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a b s t r a c t 

Objectives: To describe the mycological profile of culture-proven osteoarticular mycoses (OAM) at a 5400- 

bed university hospital (2017-2024) according to clinical syndromes, and assess antifungal resistance 

trends. 

Methods: Adults with deep osteoarticular specimens (bone, joint fluid, prosthetic material) positive by 

culture were retrospectively included. Isolations within ±15 days were grouped as a sample batch (SB). 

Patients were classified into four categories: “Traumatic injury infection,’’ “Infection of prostheses and 

other materials,’’ “Craniofacial infection’’ and “Other infections’’. Antifungal susceptibility testing (AST) 

was performed using gradient strips. 

Results: Three hundred fifty-seven patients yielded 1993 analyzed specimens and 380 SB. Yeasts pre- 

dominated outside “Traumatic injury infection’’ (range from 88.3 to 96.2%), mainly Candida albicans and 

Candida parapsilosis , whereas “Traumatic injury infection’’ was mold-dominant (64.0%), chiefly Aspergillus 

and Fusarium . AST was available for 306/357 (85.7%) Candida isolates; fluconazole resistance was found in 

12/36 (33.3%) Candida glabrata , 5/67 (7.5%) C. parapsilosis, and 2/21 (9.5%) Candida tropicalis . No Aspergillus 

resistance was detected. Recurrence occurred in 18/357 (5.0%) patients; three developed azole resistance. 

Conclusions: OAM shows syndrome-specific fungal profiles, supporting syndrome-adapted diagnostic and 

therapeutic approaches. Although susceptibility profiles were largely stable, resistant and evolving phe- 

notypes justify repeat culture and susceptibility testing during follow-up of these chronic infections. 

© 2026 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. This is an open access article under the CC BY license 

( http://creativecommons.org/licenses/by/4.0/ ) 
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Osteoarticular mycoses (OAM) are uncommon infections that 

re difficult to diagnose and manage [ 1 ]. These conditions can af- 

ect bones and joints and can occur in native bone or in a peripros-

hetic implant environment [ 2 , 3 ]. In regions outside endemic areas 

or dimorphic fungi (particularly Blastomycosis and Coccidioidomy- 
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osis), the main fungal etiologies are species from the Candida and 

spergillus genera, although any fungal species capable of growing 

t human temperature can cause infection [ 4 ]. As with bacterial 

steoarticular infections, OAMs can occur in several routes of in- 

ection, via hematogenous spread from a primary source located 

t variable distances, via contiguity from a superficial site of infec- 

ion, or via direct inoculation, such as in the case of trauma with 

n open fracture, with exposure to environmental contamination 

 5 , 6 ]. The colonization of fungi on bone surfaces or abiotic sur-

aces, such as orthopedic implants, is closely linked to biofilm for- 

ation. Biofilm formation involves a dynamic process that can be 

escribed in four stages: adhesion, accumulation, maturation, and 
iety for Infectious Diseases. This is an open access article under the CC BY license 
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ispersion [ 6 , 7 ]. The production of biofilm by pathogenic fungi also 

xplains the difficulty in treating these invasive infections, as sys- 

emic antifungals are less effective on biofilm than on planktonic 

ells [ 8 ]. 

