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A B S T R A C T

Aspergillosis causes significant health risks to both birds and mammals. The outcome of these infections is often poor due to delayed diagnosis and treatment failure. 
We investigated 152 cases of aspergillosis from birds and mammals in Belgium. Most samples originated from the taxonomic orders Artiodactyla (40.1 %) and 
Columbiformes (19.7 %). Five isolates (3.3 %) showed phenotypical resistance against at least one medical azole. Three of these isolates were pan-azole resistant 
bearing the TR34/L98H mutation. The predominance of this resistance mutation supports an environmental route for exposure and resistance selection, highlighting 
the importance of the One Health concept.

1. Introduction

Aspergillosis, primarily caused by the fungus Aspergillus fumigatus, 
poses a significant health risk to both birds and mammals, leading to 
illness and death. Aspergillosis in birds is quite common and affects birds 
of all ages and environments. In comparison, aspergillosis is less prev-
alent in mammals, regardless of the increasing number of immuno-
compromised animals [1]. Exceptions include canine sinonasal 
aspergillosis, equine guttural pouch mycosis and bovine mycotic abor-
tion caused by Aspergillus spp. [1–3]. Predisposing factors for the 
development of aspergillosis in birds and mammals consists of immu-
nosuppression, previous debilitating illnesses, stress factors and envi-
ronmental factors [1,4,5]. These latter factors can consist of 
contaminated feed, soil and bedding or poor husbandry such as poor 
ventilation, high humidity, and warm temperatures [1]. The mode of 
entry is presumed to be oropharyngeal during inhalation, as such the 
most frequently affected areas are the head region for mammals, and 
lungs and air sacs in birds [1]. Diagnosis often occurs late and diagnostic 
tools are scarce, inaccurate or expensive, which limits the chance of 
timely treatment [6]. Additionally, because of the concurrent severe 
underlying diseases in mammals, treatment or prophylaxis is chal-
lenging [5]. The emergence of azole resistance in A. fumigatus in the 

clinics and the environment has become a major concern. This emer-
gence of resistance also creates additional difficulties for the treatment 
of aspergillosis in veterinary medicine [7–10]. The pathogen 
A. fumigatus is a perfect example of the interconnectedness of human, 
animal, and environmental health that are taken into account in the 
framework of the OneHealth approach [11]. In this study we aimed to 
contribute to the understanding of the occurrence of azole resistance in 
veterinary aspergillosis caused by in A. fumigatus in Belgium in the 
OneHealth perspective.

2. Methods

Between 01/2020 and 01/2024, 152 cases of animal aspergillosis 
caused by A. fumigatus were identified by Zoolyx (n = 70), Animal health 
care Flanders (n = 60), Ghent University (n = 15), the Regional Asso-
ciation for Animal Health and Identification Wallonia (ARSIA) (n = 4) 
and the Scientific Department of Avian Virology and Immunology of 
Sciensano (n = 3). Diagnosis of aspergillosis was based on macroscopic 
lesions suspected of aspergillosis, detection of fungal hyphae during 
histological examination, and isolation and identification via culture of 
the fungus of the affected organs. Necropsy was performed on 131 an-
imals (86.2 %). Cases were identified based on fungal morphology after 
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three to five days of growth on malt chloramphenicol (0.5 %; MC) at 
37 ◦C and confirmed using MALDI-TOF MS identification [12].

Data on antibiotic and antifungal treatment were available for 70 
animals (46.05 %), however no details on duration or which treatment 
was used was available. Out of these, 44 (62.86 %) received antibiotic 
treatment, whereas only 2 (2.86 %) were treated with antifungals. No 
data were available for 82 animals (53.9 %).

Azole susceptibility testing was performed on all isolates (n = 152) 
using the broth microdilution method following EUCAST guidelines (E. 
Def. 9.4) to determine the minimum inhibitory concentrations (MICs) to 
the medical azoles voriconazole, itraconazole, isavuconazole and pos-
aconazole. In the absence of veterinary breakpoints for predicting the 
clinical response to therapy in mammals and birds, human clinical 
breakpoints were used (EUCAST v10.0). Sanger sequencing of the 
cyp51A gene, the target gene of the azoles, was performed on the isolates 
showing phenotypical azole resistance.

