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a b s t r a c t

Disseminated Chrysosporium spp. infection was diagnosed in a German shepherd dog based on a positive
fungal culture and cytological findings of intralesional fungi associated with granulomatous splenitis and
neutrophilic lymphadenitis. The clinical presentation that could mimic a multicentric lymphoma, in-
cluding markedly enlarged lymph nodes and a very abnormal splenic appearance on ultrasound makes
this case even more atypical. The patient showed rapid clinical improvement on oral posaconazole and
remains clinically stable ten months after diagnosis.
& 2016 The Authors. International Society for Human and Animal Mycology Published by Elsevier B.V.

This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

German shepherd dogs (GSD), particularly young to middle-
aged females, are well-known for their predisposition to dis-
seminated Aspergillus spp. infection [1,2]. The familial tendency is
further supported in this breed with the development of dis-
seminated fungal disease in close relatives [3]. A genetic predis-
position leading to a deficient immune response to fungi, possibly
related to immunoglobulin A (IgA) deficiency and/or dysfunction
has been reported in this breed [4,5]. However, the aetiology is
likely multifactorial, involving dysfunction of both humoral and
cell mediated immunity against Aspergillus spp. infection [3,5,6].
Literature tends to suggest that GSD are also prone to other dis-
seminated fungal infections caused by species such as Penicillium
spp., Paecilomyces spp., Pseudallescheria boydii, Scytalidium spp.,
Scedosporium prolificans, and Chrysosporium spp., most of which
would be classified as opportunistic [1,7,8].

Infection with Chrysosporium spp. is uncommon in both human
and veterinary literature, being mostly described in reptiles. In-
formation on clinical management is then quite variable and de-
pends on the species involved, the extent of the disease (focal vs
systemic involvement), and drug availability. Infection of a dog by
Chrysosporium spp. has only be reported three times to date.

The difference in clinical presentation, ultrasound findings and
long term treatment with posaconazole in the case described
herein adds valuable information about the diversity of signs that
Chrysosporium spp. infection can cause in dog and brings a new
for Human and Animal Mycology
d/4.0/).
light on possible treatment. Indeed, to the author's knowledge, the
successful use of posaconazole for Chrysosporium spp. infection
has not yet been reported in humans or animals, making the de-
scription of this case unique.
2. Case

A 3 year old, female speyed GSD, weighing 28 kg, presented for
assessment of an acute history of lethargy, anorexia, pyrexia, and
pelvic limb ataxia. The dog had been reported to be clinically well
five days prior to referral, then rapidly deteriorated.

On initial presentation to the referring veterinarian (day 0), the
dog was lethargic, hyperthermic (rectal temperature of 40.5 °C)
and ataxic in both pelvic limbs. The dog was painful on palpation
of the thoracolumbar region and caudal ventral abdomen, and
conscious proprioception was delayed in both pelvic limbs. In-
house haematology and biochemistry were performed and main
abnormalities included a mild neutrophilic leucocytosis, hy-
perglobulinaemia, and hypoalbuminaemia (Table 1). Spinal radio-
graphs were unremarkable. The dog was treated with intravenous
replacement crystalloid fluid (Hartman'ss) and administered
methadone. The following morning the dog had developed pro-
fuse watery diarrhoea, pigmenturia, and remained hyperthermic
(40.4 °C). Worsening paresis of the pelvic limbs was noted. Referral
to a specialty practice for further evaluation was recommended.

On initial examination at the University of Queensland Veter-
inary Medical Centre (day 1), the dog was found to be in poor body
condition (score of 3/9). Upon physical examination, lethargy, ta-
chypnoea and persistent hyperthermia were noticed (40.1 °C).
Cardiac and pulmonary auscultations were normal. Popliteal and
Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
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Table 1
Summary of major haematology, serum biochemistry and urinalysis findings.

