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Abstract 

Background  In dogs, the most frequently reported mycosis associated with Aspergillus spp. are respiratory infections. 
Systemic aspergillosis is uncommon, with reported cases been associated with several Aspergillus species. Aspergillus 
terreus species complex are ubiquitous organisms, unfrequently associated with local or systemic disease in animals 
and humans, and treatment of osteomyelitis caused by this species is usually unfavorable.

Case presentation  This case report describes the case of a 5-year-old dog, referred to the Veterinary Hospital of the 
Faculty of Veterinary Medicine of the University of Lisbon, Portugal, with a history of lameness of the right thoracic 
limb. Radiographs and CT scan revealed two different lesions on right humerus and radio, which were biopsied. The 
samples collected were submitted to cytological and histopathological evaluation and bacterial and mycological 
culture. Environmental samples, including of the surgery room and of the biopsy needle were also evaluated for the 
presence of fungi. Regarding biopsy samples, bacterial culture was negative, but mycological analysis originated a 
pure culture of a fungal species later identified as Aspergillus terreus by Sanger sequencing. Results were compatible 
with histopathologic examination, which revealed periosteal reaction and invasion of hyphae elements. Also, myco-
logical analysis of both environmental samples evaluated were negative. The virulence profile of the fungal isolate 
was phenotypically characterized using specific media, allowing to reveal its ability to produce several enzymes 
involved in its pathogenicity, namely lipase, hemolysin and DNAse, corresponding to a Virulence Index (V. Index.) of 
0.43. The patient was submitted to itraconazole therapy for 8 weeks. After 3 weeks, the patient showed significant 
clinical improvement, and after 6 weeks no radiographic signs were observed.

Conclusions  Antifungal therapy with itraconazole can contribute to the remission of canine infections promoted by 
Aspergillus terreus complex with a relevant V. Index.
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Background
Aspergillus spp. are ubiquitous fungi of worldwide distri-
bution, commonly found in soil, water and organic mat-
ter. They are saprophytic, but several species also have an 
opportunistic character, being involved in various local 
and systemic infections in animals and humans, espe-
cially in immunocompromised patients [1, 2].

In dogs, the most frequently reported mycosis asso-
ciated with Aspergillus spp. are respiratory infections, 
involving the nasal cavity and/or the paranasal sinus, 
with a higher prevalence in dolichocephalic breeds [3, 4]. 
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Disseminated aspergillosis in dogs is uncommon, with 
reported cases been associated with several Aspergil-
lus species [5–12], including A. terreus [8, 13–18]. This 
saprophytic fungus has also been described as an wide-
spread opportunist pathogen, being able to produce sev-
eral virulence factors associated with evasion of the host 
immune system and tissue adhesion, degradation and 
invasion [12, 19, 20].

In dogs, A. terreus complex has been described as the 
cause of several disseminated infections, mainly involv-
ing the cardiopulmonary and skeletal system [13, 21]. 
Although fungal osteomyelitis is rare and mainly caused 
by Candida species [22, 23], the association of A. terreus 
complex with dog osteomyelitis has been reported [13, 
14, 16, 24]. This disease, characterized by the inflamma-
tion of bone and bone marrow, usually occurs after iat-
rogenic or spontaneous inoculation of fungi or bacteria 
into traumatic or surgical wounds. It can also be caused 
by hematogenous inoculation, which is more frequent in 
juveniles than in adults, occurring in metaphysis and epi-
physis in the former, and in diaphysis of long bones in the 
latter [23].

Fungal osteomyelitis is usually difficult-to-treat in 
all animal species since bone tissues are not easily pen-
etrated by antifungals [22, 23]. When promoted by 
fungi such as Aspergillus, successful treatment options 
for osteomyelitis decrease and the prognosis is usually 
unfavorable [22, 25], with retrospective studies indicat-
ing that the A. terreus complex infections are refractory 
to amphotericin B [8, 26]. Long-term treatment with 
itraconazole up to three years may clear the infection or 
prolong the survival time [14]. Also, treatment with posa-
conazole appears to be safe for the treatment of dissemi-
nated aspergillosis in dogs, with prolonged treatment 

being associated with long-term survival over one year. 
However, relapse is common [25], being of special impor-
tance to eliminate and avoid the dissemination of Asper-
gillus virulent strains.