3. Results

All isolates were confirmed as A. fumigatus by MALDI-TOF MS. 
A. fumigatus isolates were cultured from various animal species and 
infection sites. Among the avian and mammalian species, the taxonomic 
orders Artiodactyla (n = 61, 40.1 %) and Columbiformes (n = 30; 19.7 
%) were respectively the most frequently observed, followed by Peri-
ssodactyla (n = 13, 8.6 %), Charadriiformes (n = 12, 7.9 %), Psittaci-
formes (n = 7, 4.6 %), Carnivora (n = 7, 4.6 %) and Passeriformes (n = 6, 
3.9 %) (Table 1). Most individuals were production animals (n = 62, 
40.8 %), all belonging to Artiodactyla, while 60 other animals were pets 
(39.5 %), including 29 pigeons, 13 horses, 6 dogs, 3 grey parrots, 2 
macaws, 1 Rosella parrot and one cat. The cases also included 18 wild 
birds (11.8 %) consisting of 10 common guillemots (Uria aalge), one 
razorbill (Alca torda), one Eurasian collared dove (Streptopelia decaocto), 
one Red-throated loon (Gavia stellata), one great crested grebe (Podiceps 
cristatus), one northern gannet (Morus bassanus) and two other Passer-
iformes. Twelve birds (7.9 %) were sent from zoos and included four 
Humboldt penguins (Spheniscus humboldti), common scoter (Melanitta 
nigra), one freckled duck (Stictonetta naevosa) and a tree duck (subfamily 
Dendrocygninae), one swift parrot (Lathamus discolor), one squacco 
heron (Ardeola ralloides), one Bird-of-paradise (family Paradisaeidae), 

one cinereous vulture (Aegypius monachus) and one crested oropendola 
(Psarocolius decumanus)(Table 1).

In total, 88 respiratory samples (57.9 %) and 50 samples from the 
digestive system (32.9 %) were included. Out of the 88 respiratory 
samples, 64 (72.7 %) originated from avian species, whereas 48/50 
samples (96.0 %) from the digestive tract were obtained from cattle. 
Additionally, six samples were obtained from the reproductive system 
(four from the uterus and two from the placenta) and eight originated 
from various other sources: abscess, ear, skin, kidney, pericardium swab, 
ear canal, tongue swab and a foot abscess (Table 1).

MIC testing identified five isolates (3.3 %) that showed phenotypical 
resistance against at least one medical azole. No elevated MIC values 
were present in the other isolates (n = 147) for all four medical azoles, 
showing no evidence of acquired resistance in avian or mammalian 
populations (Fig. 1). Azole resistance was cyp51A mediated in 80 % of 
resistant isolates.

Among the avian isolates, two azole resistant A. fumigatus (ARAf) 
isolates (2/71, 2.8 %) were isolated from birds living in captivity (pi-
geons). Both birds received antibiotic treatment but no antifungal 
treatment. No details were provided about the treatment regimen. They 
displayed the pan-azole resistant phenotype and carried the TR34/L98H 
mutation in the cyp51A gene (Table 2).

The remaining three ARAf isolates (3/81, 3.7 %) were isolated from 
mammals: 2 cows and one cat. The cat (IHEM 28552) received antibiotic 
and antifungal treatment and displayed resistance to voriconazole, isa-
vuconazole and posaconazole. This A. fumigatus strain was isolated from 
an infected ear of a cat. One isolate (IHEM 28550) originating from 
cattle displayed the pan-azole resistant phenotype and carried the 
TR34/L98H mutation. The other isolate (IHEM 28429) displayed resis-
tance to posaconazole but was susceptible to itraconazole. Regarding 
voriconazole and isavuconazole, the MIC value was in the area of 
technical uncertainty (ATU). The isolate displayed the F46Y, M172V, 
E427K, N248T, D255E polymorphism. These polymorphisms have been 
detected in both azole resistant as azole susceptible isolates [15].