Haematology Units Reference interval DAY 0 DAY 1 DAY 14 DAY 24 DAY 36

PCV/HCT % 37–55 41 40 27 36 39
Reticulocytes X109/L o 60 N/A N/A 132.33 N/A N/A
White cell count X109/L 6.0–17.0 21.9 18.1 35.6 N/A 26.1
Granulocytes X109/L 3.0–12.0 17.6 15.3 N/A N/A N/A
Neutrophils X109/L 3.0–11.5 N/A N/A 21.7 N/A 18.3
Eosinophils X109/L 0.1–1.2 N/A N/A 2.5 N/A 0.8
Monocytes X109/L 0.2–1.5 1.3 0.6 0.7 N/A 1.3
Lymphocytes X109/L 1.0–4.8 2.9 2.2 10.7 N/A 5.7
Serum biochemistry
Albumin g/L 25–44 22 19 19 23 23
Globulin g/L 23–52 64 56 34 42 46
ALP U/L 20–150 191 N/A 187 190 207
ALT U/L 10–118 63 N/A 51 47 37
AST U/L 13–37 N/A 127 85 42 40
Urinalysis
Collection method Voided Cystocentesis Cystocentesis N/A Cystocentesis
USG 1.001–1.065 41.060 1.032 1.028 N/A 1.028
pH pH 5.5–8.5 7.0 7.5 6.5 N/A 6.0
Sediment:
-Casts (granular) /hpf None none 1 1–2 N/A none
-RBC /hpf o5 5–20 1–2 negative N/A 40-50
-WBC /hpf o5 o5 o1 o1 N/A o1
-Fungal hyphae /hpf None N/A none none N/A none
UPC o0.5 N/A 3.0 1.4 N/A 0.3

E. Cook et al. / Medical Mycology Case Reports 10 (2015) 29–3330
inguinal lymph nodes were severely enlarged whereas sub-
mandibular and pre-scapular lymph nodes remained of normal
size. A 3-cm mobile, firm, subcutaneous mass was palpated over
the right lateral mid-thorax. Abdominal palpation was painful and
confirmed the presence of significant caudal abdominal organo-
megaly. A T3–L3 spinal lesion was suspected based on the absent
proprioception and paresis of the pelvic limbs and severe pain on
direct palpation of T2–L2. Mentation was appropriate, cranial
nerve examination was normal and fundic examination was
unremarkable.

Thoracic radiographs showed no significant abnormalities.
Abdominal ultrasound demonstrated severe enlargement of
medial iliac lymph nodes. The spleen was diffusely mottled in
echotexture with multiple faint hypoechoic nodules up to 13 mm
in size throughout the parenchyma. Fine needle aspirates of the
spleen, and both medial iliac lymph nodes were performed and
Wright's Giemsa stained direct smears were examined by light
microscopy. A cytological diagnosis of granulomatous splenitis and
neutrophilic lymphadenitis associated with the presence of
Fig. 1. Microscopic image of lymph node aspirate. Arrow: macrophage containing
intracytoplasmic, septate fungal hyphae. Scale bar¼50 μm.
macrophages containing branching, septate fungal hyphae was
made, consistent with a multi-organ fungal infection (Fig. 1). Ur-
inalysis showed mild haematuria, few granular casts and severe
proteinuria (Table 1). Fungal hyphae were not identified on urine
sediment examination.

The dog was admitted to hospital, maintained on intravenous
crystalloids (Hartman'ss) and administered multimodal analgesia
based on a combination of methadone, gabapentin and fentanyl.
The following day (day 2), the dog appeared more comfortable but
neurological examination was unchanged, and rectal temperatures
remained persistently greater than 40.0 °C.

A tissue biopsy of the right subcutaneous thoracic mass was
performed using a punch biopsy (6 mm) and submitted for fungal
culture. The sample was cultured on Sabouraud's dextrose agar
(Thermo Fisher, United Kingdom) and incubated at 30 °C. Fungal
growth was detected after five days incubation. After six days in-
cubation, thallus was flat, white and cottony in texture. The re-
verse was cream in colour. Microscopic examination revealed
hyaline, septate hyphae. Single celled conidia were borne on the
hyphae and in short chains at the ends of hyphae. Conidia were
hyaline, smooth-walled and pyriform, with a broad base. Conidia
were broader than the hyphae and attached by short pedicels.
Those conidia which had become detached from the hyphae car-
ried a distinct, annular scar, the remnant of the hyphal wall. No
macroconidia were observed. No growth was obtained during
subsequent incubation on Sabouraud's dextrose agar at 37 °C. On
the basis of the above colonial and microscopic features, the iso-
late was identified as Chrysosporium spp. Speciation of the isolate
and antifungal susceptibility testing unfortunately could not be
performed due to organism death in the laboratory.