Case presentation
A 5-year-old dog, male, mixed breed, was referred to the 
Veterinary Hospital of the Faculty of Veterinary Medicine 
of the University of Lisbon, Portugal for Computerized 
Tomography (CT) evaluation of right thoracic limb, due 
to lameness. This dog presented clinical signs associated 
with pain in the right thoracic limb, and radiographs had 
already been performed at the first opinion consultation.

A lateromedial radiograph of the right thoracic limb 
revealed the presence of a bone lesion at the level of the 
caudo-lateral diaphysis of humerus and cranial portion of 
the radio. The radiograph of left thoracic limb showed no 
alterations (Fig. 1).

Differential diagnosis, based on physical and radio-
graphic signs, included osteolytic lesion with bacterial 
or fungal origin or bone neoplasia. On CT, a bone lesion 
was detected in the lateral and posterior side of the right 
humerus’ diaphysis, next to the nutrient foramen (Fig. 2). 
The lesion corresponded to a solid periosteal reaction, 
with focal enlargement of the medullary cavity, with 
extension of 31 mm and interruption of the bone corti-
cal. There was a second lesion with similar traits on the 
proximal diaphysis of the right radio, with an extension 
of 45 mm (Fig. 3). There were no signs of intrathoracic, 
axillar or prescapular lymphadenomegaly.

Guided by CT images, fine needle aspiration and sur-
gical biopsies were performed and material was col-
lected for cytological and histopathological evaluation, 
as well as for bacterial and mycological culture. For 

Fig. 1  Radiographic images of the right thoracic limb. a Lateromedial view; b Anteroposterior view
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aerobic bacterial culture, samples were inoculated in 
Columbia Agar + 5% Sheep Blood (bioMérieux, Marcy-
l’Etoile, France), MacConkey Agar (Oxoid, Hampshire, 
UK) and Brain Heart Infusion Broth (BHIb) (Oxoid, 
Hampshire, UK), and incubated at 37  °C for 24  h. For 
mycological culture, samples were inoculated in Sab-
ouraud Dextrose Agar (VWR, Leuven, Belgium), and 
incubated at 25 °C for 5 days.

On cytology, blood cells and scattered cells with oste-
oplastic and fibroblastic profile were observed, having 
a low grade of pleomorphism suggestive of a periosteal 
reaction. The histopathologic evaluation of the radio’s 
lesion revealed a focal chronic severe necrosis and gran-
ulomatosis osteomyelitis of mycotic origin, while the 
evaluation of the humerus lesion revealed periosteal neo-
formation (periosteal reaction) (Figs. 4 and 5).

Bacteriological analysis allowed to observe the devel-
opment of cottony colonies with a brownish coloration 
on Columbia Agar. Microscopic observation of BHIb 
suspensions revealed the presence of hyphae and the 
absence of bacterial cells.

In mycological cultures, an abundant growth of a 
pure culture presumptively identified as A. terreus 
was observed. Colonies were firstly identified through 
their macroscopic and microscopic traits, being char-
acterized as brownish, white-bordered colonies, with 
floccose texture (Fig.  6a). The microscopic evaluation 
of the colonies, performed through wet mount tech-
nique using Lactophenol Cotton Blue (LCB) staining, 
revealed the presence of hyaline and septate hyphae, 
hyaline conidiophores from which biseriate phialides 
are formed, with round and smooth walled elliptical 

Fig. 2  CT images of the humerus lesion

Fig. 3  CT images of the radio lesion
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conidia in long chains, also compatible with A. terreus 
(Fig. 6b) [27, 28].