4. Discussion

This study showed the presence of pan-azole resistant A. fumigatus 
isolates in veterinary cases. Scarce data is available on azole resistance 

Table 1 
Number and taxonomy of animals with veterinary aspergillosis according to their origin and sample type.

Taxonomic order Origin Sample type Necropsy

Pet Production Wild Zoo Digestive 
system

Reproduction 
system

Respiratory 
system

Other*

Avian (n = 71) Accipitriformes (n = 1) 0 0 0 1 0 0 1 0 1
Anseriformes (n = 4) 1 0 0 3 0 0 3 1 3
Charadriiformes (n =
12)

0 0 12 0 0 0 12 0 12

Columbiformes (n =
30)

29 0 1 0 0 0 27 3 30

Galliformes (n = 3) 2 1 0 0 0 0 2 1 3
Gaviiformes (n = 1) 0 0 1 0 0 0 1 0 1
Passeriformes (n = 6) 2 0 2 2 2 0 4 0 6
Pelecaniformes(n = 1) 0 0 0 1 0 0 1 0 1
Podicipediformes (n =
1)

0 0 1 0 0 0 1 0 1

Psittaciformes (n = 7) 6 0 0 1 0 0 7 0 7
Sphenisciformes (n =
4)

0 0 0 4 0 0 4 0 3

Suliformes (n = 1) 0 0 1 0 0 0 1 0 0
Mammal (n =

81)
Artiodactyla (n = 61) 0 61 0 0 48 3 9 1 60

Carnivora (n = 7) 7 0 0 0 0 0 5 2 1
Perissodactyla (n = 13) 13 0 0 0 0 3 10 0 2

Total (n = 152) 60 
(39.5 
%)

62 
(40.8 %)

18 
(11.8 
%)

12 
(7.9 
%)

50 
(32.9 %)

6 
(3.9 %)

88 
(57.9 %)

8*
(5.3 %)

131 
(86.2 %)

* other sample types include: abscess, ear, skin, kidney, pericardium swab, ear canal, tongue swab and foot abscess.
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frequency in A. fumigatus from animals. However, azole resistance in 
veterinary medicine might be an increasing concern due to the rise of 
azole resistance in the environment, since infection generally has an 
environmental source in veterinary aspergillosis [1]. Here, we observed 
an overall resistance rate of 3.3 %, with resistant isolates found in birds 
(2.8 %) and in mammals (3.7 %). The prevalence of resistance in isolates 
from birds was higher than in other studies on avian aspergillosis 
[16,17], but lower than described in Humboldt penguins in Belgium [8]. 
An overall prevalence of ARAf of 11.3 % was observed in veterinary 
clinical isolates in the Netherlands, which is similar to the frequency 
observed in humans in the Netherlands [18]. The difference in ARAf 
prevalence in animals between Belgium and the Netherlands might be 
explained by the presence of hotspots and the consequently higher 
environmental prevalence of ARAf in the Netherlands [19], compared to 
Belgium's 2.6 % [20]. A Belgian surveillance program at the tertiary care 
center, University Hospitals Leuven, assessed the prevalence of triazole 
resistance in A. fumigatus from complex culture-positive patients in 
clinical isolates from 2016 to 2020. The surveillance revealed triazole 
resistance prevalence rates of 8.3 %, 6.7 %, 7.0 %, 7.1 %, and 7.4 % for 

the years 2016–2020 respectively [21]. In comparison, in the same 
period, a Dutch national surveillance program reported significant 
higher triazole resistance prevalence rates of 12.9 %, 14.7 %, 10.5 %, 
9.1 % and 8.2 % from 2016 to 2020 respectively (two-sample Wilcoxon 
rank-sum test; p-value = 0.016 [18].