It is difficult to target a population of at-risk patients, as 

hese pathologies can affect both immunocompromised and im- 

unocompetent patients [ 4 ]. Immunocompromised patients may 

e at risk of developing primary or secondary osteoarticular forms 

through hematogenous dissemination after pulmonary localiza- 

ion, for example) [ 9 , 10 ], while immunocompetent patients may 

evelop severe disease following direct inoculation, particularly in 

ases of road traffic accidents [ 11 ]. Thus, depending on the clini- 

al context, the diagnosis of these infections requires the combi- 

ation of various elements, including clinical signs, imaging, and 

aboratory tests. Regarding imaging findings, computed tomogra- 

hy (CT) imaging can be used to visualize bone destruction or joint 

pace narrowing, while magnetic resonance imaging (MRI) can be 

sed to visualize focal or diffuse marrow involvement [ 12 ]. Re- 

arding microbiological diagnosis, consensus definitions from in- 

ernational societies have been established to define bone, joint, or 

eriprosthetic infections, but these are primarily focused on bac- 

erial infections [ 13–15 ]. However, it could be difficult to apply 

hese approaches to fungal organisms, as culture results are not 

onsistently interpreted in the same way as in bacteriology, partic- 

larly for filamentous fungi, where a single colony appearing after 

everal days may still be relevant. Moreover, fungal culture using 

edicated media, appropriate incubation temperatures, and longer 

ncubation times than those used for bacteria are not systemati- 

ally performed. Thus, OAM is considered proven in any patient 

ith a positive culture and/or positive histology from bone tissue, 

ynovial fluid, or prostheses [ 6 ]. To aid the interpretation of mi- 

robiological cultures of precious samples (joint fluids, bone biop- 

ies), combining a histopathological examination with culture re- 

ults may be decisive in diagnosing confirmed OAM [ 16 , 17 ]. Given

he rarity of these infections and the difficulty of diagnosing them, 

t could be challenging to conduct studies on large cohorts unless 

ulticenter studies are performed [ 18 ]. 

Our objective was therefore to conduct a single-center retro- 

pective study to describe culture-proven osteoarticular mycoses 

ccurring between 2017 and 2024 in a 5400-bed university teach- 

ng hospital, focusing on microbiological data and analyzing trends 

n antifungal resistance over time. 

ethods 

tudy design and participant inclusion 

This retrospective study was performed at Lyon University Hos- 

itals, with a data collection period from January 1, 2017, to De- 

ember 31, 2024. All patients for whom one or more deep os- 

eoarticular samples (bone biopsy, bone, joint fluid, prosthetic ma- 

erial) were collected and sent to the microbiology laboratory were 

onsidered. Patients over the age of 18 with fungal isolation by 

ulture in at least one deep osteoarticular sample were included 

n the subsequent analysis. Pediatric cases were excluded because 

he pediatric subgroup was too small and clinically heterogeneous 

o allow for a meaningful stratified analysis. Diagnoses made ex- 

lusively by molecular detection (whether targeted or panfungal 

CR) were not included. Patients for whom the diagnosis of OAM 

ad been ruled out or for whom there was insufficient informa- 

ion were excluded from the analysis, including laboratory contam- 

nation (clearly indicated on patient reports), and lack of standard 

linical information. Samples that appeared to be superficial but 

ere mistakenly recorded as deep samples were excluded from 

he analysis. Regarding infections of prosthetic devices, the sam- 

le may have been collected intraoperatively during one of the 
2

tages of surgical management of a previous potential prosthetic 

nfection. For patients fulfilling the criteria for proven osteoarticu- 

ar mycosis [ 6 ], each sample batch (SB) was distinguished as cor- 

esponding to the isolation period of fungi in the same batch of 

amples collected within ±15 days from previous or next deep os- 

eoarticular sampling. 

For each patient and each SB, clinical and microbiological in- 

ormation was collected. Clinical information was extracted from 

he minimum data provided to the laboratory when the samples 

ere sent, as well as from the medical summaries prepared upon 

he patient’s admission. These included demographic data, anatom- 

cal localization of the infection, and hospitalization context. Di- 

betes status, immunocompromised status (hematologic malig- 

ancies, solid organ transplantation, immunosuppressive therapy, 

ong-term corticosteroid therapy), and intensive care unit admis- 

ion status at the time of sample collection were also extracted 

rom the patients’ medical summaries. When these variables were 

ot explicitly documented, they were treated as unavailable. No 

ystematic full chart review was performed, thus, imaging data, 

ncluding PET-CT, were not captured. Considering the laboratory- 

ased design of our study, we chose to perform a syndromic clas- 

ification based on information directly derived from the hospi- 

al admission records. Four categories were therefore established: 

