-
dnisone, azothioprine was added to the drug regimen in
an attempt to further immunosuppress the patient, and
potentially allow the dose of prednisone to be reduced.
Azothioprine was not well tolerated and was discon-
tinued. Prednisone was continued at immunosuppres-
sive doses and antibiotic coverage with a combination
of clavamox and enrofloxacin were continued. Inter-
mittent pleurocentesis for symptomatic pleural effusion
continued although the frequency was somewhat
reduced. In October, 2006 the animal was presented
again with dyspnea and severe pleural effusion. New
skin lesions had also developed near the right carpal
footpad and over both tarsi. Cytologic examination of
pleural fluid revealed a modified transudate/hemor-
rhagic effusion and cytologic examination of the
footpad lesion revealed mild inflammation with intra-
cellular fungal elements present. In addition, multiple
lesions suggestive of dermatophytosis developed on the
skin of the inguinal area. Three bacterial cultures and
one fungal culture were inoculated with pleural fluid
samples (collection dates 27 October 2006, 14 Novem-
ber 2006, 22 November 2006 and 3 November 2006

respectively). In addition, fungal cultures were started
with samples from the footpad and tarsal lesions
(collection date 14 November 2006). Pleural fluid
samples for bacteria were inoculated onto trypticase
soy agar with 5% sheep blood, MacConkey’s agar, and
into tryptose broth (Becton Dickinson, Sparks, MD)
and incubated at 37°C in 5% CO, for up to 5 days. The
first two pleural fluid samples yielded no bacterial
growth however a fungus was isolated on the blood
agar plates inoculated with each of these samples after
3 and 4 days of incubation, respectively. The third
pleural fluid sample yielded Staphylococcus aureus after
one day of incubation and a fungus on day 5 of
incubation. The fungal isolates cultured from pleural
fluid on three separate occasions appeared identical.
One pleural fluid sample inoculated onto only Sabour-
aud dextrose agar ([SDA], (BD, BBL, Sparks, MD) was
negative after 18 days incubation at 25°C. Microsporum
gypseum was recovered in cultures started with the
tarsal skin samples. The footpad culture grew a sterile
dematiaceous mould that was subsequently identified
as a coelomycete morphologically resembling a Micro-
sphaeropsis arundinis (distinct from the fungi isolated
from the pleural fluid samples). At this time azathiopr-
ine was discontinued and the dog was started on
amphotericin B. The dog then developed a methicil-
lin-resistant Staphylococcus aureus infection. Due to
the poor prognosis and deteriorating condition, the dog
was euthanized in December 2006. Necropsy was not
performed.

Identification of the etiologic agent

Three fungal isolates from pleural fluid samples and the
isolate from the footpad were forwarded to the Fungal
Testing Laboratory at University of Texas, San Anto-
nio, TX for identification. The pleural fluid isolates
were accessioned into their stock collection as UTHSC
06-4324, 06-4325, and 06-4326. The morphologic
features of the isolates were examined on in house
prepared potato flakes agar (PFA) incubated at 25°C.
Growth rate was moderate and after two weeks
incubation colonies were white to cream, floccose,
effuse, with centrally raised areas. Discrete, moist,
salmon to brownish-yellow sporodochial areas (macro-
scopically visible cushion-like masses of short conidio-
phores bearing conidia) formed throughout the
cultures after 4 weeks incubation (Fig. 1 — taken
at 8 weeks). Microscopically, hyaline hyphae produced
numerous coils and complex fasicles (bundles of
hyphae). Conidiogenous cells consisted primarily of
adelophialides (short phialides lacking a basal septum)
produced directly on the hyphae (Fig. 2) and from coils.
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Fig. 1 Potato flakes agar plate, 8 weeks at 25°C, showing area of
slide culture preparation on the right, and an undisturbed colony on
the left. Salmon to brownish-yellow, moist, raised sporodochial areas
are seen throughout the culture.