For confirmation of the isolate identification, fungal 
genomic DNA was extracted using a commercially avail-
able kit (E.Z.N.A.® Fungal DNA Mini Kit, Omega Bio-
tek, Norcross), following manufacturer’s instructions. 
Then, DNA was amplified by conventional PCR, with a 
final volume mixture of 25 µL, containing 2 µL (0,8 µM) 
of each primer [ITS1 (5-TCC​GTA​GGT​GAA​CCT​GCG​
G) and ITS2 (5-GCT​GCG​TTC​TTC​ATC​GAT​GC)], 10 µL 
of DNA, 10 µL of MasterMix (NZYtaq 2 × Green, NZY-
tech®) and 1 µL of PCR grade water. PCR amplification 
was completed using the XT96 thermal cycler (VWR®), 
by applying the following conditions: 95  °C for 10  min, 
followed by 60 cycles of 94 °C for 15 s, 55 °C for 30 s and 

72  °C for 30  s, and a final extension at 72  °C for 5  min 
[29]. After amplification, PCR products were separated 
by 1.5% agarose gel electrophoresis stained with Green 
Safe (NZYtech®) and visualized by transillumination 
(ChemiDoc XRS + , Biorad®). Afterwards, to confirm 
species identification, PCR products were evaluated 
through DNA Sanger sequencing by STABVIDA® (Lis-
bon, Portugal). Sequencing results confirmed the iden-
tification of the isolate as Aspergillus terreus (Additional 
files 1 and 2).

In spite of the mycological culture findings being sup-
ported by the histopathologic diagnostic, to further 
confirm A. terreus association with osteomyelitis devel-
opment in this animal, two environmental samples were 
also evaluated, namely of the surgery room environment 

Fig. 4  Hematoxylin and Eosin (H&E) stained histopathological preparation of a bone fragment. It is possible to observe extensive areas of 
fragmentation and necrosis, characterized by loss of mineralized matrix, which lost its characteristic eosinophilia and is now replaced by a 
basophilic to amphophilic amorphous mass (bar = 200 µm)

Fig. 5  Histopathological preparations where it is possible to observe fungal invasion. a It is possible to observe a tangle of poorly-staining 
septate hyphae, with parallel, birefringent walls that branch dichotomously. Occasionally, these hyphae have bulging terminal expansions (H&E) 
(bar = 10 µm); b Special staining with Periodic Acid Schiff highlights the hyphal walls and terminal buds (bar = 10 µm)
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and of the biopsy needle, which were inoculated in Sab-
ouraud Dextrose Agar and incubated at 25 °C for 5 days. 
Both samples resulted in negative fungal cultures.

The isolate virulence profile was assessed phenotypi-
cally by evaluating its ability to form biofilms and to 
produce several enzymes, including hemolysins, lipase, 
lecithinase, DNAse, protease and gelatinase, using spe-
cific media as shown on Table 1. This isolate was able to 
produce hemolysins (brownish areas around the colo-
nies), lipase (clear area around the colonies) [30] (Fig. 7) 

and DNase (pink halo around the colonies) [31], not 
being able to produce biofilm, lecithinase, protease or 
gelatinase.

The Virulence Index (V. Index) value was determined 
according to the formula developed by Singh & Ekka [38]:

The isolate presented a virulence index of 0.43 ( 3/7).

V.Index =

number of positive virulence factors

number of virulence factors tested

Fig. 6  Macroscopic and microscopic morphology of A. terreus. a Pure culture of A. terreus in Sabouraud Dextrose Agar; b Microscopical presentation 
of A. terreus, showing hyaline and septate hyphae (black arrow) and hyaline conidiophores (white arrow) (LCB staining) (× 400 magnification)

Table 1  Phenotypic virulence traits tested and respective media

Phenotypic 
Virulence 
Trait

Culture Media Incubation conditions Positive result Reference

Biofilm Red Congo Agar [BHI Infusion Broth (VWR, 
Leuven, Belgium), Bacteriologic Agar (VWR, 
Leuven, Belgium), sucrose and Red Congo Stain 
(Sigma-Aldrich, St. Louis, USA), in a concentra-
tion of 0.0008%]

72 h at 25 °C Black halo around the colonies [32]

Hemolysins Columbia Agar + 5% Sheep Blood (bioMérieux, 
Marcy-l’Etoile, France)

72 h at 25 °C Clear halo (β- hemolysis) or green or brown 
discoloration (α- hemolysis) around the 
colonies

[30, 33]

Lipase Spirit Blue Agar (Difco, Detroit, USA), supple-
mented with 0.25% Tween® 80 and 25% com-
mercial olive oil

24 h at 25 °C Blue color halo around the colonies [30, 34]