Based on cytology of lymph nodes and spleen, on the culture of
the subcutaneous mass, and in association with compatible clinical
signs, disseminated fungal infection was diagnosed. Dis-
cospondylitis was suspected as a cause of the neurological signs
but could not be identified on plain radiography. Advanced ima-
ging, including magnetic resonance imaging (MRI) and computed
tomography (CT) were offered to investigate for the possibility of a
fungal granuloma, but declined by the owners for financial rea-
sons. The dog was administered one dose of dexamethasone
(0.075 mg/kg IV) to control inflammation and posaconazole
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(10 mg/kg PO every 24 h) was commenced concurrently.
On day 3, the dog developed severe oedema over the ventral

abdomen, and pelvic limbs. Hypotheses considered included de-
creased oncotic pressure, systemic infection related vasculitis,
lymphatic/venous obstruction from severe lymphadenomegaly, or
a combination of all. Given that serial plasma albumin con-
centrations remained at all-times greater than 21 g/L (reference
interval: 23–40 g/L), and due to the reported severe enlargement
of iliac medial lymph nodes, it was felt that the lymphadenome-
galy played a larger role in oedema development.

The dog was hospitalised until day 9 and showed overall a
gradual improvement in demeanour, neurologic deficits and feces
consistency; however, body temperature continued to wax and
wane between 38.8 °C and 40.6 °C and oedema remained promi-
nent. At discharge (day 9), the following medications were pre-
scribed: posaconazole (10 mg/kg PO every 24 h), gabapentin
(10.7 mg/kg PO every 8 h), omeprazole (0.66 mg/kg PO every
24 h), metronidazole (10 mg/kg PO every 12 h), and a fentanyl
patch (100 μg/h patch).

The patient returned for follow up at day 14, 24 and 36 with
continued improvement in demeanour and neurological deficits at
each visit. On day 14, the dose of posaconazole was decreased
from 10 mg/kg PO every 24 h to 8.5 mg/kg PO every 24 h due to
financial constraints expressed by the owner. On day 36, the dog
was normothermic (38.8 °C). Popliteal and inguinal lymph node
size had improved dramatically but remained significantly larger
than normal. Right thoracic mass had also decreased in size (ap-
proximately 1 cm in diameter). Haematology showed further im-
provement in haematocrit and resolution of the marked leukocy-
tosis. Serum biochemistry showed improvement in hypoalbumi-
naemia (Table 1). There was resolution of proteinuria, hematuria
and absence of fungal hyphae or urinary casts on sediment ex-
amination (Table 1). Spinal radiographs showed no evidence of
discospondylitis. However, development of a lesion (approxi-
mately 3�5 cm) on the wing of the ileum of the right pelvis was
identified. It appeared as moth-eaten lysis with a small 3 cm
length minimally displaced pathological fracture in the proximal
tip of the ileal wing was noted. On abdominal ultrasound, splenic
parenchyma was significantly different from initial examination
with a diffusely hypoechoic parenchyma and multiple pinpoint
hyperechoic foci giving a “snowstorm appearance” leading to
better demarcation of the hypoechoic nodules previously de-
scribed (Fig. 2).

At this stage the owners expressed concerns regarding the
ongoing cost of posaconazole, and this medication was changed to
itraconazole (7.4 mg/kg PO every 24 h) for long-term treatment.
Fig. 2. Ultrasound image of the spleen on day 36. Arrows: well-demarcated hy-
poechoic splenic nodules underlined by the multiple hyperechoic foci within the
splenic parenchyma.
At the time of writing, approximately ten months after pre-
sentation, the dog remains clinically stable, with minimal lymph
node enlargement, complete resolution of peripheral oedema and
neurological signs.
3. Discussion

To the authors' knowledge, this case is only the second re-
ported in the veterinary literature of disseminated Chrysosporium
spp. infection in a dog. Interestingly, the first published case was
reported as part of a case series on disseminated fungal disease in
dogs that also originated from Queensland, Australia [1].

The genus Chrysosporium is in the order Onygenales to which
the organisms Blastomyces, Coccidioides, Histoplasma and Der-
matophytes belong [11]. Chrysosporium spp. are saprobic species
that live on the remains of hair and feathers in the soil and are
involved in the breakdown of keratinous substrates [11]. These
fungi are rarely reported as human or veterinary pathogens. In
fact, Chrysosporium spp. would normally be encountered as a
contaminant of cutaneous or respiratory specimens [12].