The observed overall occurrence of resistance was lower than the 
prevalence reported in human cases in Belgium [21]. Caution is however 
needed when interpreting the prevalence of resistance data, as these 
samples were not derived from a systematic monitoring program, 
potentially introducing bias. Additionally, no clinical breakpoints 
currently exist for A. fumigatus in veterinary medicine. Clinical break-
points used in human medicine are often applied to interpret suscepti-
bility patterns in animals, however, the predictive value of susceptibility 
data might be limited due to the difference in anatomical and physio-
logical characteristics [3]. Nevertheless, applying these clinical break-
points can help indicate the potential presence of cyp51A mutations. In 
this study, 80 % of the resistance mutations was related to the cyp51A 
gene, which is in line with the Belgian human population [21]. One 
isolate did not display any mutation in the cyp51A gene, but other 

Fig. 1. Azole susceptibility in avian and mammalian Aspergillus fumigatus isolates (n = 152). Minimal inhibitory concentration (MIC) values for itraconazole (ITC), 
posaconazole (POSA), isavuconazole (ISA), and voriconazole (VOR) were determined using broth microdilution following EUCAST protocol E.DEF 9.4 20. No isolates 
displayed itraconazole MIC values of 2, 4, or 8; therefore, these values are not shown in the graph. The red line represents the clinical breakpoint (EUCAST v10.0). 
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Table 2 
Minimal inhibitory concentration against medical azoles data and their related cyp51A gene sequencing result.

Accession number Species Sample type Year of isolation MIC (mg/L)1 cyp51A mutations

VOR ITC ISA POS

28,429 Cow Digestive 2020 2 0,5 2 0,5 F46Y, M172V, E427K, N248T, D255E
28,550 Cow Digestive 2020 4 >16 8 1 TR34/L98H
28,552 Cat Ear 2021 8 1 2 2 no mutation
29,030 Pigeon Respiratory 2023 4 >16 8 1 TR34/L98H
29,031 Pigeon Respiratory 2023 4 >16 8 1 TR34/L98H

MIC = Minimal inhibitory concentration; VOR = voriconazole; ITC = itraconazole, ISA = isavuconazole; POS = posaconazole. MIC was determined following the 
EUCAST method for susceptibility testing of moulds (version 9.4). Numbers in bold represents phenotypical resistance according to EUCAST clinical breakpoints for 
fungi v10.0 [13,14]. The isolates were deposited in the BCCM/IHEM collection under the mentioned accession numbers (https://bccm.belspo.be/about-us/bccm-ihem
).
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mechanisms that confer azole resistance in A. fumigatus exist and are 
known to circulate in the environment at low frequencies [22]. The 
presence of the TR34/L98H mutation in the veterinary isolates, which 
knows its origin in the environment, suggests a possible link with the 
environment from which the animals could have inhaled the resistant 
spores [23]. Here, we did not observe single nucleotide polymorphisms 
(SNPs) in the cyp51A gene, which are generally related to development 
of resistance through prolonged treatment. Although the current study 
was restricted by the limited data provided concerning the antibiotic or 
antifungal treatment regimens, this suggests that, similar to human 
medicine, the environmental route is dominant in veterinary medicine.

In this study, all isolates were identified as A. fumigatus by MALDI- 
TOF MS. We acknowledge the limitation that species-level identifica-
tion was not further confirmed by sequencing. However, several studies 
indicate a very low prevalence of cryptic species, with A. fumigatus sensu 
stricto remaining the predominant causal agent within the Fumigati 
section in birds [24,25]. For instance, Berber et al. and Sabino et al. 
reported no cryptic species [16,25], while Cateau et al. identified only 
one cryptic species (A. nishimurae) [26].