Traumatic infections,” which corresponds to direct inoculations or 

ontiguous extension in case of burn patients, “Infections of pros- 

heses and other materials,” corresponding to foreign-body associ- 

ted infections, which may follow perioperative inoculation or later 

ematogenous seeding, “Craniofacial infections” and “Other infec- 

ions”, which can reflect contiguous spread from adjacent lesions, 

hereas episodes without a documented local source were catego- 

ized as indeterminate/possibly hematogenous. Microbiological in- 

ormation included the total number of samples performed, the 

umber of samples with fungal growth, and the identification of 

ach fungal species with its antifungal susceptibility test (AST) re- 

ult, if performed. 

icrobiological diagnostic methods 

Joint fluid samples were collected in Bact/ALERT blood culture 

ottles (BIOMERIEUX, Marcy l’Etoile, France), BD Bactec Mycosis 

ungal blood culture bottles (Becton Dickinson, Franklin Lakes, NJ, 

SA), or sterile BD Vacutainer tubes. Conventional bottles were in- 

ubated in a Virtuo instrument (BIOMERIEUX) for 14 days. If the 

ottle was detected positive, a direct examination and Gram stain- 

ng were performed, then the positive bottle was subcultured onto 

lood agar (COS, BIOMERIEUX), PolyVitex agar (PVX, BIOMERIEUX), 

nd Schaedler agar (SCS, BIOMERIEUX) plates. If fungal elements 

ere visible during direct examination, CHROM ID Candida agar 

CAN2, BIOMERIEUX) was also inoculated. The plates were incu- 

ated for 5 days. Mycosis bottles were incubated in a FX20 0 0 in- 

ubator (Becton Dickinson) for 14 days. If the bottle was detected 

ositive, a direct examination was performed, then the positive 

ottle was subcultured onto CAN2 agar and Sabouraud agar for 14 

ays. Fungal growth was monitored daily. 

For all other samples collected in sterile containers (bone biop- 

ies, bones, joint fluids, prosthetic materials), two handling proce- 

ures could be performed: one for samples sent to the bacteriology 

aboratory (systematically), and one if samples were sent to the 

ycology laboratory (specific request from clinicians). When sam- 

les were sent to the bacteriology laboratory, bone samples were 

rushed into ball containers (Ultra-Turrax, Labelians, Nemours, 

rance). All samples were examined after Gram staining. The sam- 

les were then manually inoculated onto COS, PVX, and SCS agars 

nd in Schaedler broth. The incubation period was 2 days for COS 

gar, 5 days for PVX, and 14 days for SCS agar plates and Schaedler 

roth. When samples were sent directly to the mycology labora- 
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ory, after being cut into small pieces, a direct examination us- 

ng Calcofluor white (Becton Dickinson) staining was performed, 

ollowed by inoculation on CAN2 agar and Sabouraud tube agar, 

hich were then incubated for 14 days. Fungal growth was moni- 

ored daily. 

In the case of growth on agar, identification was performed 

sing matrix-assisted laser desorption ionization time-of-flight 

MALDI-TOF) mass spectrometry on a VITEK MS (BIOMERIEUX) us- 

ng a combination of VITEK MS (3.2 and 3.3 versions) database and 

ass Spectrometry Identification (MSI) 2.0 database [ 19 ]. 

AST was performed using antifungal gradient strips (E- 

est, BIOMERIEUX), according to manufacturer instructions. Min- 

mal inhibitory concentrations (MIC) were interpreted accord- 

ng to the breakpoints established by the European Commit- 

ee on Antimicrobial Susceptibility Testing (EUCAST) v12.0 and 

he note for guidance on rare yeasts (v2024-06-19), when 

pplicable. 

tatistical analysis and ethics approval 

The study complied with the Declaration of Helsinki and has 

een authorized by the Institutional Review Board of the Hospices 

ivils de Lyon (Scientific and Ethical Committee, authorization no. 