Infection with Chrysosporium spp. in the veterinary literature is
most commonly documented in reptiles, including lizards, snakes,
with one account in saltwater crocodiles. Chrysosporium anamorph
of Nannizziopsis vriesii (CANV) tends to be the most common
species involved and lesions vary from superficial dermatomy-
coses, to systemic mycoses. Many cases are diagnosed on post-
mortem examination [11].

Both local and invasive Chrysosporium infections are very rare
in the human literature, with only thirteen cases reported to date,
and affect almost exclusively immunocompromised people [12].
Organs affected include lungs, sinuses, brain, bone, heart valve,
pericardium, cornea, and skin in order of decreasing likeliness of
involvement [12–14]. The clinical course of disseminated Chry-
sosporium infection in people can be severe to fatal; however, six
of eight cases of invasive infection have survived with aggressive
management [12,14].

Infection with Chrysosporium spp. is extremely uncommon in
domestic dogs with definitive identification in only three cases.
One case report described keratomycosis in a dog (Pekingese
cross) that had concurrent diabetes mellitus and was treated with
topical prednisolone before diagnosis of fungal keratitis [10]. In the
second case, the fungus was identified from a pathological skin
lesion in a dog (dwarf pincher); however, the exact role of this
fungus was not determined in this case [9]. The third case, and
only one of disseminated Chrysosporium infection was also re-
ported in a GSD [1]. This dog was diagnosed with discospondylitis,
osteomyelitis of the radius and irregular bone formation on the
accessory carpal bone and was treated with itraconazole (10 mg/
kg/day PO for 6 weeks, then 17 mg/kg/day PO for another
5 weeks). Control over disease progression was unclear as there
was some radiographic evidence of healing of the radial osteo-
myelitis, but simultaneous development of new vertebral lesions
after 11 weeks of therapy. Antifungal treatment was discontinued
at this point, and the patient lived for 12 months before it was
euthanased for progressive paresis, lameness and signs of pain [1].
The long survival in this patient after discontinuing anti-fungal
therapy may reflect poor pathogenicity of this species.

Disseminated mycoses in domestic animals and in people is
often associated with immunosuppression, whether this be due to
inherited immunodeficiency, administration of medications, or
presence of concurrent illnesses that suppress the immune system
[1,2,12]. Being keratinophilic, Chrysosporium spp. has been com-
monly found on the coats of healthy dogs in the absence skin le-
sions [15]. The true pathogenicity of this species of fungi is un-
known, but appears to be quite weak [16]. Therefore, an
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underlying immune deficiency is likely to explain the dissemina-
tion of the fungus in this case. GSD, in particular females, are
overrepresented for developing disseminated mycoses, especially
Aspergillosis [1,2]. An inherited immune deficiency relating to
abnormalities in IgA regulation and function is suspected [5,6]
with abnormally low IgA serum levels commonly reported in this
breed [4]. However, not all GSD with systemic fungal disease have
decreased IgA levels [3]; therefore, the cause appears to be more
complex than an isolated IgA deficiency. Some authors have sug-
gested the involvement of cell mediated dysfunction in these cases
but this remains to be confirmed by further studies [6].

Clinical signs associated with systemic mycoses can be varied,
and are dependent on the organs involved. In larger retrospective
studies of dogs with systemic mycoses, initial clinical signs are
often attributed to the musculoskeletal and neurologic system.
Ataxia, neck and back pain, but also less specific signs such as
anorexia and weight loss are commonly cited [1,2]. Watt et al.
found 8/10 dogs with systemic mycoses suffered from back pain,
and all had evidence of discospondylitis on plain radiographs [1].
Interestingly, in a larger case series of 30 dogs with systemic as-
pergillosis, only 5/30 dogs had spinal pain; however, 16/30 had
radiographic evidence of discospondylitis [2]. Our patient did have
neurological findings consistent with a T3-L3 spinal lesion and
back pain; however, no evidence of discospondylitis was evident
on initial spinal radiographs, nor on the radiographs taken five
weeks after presentation. A similar presentation in a female GSD
with disseminated Scytalidium spp. infection was described with
the presence of a soft tissue mass on CT, located along the left
lateral aspect of the vertebral canal, through the body of C5 and
displacing the spinal cord [7]. Although advanced imaging could
not be performed in our case, the resolution of the ataxia and
proprioceptive deficits with antifungal treatment was more sus-
picious for a fungal granuloma associated with the spinal cord
than discospondylitis.