Lecithinase Egg Yolk Agar [Tryptic Soy Agar (VWR, Leuven, 
Belgium), supplemented with 10% egg yolk 
emulsion (VWR, Leuven, Belgium]

72 h at 25 °C Clear halo around the colonies [35]

DNAse DNAse agar (VWR, Leuven, Belgium) supple-
mented with toluidine blue

72 h at 25 °C Pink halo around the colonies [31]

Protease Skim Milk Agar [Skim Milk powder (Oxoid, 
Hampishire, UK) and Bacteriological Agar (VWR, 
Leuven, Belgium)]

72 h at 25 °C Clear halo around the colonies [36]

Gelatinase Nutrient Gelatin Agar 72 h at 25 °C Gelatin liquefaction [30, 37]
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The patient was initially submitted to an oral itracon-
azole treatment, 5  mg/kg q24h for 8  weeks. There were 
significant improvements in clinical signs at 3  weeks of 
treatment, after which the animal was able to support 
the affected limb. A control radiography was taken after 
6 weeks of treatment, showing disappearance of the peri-
osteal reaction.

Discussion and conclusions
The genus Aspergillus comprises more than 185 species, 
being divided in 8 subgenera – Aspergillus, Fumigati, 
Circundati, Terrei, Nidulates, Ornati, Warcupi and Can-
didi – and in 22 sections [9]. Among them, A. fumigatus, 
A. flavus and A. niger are the most frequently isolated 
species [39]. Others, such as A. terreus and A. versicolor 
are less frequent [9, 13, 16, 17].

A. terreus, classified in the subgenera Terrei, is the most 
common species of the subgenera and is found world-
wide in various environmental habitats [40]. In veterinary 
medicine, there are already various reports of dissemi-
nated infections caused by A. terreus [13–17, 24]. To the 
author’s knowledge, this is the first report of osteomy-
elitis caused by Aspergillus terreus in a dog in Portugal. 
Infections by this species have been reported in Spain, 
Australia, Israel, South Africa and United States of Amer-
ica [12, 24].

In dogs, despite being more frequent in German Shep-
perd, A. terreus infections have already been reported 
in other breeds, such as Labrador Retriever, Rhodesian 
Ridgebacks, English Setter, Pug, Labrador Retriever 
cross, Hound cross, Whippet [8], Dalmatian [13] and Red 
Cloud Kelpie [14]. This species is an important pathogen 
because of its intrinsic resistance against amphotericin B 
[41, 42] and its reduced azole-susceptibility due to target 

gene over-expression or the presence of efflux pumps [26, 
43].

The portal of entry of Aspergillus sp. is thought to be 
via the respiratory tract, through inhalation of spores, 
with subsequent hematogenous spread if not eliminated 
by the host immune system [1]. Sites of embolic dis-
semination of fungi include the kidney, spleen, lymph 
nodes, bone, heart, lung, eyes, pancreas, bone marrow, 
brain, urinary bladder, prostate, pleura, adrenal, stomach, 
uterus, thyroid and thymus, in descending order of prev-
alence [13]. A. terreus has a unique characteristic, which 
is the capacity of production of spores in the affected 
tissues, and the hematogenous spread of these spores is 
probably the cause of infection dissemination [21]. So, 
while there is no knowledge of the primary infection 
route in the case reported here, there is a possibility that 
the pathogen entered the body via inhalation, the gastro-
intestinal tract or a wound.

Moreover, fungi are able to cause disease and overtake 
the immune system of the host by producing several viru-
lence factors, which are associated with their pathogenic 
potential [44]. Virulence factors identified in Aspergillus 
species include the production of biofilms, and hydro-
lytic enzymes such as hemolysins, proteases, proteinases, 
lipases, phospholipases, amylases and ribonucleases [19, 
20]. Biofilms protect Aspergillus from phagocytosis and 
antifungals action, allowing its exponential growth [45]. 
Hydrolytic enzymes cause degradation of cells and vari-
ous tissue molecules, such as proteins, carbohydrates, 
lipids and phospholipids. As such, they can impair cell 
function, leading to cell lysis and necrosis, and contrib-
uting to the patient clinical status. In fact, production 
of virulence factors may contribute to the development 
of invasive infections and their detection can help to 