5-361). 

The demographic and microbiological characteristics of the pa- 

ients were represented as descriptive statistics. The distributions 

f fungal species were compared according to clinical syndromes 

nd according to the year of isolation. For fungal/antifungal pairs 

ith at least five MIC results per year, corresponding to a min- 

mum of 40 MIC results over the study period, changes in MIC 

alues for a specific fungal/antifungal combination were evaluated 

ver years using a Kruskal–Wallis test, followed, in case of sta- 

istically significant differences, by a Dunn’s multiple comparison 

est. Qualitative values were compared using Fisher’s exact test. A 

-value < 0.05 was considered statistically significant. All analy- 

es were performed using Prism 10.5.0 (GraphPad software, Boston, 

A, USA). 

esults 

tudy population 

Between January 1, 2017, and December 31, 2024, 78 213 sam- 

les of bone biopsies, bones, joint fluids, or osteosynthesis mate- 

ial were received at the microbiology laboratory, corresponding 

o 16 778 patients. This corresponded to 72 955 (93.3%) samples 

hat were sterile or showed only bacterial growth. Four hundred 

fty-one patients over the age of 18 had at least one sample with 

ungal growth, representing a total of 5 145 samples (with and 

ithout fungal growth). Samples showing certified laboratory con- 

amination, those incorrectly recorded as superficial samples, and 

amples from patients for whom a lack of clinical information pre- 

ented analysis were excluded (746 samples from 94 patients). Of 

he 4 399 initial samples from 357 patients, 1 993 (with and with- 

ut fungal growth) were ultimately eligible, corresponding to 380 

istinct SB of proven OAM. Three hundred thirty-nine patients had 

ne SB, 14 had two SB, three had three SB, and one had four SB

 Figure 1 ). 

linical groups and main microbiological characteristics 

The “Traumatic injury infection’’ group consisted of 86 patients 

24.1%), corresponding to 91 SB (23.9%). The main clinical contexts 

ere open fractures (59 SB), road traffic accidents (with or with- 

ut open fractures, 26 SB), bone infections following burn injuries 

22 SB), and agricultural injury (with or without open fractures, 8 
3

B). Of these 91 SB, 29 (31.9%) involved a single yeast species, 3 

3.3%) involved multiple yeast species, 30 (33.0%) involved a sin- 

le mold species, 14 (15.4%) involved multiple mold species, and 

5 (16.5%) involved multiple species of yeast(s) and mold(s). The 

Infection of prostheses and other materials’’ group consisted of 42 

atients (11.8%), corresponding to 45 SB (11.8%). Of these 45 SB, 

0 (88.9%) involved a single yeast species, three (6.7%) involved 

ultiple yeast species, two (4.4%) involved a single mold species. 

he “Craniofacial infection’’ group consisted of 71 patients (19.9%), 

orresponding to 78 SB (20.5%). The main clinical contexts were 

hemotherapy-related osteonecrosis (16 SB) or osteoradionecrosis 

10 SB). Of these 78 SB, 55 (70.5%) involved a single yeast species, 

5 (19.2%) involved multiple yeast species, five (6.4%) involved a 

ingle mold species, two (2.6%) involved multiple mold species, 

nd one (1.3%) involved multiple species of yeast(s) and mold(s). 

he “Other infections’’ group consisted of 158 patients (44.3%), cor- 

esponding to 166 SB (43.7%). The main clinical context was con- 

iguous infection following diabetic foot ulcer (50 SB). Of these 166 

B, 143 (86.1%) involved a single yeast species, 16 (9.6%) involved 

ultiple yeast species, six (3.6%) involved a single mold species, 

nd one (0.6%) involved multiple species of yeast(s) and mold(s) 

 Table 1 ). 