However longer phialides delimited by a basal septum
as seen in Acremonium species were also occasionally
present. Long, setae-like phialides were also produced
from the sporodochia. Slightly allantoid (curved) con-
idia (1-1.5 x4.4.5 pm) were borne in mucoid clusters at
the apices of these conidiogenous cells. Chlamydoco-
nidia were also present. Based on the features noted
above, the isolate was morphologically identified as
Phialemonium curvatum [9-11].

Fig. 2 Microscopic morphology of a young, immature sporodo-
chium after 7 days growth at 25°C on potato flakes agar. Figure
depicts short adelophialides (reduced phialides lacking a basal
septum), black arrow, as well as longer phialides delimited by basal
septa as seen in Acremonium species.
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One of the isolates, UTHSC 06-4324 ( =R-3884) was
submitted for molecular characterization to confirm
the morphologic identification. DNA was isolated from
conidia recovered from a 72 h PDA plate using the
Prepman Ultra reagent (Applied Biosystems, Foster
City, CA) according to manufacturer’s instructions.
Five microliters each of the supernatant were used
in two PCR reactions to amplify the ITS and
D1/D2 regions from the rDNA locus. The ITS region
was amplified as described using primers ITSI
(5-TCCGTAGGTGAACCTGCGG-3) and ITS4
(5-TCCTCCGCTTATTGATATGC-3") [12]. The D1/
D2 region was amplified using primers NL1 (5'-
GCATATCAATAAGCGGAGGAAAAG-3) and NL4
(5-GGTCCGTGTTTCAAGACGG-3) as described
[13,14]. Both PCR reactions were performed in a
PTC-100 thermocycler (MJ Research, Watertown,
MA) using Triple Master Taq polymerase (Fisher
Scientific, Pittsburgh, PA). Amplicons were purified
using a Qiaquick PCR purification kit (Qiagen, Inc.,
Valencia, CA) and then sequenced on both strands at
the UTHSCSA Advanced Nucleic Acids Core facility.
The data obtained from each sequence were then
used to perform BLASTn searches at the NCBI website
<http://ncbi.nlm.nih.gov/BLAST/ > [15]. Identifica-
tions were made at a cutoff of > 98% sequence identity.

The results of the two BLAST searches showed the
greatest identity with other sequences deposited from
P. curvatum. The top three hits for the D1/D2 sequence
were P. curvatum sequences, each at 99% identity. The
top three hits for the ITS search were P. dimorphos-
porum, P. curvatum, and P curvatum, each at 99%
identity. Since P. dimorphosporum is a synonym of
P, curvatum [16], the sequence identity of the isolate was
assigned as P curvatum. The case isolate UTHSC
06-4323 (=R-3884) has been deposited in the Uni-
versity of Alberta Microfungus Collection under the
accession number UAMH 10825. The nucleotide se-
quence data has been deposited into GenBank under
the accession numbers EU035984 (ITS) and EU035985
(D1/D2).

The footpad isolate was accessioned as UTHSC
06-4327. After one month incubation at 25°C on a
variety of media prepared in-house including PDA, V-8
agar, and carnation leaf agar [17], rare pycnidial
structures developed. Conidia were narrow-cylindrical,
1-1.5 x4 pm, individually subhyaline, but dark in mass.
Based on these features the isolate morphologically
resembled the coelomycete Microsphaeropsis arundinis.
The recovery of this organism from the footpad, while
potentially significant for localized infection at this site
[18,19], was not contributory to systemic fungal
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disease. No additional testing was performed on this
isolate.