Fig. 7  Macroscopic evaluation of isolate’s ability to produce virulence factors. a Plate Spirit Blue Agar, where is possible to observe clear areas 
around the colonies, indicative of lipase production; b Plate of Columbia Agar + 5% Sheep Blood, where is possible to observe the activity of 
hemolysins (α-hemolysis) through the presence of brownish areas around the colonies



Page 7 of 8Abreu et al. BMC Veterinary Research           (2023) 19:76 	

adapt therapeutic protocols [46]. The A. terreus isolate 
obtained in this study presented a V. Index of 0.43, which 
may explain its association with host dissemination and 
osteomyelitis development.

The few previous reports of disseminated aspergil-
losis caused by A. terreus treated with itraconazole had 
good improvement of clinical sings. However, in only one 
report the animal has fully recovered and eliminated the 
agent [14], and the majority resulted in euthanasia [17]. 
This is not surprising since the bone tissue characteristics 
may impair drug diffusion, being sometimes necessary to 
increase antifungal doses to avoid complications [22] and 
infection recurrence, which is very frequent [47].

This case report demonstrates that, even if fungal 
osteomyelitis associated with A. terreus are not frequent, 
they should be considered as a differential diagnosis, 
especially since an early diagnosis is associated with an 
increased therapy success. Therefore, further studies are 
needed to characterize the pathogenic profile of these 
isolates and to investigate the response to therapy and 
recovery in cases of disseminated aspergillosis.

Abbreviations
CT	� Computerized Tomography
BHIb	� Brain Heart Infusion Broth
H&E	� Hematoxylin and Eosin
LCB	� Lactophenol Cotton Blue

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12917-​023-​03628-x.

Additional file 1. ITS1 sequence. Sanger sequencing results using ITS1 
primer.

Additional file 2. ITS2 sequence. Sanger sequencing results using ITS2 
primer.

Acknowledgements
Authors would like to acknowledge to CIISA—Centro de Investigação Interdis-
ciplinar em Sanidade Animal, Faculdade de Medicina Veterinária, Universidade 
de Lisboa, Lisboa, Portugal and to Laboratório Associado para Ciência Animal 
e Veterinária.

Authors’ contributions
RA performed the experiments, analyzed the data and wrote the manuscript. 
AM performed clinical evaluation of the patient, cytological and histopathogi-
cal sampling and follow up of the clinical case. RN performed the histologi-
cal examination of the bone and helped in the interpretation of data. HP 
performed the cytological examination of the bone and helped in the revision 
of the manuscript. JC helped in the experiments and in the revision of the 
manuscript.  EC contributed to the interpretation of data and revision of the 
manuscript. LT contributed to the analysis, interpretation of data and revision 
the manuscript. MO conceived the study and participated in its coordination, 
helped to draft the manuscript and supervision throughout. All authors read 
and approved the final manuscript.

Funding
This work was supported by CIISA – Centro de Investigação Interdisci-
plinar em Sanidade Animal, Faculdade de Medicina Veterinária, Univer-
sidade de Lisboa, Lisboa, Portugal (Project UIDB/00276/2020, Funded 

by FCT); and by Laboratório Associado para Ciência Animal e Veterinária 
(LA/P/0059/2020—AL4AnimalS).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The animal was cared for according to the rules given by the current EU 
(Directive 2010/63/EC) and national (DL 113/2013) legislation and by the 
competent authority (Direção Geral de Alimentação e Veterinária, DGAV, www.​
dgv.​min-​agric​ultura.​pt/​portal/​page/​portal/​DGV) in Portugal. Informed con-
sent was obtained from the owner of the animal involved in the case report. 
Trained veterinarians obtained all the samples, following standard routine 
procedures. No animal experiment has been performed in the scope of this 
case report.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 27 January 2023   Accepted: 30 May 2023

References
	1.	 Soltys MA, Sumner-Smith G. Systemic mycoses in dogs and cats. Can Vet 

J. 1971;12(10):191.
	2.	 Brown GD, Denning DW, Gow NAR, Levitz SM, Netea MG, White 

TC. Hidden killers: Human fungal infections. Sci Transl Med. 
2012;4(165):165rv13-165rv13.