In the “Traumatic injury infection’’ group (n = 86), the main 

ites of infection were the hand (25, 27.5%), the leg (19, 20.9%), 

nd the foot (13, 14.3%). In the “Infection of prostheses and other 

aterials’’ group (n = 42), the main sites of infection were the 

nee (21, 46.7%) and the hip (18, 40.0%). In the “Craniofacial infec- 

ion’’ group (n = 71), the main localization of these infections was 

he mandible (65, 83.3%). Finally, in the “Other infections’’ group 

n = 158), the main sites of these infections were the foot (47, 

8.3%), the leg (n = 22, 13.3%), and the pelvis (20, 12.0%) ( Figure 2

nd Figure 3 ). 

ungal distribution 

Yeast isolation (mainly Candida spp) was predominant in “Infec- 

ion of prostheses and other materials’’ (95.9%), “Craniofacial infec- 

ion’’ (88.3%), and “Other infections’’ (96.2%) groups compared to 

he “Traumatic injury infection’’ group (36.0%) ( P < 0.0 0 01), where 

ost infections were due to molds (n = 96, 64.0%). In the “Trau- 

atic injury infection’’ group, among the molds, Aspergillus was 

he predominant genus (n = 31/96, 32.3%), followed by Fusarium 

n = 23/96, 24.0%), then dematiaceous molds (n = 18/96, 18.8%), 

nd Mucorales (n = 13/96, 13.5%). In the “Infection of prostheses 

nd other materials’’ and “Other infections’’ groups, Candida albi- 

ans was the most common species (36.7% and 42.7%, respectively), 

ollowed by C. parapsilosis (32.7% and 22.7%, respectively), while in 

he “Craniofacial infection’’ group, C. albicans was also the most 

ommon species (43.1%), but was followed by Candida glabrata 

18.6%). The description of the different fungal species found and 

he comparison of the distributions of these species between each 

linical syndrome are indicated in Table 2 and Figure 4 . 

Figure 5 shows the number of isolates obtained for each fun- 

al genus according to the year of isolation. Analysis of the distri- 

ution of Candida strains showed no significant difference in the 

roportion of C. albicans strains compared to Candida non -albicans 

trains over time ( P = 0.46). 

rend in antifungal resistance over time 

AST was performed on 306 of the 357 (85.7%) Candida and 

andida -like strains, on 13 of the 39 (33.3%) Aspergillus strains, and 

n 7 of the 25 (28%) Fusarium strains. 

For the study of antifungal resistance, data were only sufficient 

or C. albicans and C. parapsilosis for fluconazole and micafungin to 
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Figure 1. Flowchart of the study. 

a

d

1

2

t

f

a

6

t

b

b

C  

a

c

v

C

m

s

s  

s

t

A

d

a

j

a

A

S

a

d

w

f

s

g

A

b

t

z

F

b

m

nalyze the trend between 2017 and 2024. For C. albicans , a me- 

ian of 15 [range 13-31] MIC values for fluconazole and 15 [range 

0-30] MIC values for micafungin were available per year between 

017 and 2024, for a total of 142 and 129 MICs analyzed, respec- 

ively. For C. parapsilosis , a median of 9 [range 4-12] MIC values 

or fluconazole and 9 [range 4-12] MIC values for micafungin were 

vailable per year between 2017 and 2024, for a total of 67 and 

4 MIC values analyzed, respectively. Some MIC comparisons be- 

ween different years proved statistically significant in C. albicans , 

ut without clinical relevance ( Figure 6 ). 