Generally, treating aspergillosis in animals presents challenges and is 
associated with poor outcomes [1,2]. The treatment of aspergillosis in 
animals is often prolonged, and assessing its effectiveness can be chal-
lenging. Moreover, in some cases, treatment is no longer viable due to 
delayed diagnosis. If infection with an azole-resistant A. fumigatus strain 
is suspected, alternative antifungal options such as liposomal ampho-
tericin B or caspofungin may be considered [27]. Considering the 
increasing rates of azole resistance in the environment and the risk of 
animal infections through the inhalation of airborne conidia, raising 
awareness among veterinarians is essential. Prevention through mea-
sures such as avoiding the inhalation of conidia by maintaining mold- 
free husbandry practices or feed is crucial. Do Nascimento et al. found 
that introducing A. fumigatus into waste piles from horse stables can 
facilitate composting and decrease total coliforms [28]. However, while 
the transmission of A. fumigatus from infected animals to humans is 
improbable, the potential for a high density of environmental Aspergillus 
conidia in animal housing due to this practice may elevate the risk of 
inhalation for both horses and humans, posing a significant threat of 
invasive infections, particularly in hematological and immunocompro-
mised patients [29,30].

Our study demonstrates that azole resistance is present in clinical 
A. fumigatus isolates from birds and mammals in Belgium at a similar 
frequency as observed in the environment. The predominance of cyp51A 
TR34/L98H resistance mutation supports an environmental route for 
resistance selection. With the growing concern of azole resistance in 
both the environment and human medicine, further investigation into 
azole resistance in veterinary medicine is imperative for implementing 
effective control measures and maintaining the efficacy of antifungal 
treatments in veterinary practice.
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mont (Association Régionale de Santé et d'Identification Animales) for 
kindly providing A. fumigatus strains. The authors are grateful for the 
technical support of Karine Goens, Jessie Claessens and Elien De Vits.

References

[1] L.A. Tell, Aspergillosis in mammals and birds: impact on veterinary medicine, Med. 
Mycol. 43 (2005) S71–S73, https://doi.org/10.1080/13693780400020089.

[2] O. Dobesova, B. Schwarz, K. Velde, P. Jahn, Z. Zert, B. Bezdekova, Guttural pouch 
mycosis in horses: a retrospective study of 28 cases, Vet. Rec. 171 (2012) 561, 
https://doi.org/10.1136/vr.100700.

[3] D. Elad, E. Segal, Diagnostic aspects of veterinary and human aspergillosis, Front. 
Microbiol. 9 (2018), https://doi.org/10.3389/fmicb.2018.01303.

[4] J.C. Higgins, N. Pusterla, Fungal pneumonia in horses, clinical techniques in 
equine, Practice 5 (2006) 218–224, https://doi.org/10.1053/j.ctep.2006.03.017.

[5] U.P. Melo, C. Ferreira, S.W.M. Barreto, Pulmonary aspergillosis in a horse: a case 
report, Braz J Vet Med 46 (2024) e004723, https://doi.org/10.29374/2527-2179. 
bjvm004723.

[6] G. Desoubeaux, C. Cray, A. Chesnay, Challenges to establish the diagnosis of 
aspergillosis in non-laboratory animals: looking for alternatives in veterinary 
medicine and demonstration of feasibility through two concrete examples in 
penguins and dolphins, Front. Cell. Infect. Microbiol. 12 (2022) 757200, https:// 
doi.org/10.3389/fcimb.2022.757200.

[7] L.A. Beernaert, F. Pasmans, L. Van Waeyenberghe, G.M. Dorrestein, F. Verstappen, 
F. Vercammen, F. Haesebrouck, A. Martel, Avian aspergillus fumigatus strains 
resistant to both itraconazole and voriconazole, Antimicrob. Agents Chemother. 53 
(2009) 2199–2201, https://doi.org/10.1128/AAC.01492-08.

[8] H. Debergh, P. Becker, F. Vercammen, K. Lagrou, R. Haesendonck, C. Saegerman, 
A. Packeu, Pulmonary aspergillosis in Humboldt penguins—susceptibility patterns 
and molecular epidemiology of clinical and environmental aspergillus fumigatus 
isolates from a Belgian zoo, 2017–2022, Antibiotics 12 (2023) 584, https://doi. 
org/10.3390/antibiotics12030584.

[9] G. Ziołkowska, S. Tokarzewski, A. Nowakiewicz, Drug resistance of aspergillus 
fumigatus strains isolated from flocks of domestic geese in Poland, Poult. Sci. 93 
(2014) 1106–1112, https://doi.org/10.3382/ps.2013-03702.