Lymphadenomegaly of the popliteal, medial iliac, and inguinal
lymph nodes was particularly profound in this case with asso-
ciated lymphoedema. Peripheral lymphadenomegaly was not a
greatly common finding in one case series, being reported in only
17% of cases [2]. In combination with the marked peripheral
lymphocytosis and the pronounced splenic changes, lymphoma
was an important differential diagnosis in this patient.

Presence of hypoechoic nodules and hypoechoic lacy regions in
the spleen have been previously reported in dogs with systemic
aspergillosis [2]. The appearance of the spleen in this case of
Chrysosporium spp. infection has a similar unusual but non-spe-
cific sonographic appearance. Similarly, in humans, the “sono-
graphic snowstorm” appearance of highly echogenic foci in the
spleen is seen with a variety of different fungal organisms, and is
thought to be due to extensive fibrosis or fibrinous exudates
within the parenchyma [17].

Aggressive, destructive bony lesions have been reported in
systemic aspergillosis and other disseminated fungal infections
[1,2]. While discospondylitis was not a feature in this case, an
aggressive destructive process was identified in the ileum of the
right pelvis at last radiographic recheck, but was not associated
with clinical signs. In mature dogs with discospondylitis, radio-
graphic lesions can appear progressively worse for 3–9 weeks
despite successful treatment [18]. Therefore, the development of
the bony lesion in our patient would likely suggest a discrepancy
between actual disease and radiographic resolution, rather than
treatment failure, given the significant improvement in other or-
gans involved over the same time period.

There is little data in both the veterinary and human literature
regarding successful treatment of disseminated Chrysosporium
spp. Interestingly, the only other canine case of invasive Chrysos-
porium spp. infection was treated with itraconazole, a first-
generation triazole antifungal. Some bony lesions were reported to
have improved during the treatment period; however, new ones
developed over the same time frame and itraconazole was dis-
continued after only 11 weeks of treatment [1]. Therefore, long
term control over the lesions with this particular antifungal could
not be accurately assessed. Although the authors of this article
suspected poor efficacy of this drug, it remains possible that itra-
conazole had a favourable initial impact on disease progression as
the dog lived for a protracted time in the absence of antifungal
treatment before relapsing. Response to itraconazole, appears to
be strain-dependent in people, with most cases requiring more
aggressive therapy with amphotericin B or voriconazole [12–14].
Successful treatment of Chrysosporium spp. infection in reptiles is
limited, as most are diagnosed at necropsy; however, itraconazole,
ketoconazole and voriconazole are suggested [11].

Posaconazole is a newer second generation triazole antifungal
derived from itraconazole [19]. Posaconazole has not been re-
ported to have been used before in human or canine patients with
Chrysosporium spp. infection. In a recent case of invasive pul-
monary infection with Chrysosporium articulatum in a person,
minimum inhibitory concentration (MIC) was determined for this
particular organism against posaconazole, and showed no evi-
dence of resistance [14]. In our case, this particular anti-fungal was
chosen before species identification was made based on its ex-
cellent in vitro activity against Aspergillus spp. [19], which was
presumed to be the most likely causative agent in this case
pending final fungal cultures. Clinical response was seen during
the first week of administration leading to near resolution of the
patient lymphadenomegaly, right thoracic mass, hematuria and
neurological signs by week five. We therefore believe, in the ab-
sence of antifungal susceptibility testing, that posaconazole was an
appropriate choice for this case of severe, systemic infection with
Chrysosporium spp. The transition of this dog from posaconazole to
itraconazole was based on financial rather than medical reasons.

In conclusion, we report an unusual case of disseminated
Chrysosporium spp. species infection in a GSD. This case demon-
strates that although this fungus is an uncommon pathogen, it can
be associated with severe morbidity, and reminds clinicians that
non-Aspergillus spp. fungi can also cause significant disease in
GSD. This dog responded well to therapy with posaconazole and
itraconazole. Although long term follow-up and associated ima-
ging rechecks will be important for the objective evaluation of
outcome with this treatment, at the time of writing, the dog is still
alive and doing clinically well ten months after diagnosis.
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