In our cohort, among Candida strains with EUCAST clinical 

reakpoints, 12 (33.3%) strains of C. glabrata , five (7.5%) strains of 

. parapsilosis (1 in 2019, 1 in 2021, 1 in 2023, and 2 in 2024),

nd two (9.5%) strains of Candida tropicalis were resistant to flu- 

onazole. These two strains of C. tropicalis were also resistant to 

oriconazole. One strain (0.8%) of C. albicans , one strain (1.6%) of 

. parapsilosis , and one strain (5%) of C. tropicalis were resistant to 

icafungin. One strain of C. krusei and three strains of C. parap- 

ilosis were resistant to amphotericin B (including 1 C. parapsilosis 

train that was also resistant to fluconazole) ( Table 3 ). None of the

trains of Aspergillus fumigatus or Aspergillus flavus were resistant 

o any antifungal. 
4

nalysis of patients with recurrences 

In our cohort, 18 patients (5.04%) experienced microbiologically 

ocumented recurrence, with SB collected at least 15 days apart 

nd yielding fungi. Five patients were classified as “Traumatic in- 

ury infection’’, two as “Infection of prostheses and other materi- 

ls’’, five as “Craniofacial infections’’ and six as “Other infections’’. 

mong these 18 patients, the same pathogen was found in the first 

B and in subsequent SB in 14 (77.8%) of them. AST data were 

vailable and exploitable for eight patients (identical pathogens 

uring each SB). For four patients who had two SB and one patient 

ho had three SB, there was no change in susceptibility to anti- 

ungal agents over time. For the last three patients, a shift from a 

usceptible phenotype to a resistant phenotype for azole antifun- 

als was observed between the initial SB and the secondary SB. 

 C. parapsilosis strain that was initially susceptible to fluconazole 

ecame resistant 7 weeks after the first SB. A C. tropicalis strain 

hat was initially susceptible to increased exposure (I) to flucona- 

ole and voriconazole became resistant 41 weeks after the first SB. 

inally, a C. glabrata strain, which was initially I to fluconazole, 

ecame resistant from the fourth SB onwards, i.e., 63 weeks (14 

onths) after the first SB ( Table 4 ). 



C. Gibert, O. Dauwalder, P. Tirard-Collet et al. International Journal of Infectious Diseases 168 (2026) 108714

Figure 2. Distribution of infection localizations, according to the clinical classification of osteoarticular mycoses. 
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Figure 3. Distribution of infection localizations, according to the type of fungi involved in the osteoarticular mycoses. 
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Table 1 

Demographics characteristics and main microbiological findings, according to clinical groups of osteoarticular mycoses. 

Traumatic 

injury infection 

Infection of 

prostheses and 

other materials 

Craniofacial 

infection 

Other 

infections 

Total 

Patients 86 (24.1) 42 (11.8) 71 (19.9) 158 (44.3) 357 

Age, years, mean ± SD 45.5 ± 20.7 68.2 ± 12.7 61.2 ± 15.4 60.9 ± 16.5 58.2 ± 18.5 

Female 17 (19.8) 19 (45.2) 28 (39.4) 40 (25.3) 104 (29.1) 

Clinical characteristics at 

admission 

Diabetes mellitus 6 (7.0) 14 (33.3) 9 (12.7) 77 (48.7) 106 (29.7) 

Immunocompromised a 2 (2.3) 4 (9.5) 7 (9.9) 18 (11.4) 31 (8.7) 

Intensive care unit 

admission 

40 (46.5) 0 2 (2.8) 26 (16.5) 68 (19.0) 

Presumed route of infection 

Direct inoculation 64 (74.4) 0 0 64 (17.9) 

Contiguous extension b 22 (25.6) 0 71 (100) 63 (39.9) 156 (43.7) 

Foreign body associated 42 (100) 0 42 (11.8) 

Indeterminate, possible 

hematogenous 

0 95 (60.1) 95 (26.6) 

SB 91 (23.9) 45 (11.8) 78 (20.5) 166 (43.7) 380 

Number of SB / patients, 

median (range) 

1 (1-2) 1 (1-3) 1 (1-4) 1 (1-3) 1 (1-4) 

Road traffic accident 26 (28.6) 26 (6.8) 

Burn injury 22 (24.2) 22 (5.8) 

Agricultural injury 8 (8.8) 8 (2.1) 

Open fracture 59 (64.8) 59 (15.5) 

Amputation 12 (13.2) 40 (25.3) 52 (13.7) 

Diabetic foot ulcer or 

vascular necrosis 

50 (30.1) 50 (13.2) 