[10] P.S. Martinez, R.D. Whitley, C.E. Plummer, R.L. Richardson, R.E. Hamor, J.F. 
X. Wellehan, In vitro antifungal susceptibility of fusarium species and aspergillus 
fumigatus cultured from eleven horses with fungal keratitis, Vet. Ophthalmol. 25 
(2022) 376–384, https://doi.org/10.1111/vop.12995.

[11] O.H.H.-L.E. Panel (OHHLEP), W.B. Adisasmito, S. Almuhairi, C.B. Behravesh, P. 
Bilivogui, S.A. Bukachi, N. Casas, N.C. Becerra, D.F. Charron, A. Chaudhary, J.R.C. 
Zanella, A.A. Cunningham, O. Dar, N. Debnath, B. Dungu, E. Farag, G.F. Gao, D.T. 
S. Hayman, M. Khaitsa, M.P.G. Koopmans, C. Machalaba, J.S. Mackenzie, W. 
Markotter, T.C. Mettenleiter, S. Morand, V. Smolenskiy, L. Zhou, One health: a new 
definition for a sustainable and healthy future, PLoS Pathog. 18 (2022) e1010537, 
https://doi.org/10.1371/journal.ppat.1010537.

[12] A.C. Normand, P. Becker, F. Gabriel, C. Cassagne, I. Accoceberry, M. Gari- 
Toussaint, L. Hasseine, D. De Geyter, D. Pierard, I. Surmont, F. Djenad, J. 
L. Donnadieu, M. Piarroux, S. Ranque, M. Hendrickx, R. Piarroux, Validation of a 
new web application for identification of Fungi by use of matrix-assisted laser 
desorption ionization-time of flight mass spectrometry, J. Clin. Microbiol. 55 
(2017) 2661–2670, https://doi.org/10.1128/JCM.00263-17.

[13] Guinea et al, Method for the determination of broth dilution minimum inhibitory 
concentrations of antifungal agents for conidia forming moulds. https://www.eu 
cast.org/astoffungi/methodsinantifungalsusceptibilitytesting/ast_of_moulds, 2022.

[14] EUCAST, EUCAST: Breakpoints for Antifungals. https://www.eucast.org/as 
toffungi/, 2020 (accessed February 1, 2023).

[15] A. Chowdhary, C. Sharma, J.F. Meis, Azole-resistant aspergillosis: epidemiology, 
molecular mechanisms, and treatment, J. Infect. Dis. 216 (2017) S436–S444, 
https://doi.org/10.1093/infdis/jix210.

[16] A.E. Barber, S. Scheufen, G. Walther, O. Kurzai, V. Schmidt, Low rate of azole 
resistance in cases of avian aspergillosis in Germany, Med. Mycol. 58 (2020) 
1187–1190, https://doi.org/10.1093/mmy/myaa045.

[17] U. Nawrot, A. Wieliczko, K. Włodarczyk, E. Kurzyk, A. Brillowska-Dąbrowska, Low 
frequency of itraconazole resistance found among aspergillus fumigatus originating 
from poultry farms in Southwest Poland, J. Mycol. Médicale 29 (2019) 24–27, 
https://doi.org/10.1016/j.mycmed.2018.12.005.

[18] M.A.M. van Dijk, J.B. Buil, M. Tehupeiory-Kooreman, M.J. Broekhuizen, E. 
M. Broens, J.A. Wagenaar, P.E. Verweij, Azole resistance in veterinary clinical 
aspergillus fumigatus isolates in the Netherlands, Mycopathologia 189 (2024) 50, 
https://doi.org/10.1007/s11046-024-00850-5.