	3.	 Tasker S, Knotenbelt CM, Munro EAC, Stonehewer J, Simpson JW, Mackin 
AJ. Aetiology and diagnosis of persistent nasal disease in the dog: a 
retrospective study of 42 cases. J Small Anim Pract. 1999;40(10):473–8.

	4.	 Peeters D, Clercx C. Update on canine sinonasal aspergillosis. Vet Clin 
Small Anim Pract. 2007;37(5):901–16.

	5.	 Burrough E, Deitz K, Kinyon J, Andreasen C, Frana T, Sutton D, et al. Dis-
seminated aspergillosis in a dog due to Aspergillus alabamensis. Med 
Mycol Case Rep. 2012;1(1):1–4. https://​doi.​org/​10.​1016/j.​mmcr.​2012.​02.​
002.

	6.	 Day MJ, Peeters D, Clercx C. Canine Sinonasal Aspergillosis-Penicilliosis. In: 
Greene CE, editor. Infectious diseases of the dog and cat. 4th ed. St. Louis: 
Elsevier Health Sciences; 2013. p. 651–59.

	7.	 Robinson WF, Connole MD, King TJ, Pitt JI, Moss SM. Systemic mycosis due 
to Aspergillus deflectus in a dog. Aust Vet J. 2000;78(9):600–2.

	8.	 Schultz RM, Johnson EG, Wisner ER, Brown NA, Byrne BA, Sykes JE. 
Clinicopathologic and diagnostic imaging characteristics of systemic 
aspergillosis in 30 dogs. J Vet Intern Med. 2008;22(4):851–9.

	9.	 Zhang S, Corapi W, Quist E, Griffin S, Zhang M. Aspergillus versicolor, a new 
causative agent of canine disseminated aspergillosis. J Clin Microbiol. 
2012;50(1):187–91.

	10.	 Tapia ALH, Mejía ECS, Lezama JR, Olivares RAC, Mercado JAQ. Presen-
tación sistémica de Aspergillus spp con semiología neurológica en un 
Pastor Alemán: informe de un caso clínico. Vet México. 2010;41(1):13–24.

	11.	 Sannamwong N, Sutayatram S, Chaivoravitsakul N, Teewasutrakul P, 
Kesdangsakonwut S, Buranakarl C. Systemic aspergillosis involving the 
mediastinum associated with antifungal therapy in a dog. Thai J Vet Med. 
2021;51(3):613–20.

	12.	 Elad D. Disseminated canine mold infections. Vet J. 2019;243:82–90. 
https://​doi.​org/​10.​1016/j.​tvjl.​2018.​11.​016.

	13.	 Kabay MJ, Robinson WF, Huxtable CRR, McAleer R. The pathol-
ogy of disseminated Aspergillus terreus infection in dogs. Vet Pathol. 
1985;22(6):540–7.

https://doi.org/10.1186/s12917-023-03628-x
https://doi.org/10.1186/s12917-023-03628-x
http://www.dgv.min-agricultura.pt/portal/page/portal/DGV
http://www.dgv.min-agricultura.pt/portal/page/portal/DGV
https://doi.org/10.1016/j.mmcr.2012.02.002
https://doi.org/10.1016/j.mmcr.2012.02.002
https://doi.org/10.1016/j.tvjl.2018.11.016


Page 8 of 8Abreu et al. BMC Veterinary Research           (2023) 19:76 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	14.	 Kelly SE, Shaw SE, Clark WT. Long-term survival of four dogs with dis-
seminated Aspergillus terreus infection treated with itraconazole. Aust Vet 
J. 1995;72(8):311–3.

	15.	 Elad D, Lahav D, Blum S. Transuterine transmission of Aspergillus terreus in 
a case of disseminated canine aspergillosis. Med Mycol. 2008;46(2):175–8.

	16.	 Berrya WL, Leisewitza AL. Multifocal Aspergillus terreus discospondylitis in 
two German Shepherd dogs. J S Afr Vet Assoc. 1996;67(4):222–8.