Sacral pressure ulcer 20 (12.0) 20 (5.3) 

Osteoradionecrosis 10 (12.8) 10 (2.6) 

Chemotherapy-related 

osteonecrosis 

16 (20.5) 16 (4.2) 

Microbiological findings 

Number of samples per SB, 

median (range) 

6 (1-31) 5 (1-23) 4 (1-10) 3 (1-22) 4 (1-31) 

Number of samples with 

fungal growth per SB, median 

(range) 

2 (1-19) 2 (1-11) 2 (1-8) 2 (1-7) 2 (1-19) 

Rate of sample with fungal 

growth / total samples, 

median percentage 

(interquartile range) 

33.3 (20-63.3) 62.5 

(10.0-100.0) 

77.5 

(33.3-100.0) 

66.7 

(33.3-100.0) 

55.6 

(28.9-100.0) 

Single yeast 29 (31.9) 40 (95.2) 55 (70.5) 143 (86.1) 267 (70.3) 

Multiple yeasts 3 (3.3) 3 (6.7) 15 (19.2) 16 (9.6) 37 (9.7) 

Single mold 30 (33.0) 2 (4.4) 5 (6.4) 6 (3.6) 43 (11.3) 

Multiple molds 14 (15.4) 0 2 (2.6) 0 16 (4.2) 

Multiple yeasts and molds 15 (16.5) 0 1 (1.3) 1 (0.6) 17 (4.5) 

Results are presented as n (%) unless otherwise specified. 

Abbreviations: SB, sample batch. 
a Immunocompromised patients included those with hematologic malignancies, patients who had undergone solid organ transplantation, immunosuppressive 

therapy, as well as patients on long-term, high-dose corticosteroid therapy. 
b In the traumatic injury group, cases classified as contiguous extension corresponded to burn-related infections. 

Figure 4. Comparison of isolated fungal species, according to the clinical classification of osteoarticular mycoses, for (A) Candida species, (B) Mold species. Only statistically 

significant comparisons were represented. ∗P < 0.05; ∗∗P < 0.01; ∗∗∗P < 0.001; ∗∗∗∗P < 0.0 0 01. 
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Table 2 

Distribution of involved fungal species, according to the clinical classification of osteoarticular mycoses. 

Traumatic 

injury infection 

Infection of 

prostheses and 

other materials 

Craniofacial 

infection 

Other 

infections 

P -value Total 

Yeast 54 (36.0) 47 (95.9) 91 (89.2) 178 (96.2) < 0.0001 370 (76.1) 

Candida and Candida-like species 50 (33.3) 47 (95.9) 89 (87.3) 171 (92.4) < 0.0001 357 (73.5) 

Candida albicans 25 (16.7) 18 (36.7) 44 (43.1) 79 (42.7) < 0.0001 166 (34.2) 

Candida bracarensis ( Nakaseomyces bracarensis ) 1 (0.7) 1 (0.2) 

Candida catenulata ( Diutina catenulata ) 1 (0.5) 1 (0.2) 

Candida ciferii ( Trichomonascus ciferrii ) 1 (0.5) 1 (0.2) 

Candida dubliniensis 1 (0.7) 1 (2.0) 1 (0.9) 3 (1.6) 6 (1.2) 

Candida fermentati 1 (0.5) 1 (0.2) 

Candida glabrata ( Nakaseomyces glabratus ) 2 (1.3) 4 (8.2) 19 (18.6) 14 (7.6) < 0.0001 39 (8.0) 

Candida inconspicua ( Pichia inconspicua ) 1 (2.0) 1 (0.2) 

Candida kefyr ( Kluyveromyces marxianus ) 1 (2.0) 2 (2.0) 4 (2.2) 7 (1.4) 

Candida krusei ( Pichia kudriavzevii ) 9 (8.8) 3 (1.6) 12 (2.5) 

Candida lipolytica ( Yarrowia lipolytica ) 1 (0.5) 1 (0.2) 