[19] S.E. Schoustra, A.J.M. Debets, A.J.M.M. Rijs, J. Zhang, E. Snelders, P.C. Leendertse, 
W.J.G. Melchers, A.G. Rietveld, B.J. Zwaan, P.E. Verweij, Environmental Hotspots 

H. Debergh et al.                                                                                                                                                                                                                                One Health 19 (2024) 100907 

4 

https://doi.org/10.1080/13693780400020089
https://doi.org/10.1136/vr.100700
https://doi.org/10.3389/fmicb.2018.01303
https://doi.org/10.1053/j.ctep.2006.03.017
https://doi.org/10.29374/2527-2179.bjvm004723
https://doi.org/10.29374/2527-2179.bjvm004723
https://doi.org/10.3389/fcimb.2022.757200
https://doi.org/10.3389/fcimb.2022.757200
https://doi.org/10.1128/AAC.01492-08
https://doi.org/10.3390/antibiotics12030584
https://doi.org/10.3390/antibiotics12030584
https://doi.org/10.3382/ps.2013-03702
https://doi.org/10.1111/vop.12995
https://doi.org/10.1371/journal.ppat.1010537
https://doi.org/10.1128/JCM.00263-17
https://www.eucast.org/astoffungi/methodsinantifungalsusceptibilitytesting/ast_of_moulds
https://www.eucast.org/astoffungi/methodsinantifungalsusceptibilitytesting/ast_of_moulds
https://www.eucast.org/astoffungi/
https://www.eucast.org/astoffungi/
https://doi.org/10.1093/infdis/jix210
https://doi.org/10.1093/mmy/myaa045
https://doi.org/10.1016/j.mycmed.2018.12.005
https://doi.org/10.1007/s11046-024-00850-5


for Azole Resistance Selection of Aspergillus fumigatus , the Netherlands, Emerg. 
Infect. Dis. 25 (2019) 1347–1353, https://doi.org/10.3201/eid2507.181625.

[20] H. Debergh, P. Castelain, K. Goens, P. Lefevere, J. Claessens, E. De Vits, M. Vissers, 
L. Blindeman, C. Bataille, C. Saegerman, A. Packeu, Detection of pan-azole resistant 
aspergillus fumigatus in horticulture and a composting facility in Belgium, Med. 
Mycol. 62 (2024) myae055, https://doi.org/10.1093/mmy/myae055.

[21] A. Resendiz-Sharpe, R. Merckx, P.E. Verweij, J. Maertens, K. Lagrou, Stable 
prevalence of triazole-resistance in Aspergillus fumigatus complex clinical isolates in 
a Belgian tertiary care center from 2016 to 2020, J. Infect. Chemother. 27 (2021) 
1774–1778, https://doi.org/10.1016/j.jiac.2021.08.024.

[22] C. Sharma, S. Nelson-Sathi, A. Singh, M. Radhakrishna Pillai, A. Chowdhary, 
Genomic perspective of triazole resistance in clinical and environmental aspergillus 
fumigatus isolates without cyp51A mutations, Fungal Genet. Biol. 132 (2019) 
103265, https://doi.org/10.1016/j.fgb.2019.103265.

[23] E. Snelders, R.A.G. Huis in ’t Veld, A.J.M.M. Rijs, G.H.J. Kema, W.J.G. Melchers, P. 
E. Verweij, Possible environmental origin of resistance of aspergillus fumigatus to 
medical Triazoles, Appl. Environ. Microbiol. 75 (2009) 4053–4057, https://doi. 
org/10.1128/AEM.00231-09.

[24] A.M. Melo, R.P. da Silva-Filho, V.R. Poester, A. von Groll, C.G. Fernandes, D. 
A. Stevens, R. Sabino, M.O. Xavier, Aspergillosis in free-ranging aquatic birds, 
Medical Mycology Case Reports 28 (2020) 36–38, https://doi.org/10.1016/j. 
mmcr.2020.04.005.

[25] R. Sabino, J. Burco, J. Valente, C. Veríssimo, K.V. Clemons, D.A. Stevens, L.A. Tell, 
Molecular identification of clinical and environmental avian aspergillus isolates, 

Arch. Microbiol. 201 (2019) 253–257, https://doi.org/10.1007/s00203-019- 
01618-y.

[26] E. Cateau, A. Leclerc, N. Cartier, I. Valsecchi, É. Bailly, R. Le Senechal, M. Becerra, 
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