	17.	 Bruchim Y, Elad D, Klainbart S. Disseminated aspergillosis in two dogs in 
Israel. Mycoses. 2006;49(2):130–3.

	18.	 Taylor AR, Young BD, Levine GJ, Eden K, Corapi W, Rossmeisl JH, 
et al. Clinical features and magnetic resonance imaging findings in 
7 dogs with central nervous system aspergillosis. J Vet Intern Med. 
2015;29(6):1556–63.

	19.	 Hogan LH, Klein BS, Levitz SM. Virulence factors of medically important 
fungi. Clin Microbiol Rev. 1996;9(4):469–88.

	20.	 Tomee JFC, Kauffman HF. Putative virulence factors of Aspergillus fumiga-
tus. Clin Exp Allergy. 2000;30(4):476–84.

	21.	 Day MJ, Penhale WJ, Eger CE, Shaw SE, Kabay MJ, Robinson WF, et al. Dis-
seminated aspergillosis in dogs. Aust Vet J. 1981;63(2):55–9.

	22.	 Di Bari S, Gavaruzzi F, De Meo D, Cera G, Raponi G, Ceccarelli G, et al. 
Candida parapsilosis osteomyelitis following dog bite: a case report and 
review of the literature. J Med Mycol. 2022;32(101208):1–6. https://​doi.​
org/​10.​1016/j.​mycmed.​2021.​101208.

	23.	 Gieling F, Peters S, Erichsen C, Richards RG, Zeiter S, Moriarty TF. Bacte-
rial osteomyelitis in veterinary orthopaedics: pathophysiology, clinical 
presentation and advances in treatment across multiple species. Vet J. 
2019;250:44–54. https://​doi.​org/​10.​1016/j.​tvjl.​2019.​06.​003.

	24.	 Brocal J, Del Río FR, Feliu-Pascual AL. Diagnosis and management of 
lumbar Aspergillus spp. discospondylitis using intraoperative cytology 
and external stabilization in a dog with disseminated infection. Open Vet 
J. 2019;9(3):185–9.

	25.	 Corrigan VK, Legendre AM, Wheat LJ, Mullis R, Johnson B, Bemis DA, et al. 
Treatment of disseminated aspergillosis with posaconazole in 10 dogs. J 
Vet Intern Med. 2016;30(1):167–73.

	26.	 Arendrup MC, Jensen RH, Grif K, Skov M, Pressler T, Johansen HK, et al. 
In Vivo Emergence of Aspergillus terreus with Reduced Azole Susceptibility 
and a Cyp51a M217I Alteration. J Infect Dis. 2012;206(6):981–5.

	27.	 Markey B, Leonard F, Archambault M, Cullinane A, Maguire D. Aspergillus 
species and Pneumocystis carinii. In: Markey B, Leonard F, Archambault 
M, Cullinane A, Maguire D, editors. Clinical veterinary microbiology. 
Edinburgh: Elsevier; 2013. p. 481–85.

	28.	 Fisher FW, Cook NB. Fisher FW, editor. Fundamentals of diagnostic mycol-
ogy. Philadelphia: 1998; 1998.

	29.	 Lau A, Chen S, Sorrell T, Carter D, Malik R, Martin P, et al. Development 
and clinical application of a panfungal PCR assay to detect and identify 
Fungal DNA in tissue specimens. J Clin Microbiol. 2007;45(2):380–5.

	30.	 Fernandes M, Carneiro CN, Rosales AMV, Grilo M, Ramiro Y, Cunha E, 
et al. Antimicrobial resistance and virulence profiles of Enterobacterales 
isolated from two- finger and three-finger sloths (Choloepus hoffmanni 
and Bradypus variegatus) of Costa Rica. Antibiotics. 2021;10:e12911.

	31.	 Marques I. Caracterização de Enterococcus spp. e Aeromonas spp. isolados 
de produtos hortícolas de agricultura biológica e convencional. 2016.

	32.	 Freeman DJ, Falkiner FR, Keane CT. New method for detecting slime 
production by coagulase negative staphylococci. J Clin Pathol. 
1989;42(8):872–4.

	33.	 Aktas E, Yigit N. Hemolytic activity of dermatophytes species isolated 
from clinical specimens. J Mycol Med. 2015;25(1):e25-30.