In vitro antifungal susceptibility testing

Retrospective antifungal susceptibility testing of
P. curvatum was accomplished in a macrobroth dilution
format in essential agreement with the previously
published Clinical and Laboratory Standards Institute
document M38-A [20]. Amphotericin B (AMB, Bristol-
Meyers, Squibb, New York, NY) and caspofungin
(CAS, Merck, Rahway, NJ) were tested in Antibiotic
Medium 3 (Difco, Sparks, MD) while 5-fluorocytosine
(5FC, Valient, Irvine, CA), fluconazole, voriconazole
(FLC, VRC, Pfizer, Inc., New York, NY), itraconazole
(ITC, Janssen Pharmaceutica, Piscataway, NJ) and
posaconazole (PSC, Schering Plough, Galloping Hill,
NJ) were tested in RPMI-1640 (Hardy Diagnostics,
Santa Maria, CA). Tubes were incubated at 35°C with
endpoints read at 24 and 48 h. The endpoints for AMB
were the lowest concentration that inhibited visual
growth, while those for SFC and the triazoles were
80% inhibition compared to the growth control.
Caspofungin endpoints were read as minimum effective
concentrations (MECs) [21,22]. Results at 24/48 h
were as follows in pg/ml: AMB 2/4; CAS 0.25/0.5; 5-
FC >64; FLC 8/16; ITC 0.06/0.25; VRC 0.125/0.25;
PSC 0.03/0.125.

Discussion

The genus Phialemonium, having morphologic features
between the genera Acremonium and Phialophora,
currently contains two species, P obovatum and
P curvatum [9,16]. Phialemonium obovatum produces
a distinct, pale green diffusing pigment, has obovate
conidia (like an upside-down egg), and has been
previously reported in German shepherd dogs causing
osteolytic [23] and disseminated disease [24]. To our
knowledge, this is the first report of P. curvatum in the
veterinary literature. As the use of SDA as a sole
primary isolation medium is less than optimal for the
recovery of filamentous fungi, this and other etiologic
agents may be under-diagnosed. Sporodochial-forming
Phialemonium curvatum isolates were initially recog-
nized in 2004 in human cases of hemodialysis-asso-
ciated endovascular infection [10]. They have
subsequently been seen in cases of endocarditis and
endophthalmitis stemming from intracavernous penile
autoinjections of contaminated fluids [11,25], and from
intra-articular injection of corticosteroids [26]. Isolates
are often misidentified as Acremonium species based on

the overall macroscopic and microscopic similarities of
the two genera.

In humans, the formation of phialides and phialo-
conidia within tissues in the host, termed ‘adventitious’
conidia by Liu et al. [27], appear to facilitate hemato-
genous dissemination inciting fungemia [16], endocar-
ditis [28,29], and peritonitis [30]. Disseminated disease
usually occurs in the setting of immune compromise.
The same scenario presumably occurs in dogs. On
occasion dogs operated for chylous effusion can
develop non-chylous effusion post operatively that
responds to immunosuppression suggesting an under-
lying inflammatory etiology [31]. However, dogs receiv-
ing chronic immunosuppressive agents are, like
humans, at risk for infections, particularly from a
variety of potential fungal pathogens [32,33]. Second-
ary infections may also be present and, in this case,
likely contributed to the severity of the pleural effusion
in the later stages of the disease.

Retrospective antifungal susceptibility results for the
case isolate were similar to those seen for human
isolates. Although there are no defined breakpoints
for this organism, elevated MICs for AMB and 5FC
suggested resistance. Clinical deterioration while on
AMB therapy may support lack of efficacy for this
agent. [traconazole, as well as the newer triazoles PCZ
and VCZ, demonstrated low MICs, while the FLZ
MIC was somewhat elevated at 16pg/ml. Minimum
effective concentrations for CAS were also low at 0.5
pg/ml; a departure from MEC values seen in human
isolates.

In conclusion, Phialemonium curvatum is reported as
a new agent of pulmonary phaeohyphomycosis in a
Standard Poodle dog, and is added as a new species in
the genus to cause disease in canines. Based on limited
data, the triazole drugs ITZ, VRZ, and PCZ would
appear appropriate for empiric therapy pending sus-
ceptibility test results.
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