	34.	 Abdou AM. Purification and partial characterization of psychrotrophic 
Serratia marcescens lipase. J Dairy Sci. 2003;86(1):127–32. https://​doi.​org/​
10.​3168/​jds.​S0022-​0302(03)​73591-7.

	35.	 Chrisope GL, Fox CW, Marshall RT. Lecithin agar for detection of microbial 
phospholipases. Appl Environ Microbiol. 1976;31(5):784–6.

	36.	 Sokol PA, Ohman DE, Iglewski BH. A more sensitive plate assay for detec-
tion of protease production by Pseudomonas aeruginosa. J Clin Microbiol. 
1979;9(4):538–40.

	37.	 Pitt TL, Dey D. A method for the detection of gelatinase production by 
bacteria. J Appl Bacteriol. 1970;33(4):687.

	38.	 Singh SK, Ekka R, Mishra M, Mohapatra H. Association study of multiple 
antibiotic resistance and virulence: a strategy to assess the extent of risk 
posed by bacterial population in aquatic environment. Environ Monit 
Assess. 2017;189:320.

	39.	 Greub G, Bille J. Aspergillus species isolated from clinical specimens: Sug-
gested clinical and microbiological criteria to determine significance. Clin 
Microbiol Infect. 1998;4(12):710–6.

	40.	 Samson RA, Peterson SW, Frisvad JC, Varga J. New species in Aspergillus 
section Terrei. Stud Mycol. 2011;69(1):39–55. https://​doi.​org/​10.​3114/​sim.​
2011.​69.​04.

	41.	 Blum G, Perkhofer S, Haas H, Schrettl M, Wurzner R, Dierich MP, et al. 
Potential basis for amphotericin B resistance in aspergillus terreus. Antimi-
crob Agents Chemother. 2008;52(4):1553–5.

	42.	 Lass-Florl C, Alastruey-izquierdo A, Cuenca-Estrella M, Perkhofer S, 
Rodriguez-Tudela JL. In vitro activities of various antifungal drugs against 
Aspergillus terreus: global assessment using the methodology of the 
European Committee on Antimicrobial Susceptibility Testing. Antimicrob 
Agents Chemother. 2009;53(2):794–5.

	43.	 Zoran T, Sartori B, Sappl L, Aigner M, Sánchez-Reus F, Rezusta A, et al. 
Azole-resistance in Aspergillus terreus and related species: an emerging 
problem or a rare phenomenon? Front Microbiol Microbiol. 2018;9:516.

	44.	 Mezher MA. Identification study some virulence factors of invasiva mold 
infections isolated from patients undergoins chemotherapy in Tikrit 
teaching Hospital. Egypt Acad J Biol Sci. 2015;7(1):1–11.

	45.	 Loussert C, Schmitt C, Prevost M-C, Balloy V, Fadel E, Philippe B, et al. 
In vivo biofilm composition of Aspergillus fumigatus. Cell Microbiol. 
2010;12(3):405–10.

	46.	 Raksha, Singh G, Urhekar AD. Virulence factors detection in Aspergillus 
isolates from clinical and environmental samples. J Clin Diagnostic Res. 
2017;11(7):13–8.

	47.	 Thomas WB. Diskospondylitis and other vertebral infections. Vet Clin 
North Am Small Anim Pract. 2000;30(1):169–82. https://​doi.​org/​10.​1016/​
S0195-​5616(00)​50008-4.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.mycmed.2021.101208
https://doi.org/10.1016/j.mycmed.2021.101208
https://doi.org/10.1016/j.tvjl.2019.06.003
https://doi.org/10.3168/jds.S0022-0302(03)73591-7
https://doi.org/10.3168/jds.S0022-0302(03)73591-7
https://doi.org/10.3114/sim.2011.69.04
https://doi.org/10.3114/sim.2011.69.04
https://doi.org/10.1016/S0195-5616(00)50008-4
https://doi.org/10.1016/S0195-5616(00)50008-4

	Osteomyelitis caused by Aspergillus terreus complex in a dog: a case report
	Abstract 
	Background 
	Case presentation 
	Conclusions 

	Background
	Case presentation
	Discussion and conclusions
	Anchor 9
	Acknowledgements
	References