Candida lusitaniae ( Clavispora lusitaniae ) 4 (2.7) 2 (4.1) 1 (0.9) 2 (1.1) 9 (1.9) 

Candida metapsilosis 1 (2.0) 1 (0.9) 2 (0.4) 

Candida orthopsilosis 1 (2.0) 1 (0.5) 2 (0.4) 

Candida pararugosa ( Wickerhamiella pararugosa ) 1 (0.5) 1 (0.2) 

Candida parapsilosis 15 (10.0) 16 (32.7) 5 (4.9) 42 (22.7) < 0.0001 78 (16.0) 

Candida spherica ( Kluyveromyces lactis ) 1 (0.9) 1 (0.2) 

Candida tropicalis 2 (1.3) 2 (4.1) 6 (5.9) 18 (9.7) 0.02 28 (5.8) 

Cryptococcus neoformans 2 (1.1) 2 (0.4) 

Geotrichum candidum 1 (0.7) 2 (1.9) 2 (1.1) 5 (1.0) 

Malassezia sympodialis 1 (0.5) 1 (0.2) 

Malassezia furfur 1 (0.5) 1 (0.2) 

Rhodotorula mucilaginosa 1 (0.7) 1 (0.2) 

Saccharomyces cerevisiae 1 (0.7) 1 (0.2) 

Trichosporon asahii 1 (0.5) 1 (0.2) 

Trichosporon dermatis 1 (0.7) 1 (0.2) 

Mold 96 (64.0) 2 (4.1) 11 (10.8) 7 (3.8) < 0.0001 116 (23.9) 

Aspergillus spp 31 (20.7) 1 (2.0) 5 (4.9) 2 (1.1) < 0.0001 39 (8.0) 

Aspergillus calidoustus 2 (1.3) 2 (0.4) 

Aspergillus flavus 4 (2.7) 1 (0.9) 1 (0.5) 6 (1.2) 

Aspergillus fumigatus 12 (8.0) 1 (2.0) 3 (2.9) 1 (0.5) 17 (3.5) 

Aspergillus niger 3 (2.0) 3 (0.6) 

Aspergillus terreus 2 (1.3) 1 (0.9) 3 (0.6) 

Aspergillus tubingensis 5 (3.3) 5 (1.0) 

Aspergillus udagawae 2 (1.3) 2 (0.4) 

Aspergillus sp 1 (0.7) 1 (0.2) 

Fusarium spp 23 (15.3) 1 (0.9) 1 (0.5) < 0.0001 25 (5.1) 

Fusarium falciforme ( Neocosmospora 

falciformis ) 

1 (0.7) 1 (0.5) 2 (0.4) 

Fusarium incarnatum-equiseti 2 (1.3) 2 (0.4) 

Fusarium keratoplasticum ( Neocosmospora 

keratoplastica ) 

1 (0.7) 1 (0.2) 

Fusarium oxysporum complex 4 (2.7) 4 (0.8) 

Fusarium solani complex 9 (6.0) 1 (0.9) 10 (2.1) 

Fusarium sporothricioides 1 (0.7) 1 (0.2) 

Fusarium thapsinum 1 (0.7) 1 (0.2) 

Fusarium sp 4 (2.7) 4 (0.8) 

Mucorales 13 (8.7) 2 (2.0) 1 (0.5) 0.001 16 (3.3) 

Lichteimia corymbifera 2 (1.3) 1 (0.9) 3 (0.6) 

Lichteimia spp 1 (0.7) 1 (0.2) 

Mucor circinelloides 8 (5.3) 8 (1.6) 

Mucor sp 1 (0.7) 1 (0.2) 

Rhizopus arrhizus 1 (0.7) 1 (0.9) 1 (0.5) 3 (0.6) 

Dematiaceous molds 18 (8.0) < 0.0001 18 (3.7) 

Alternaria sp 11 (7.3) 11 (2.3) 

Curvularia sp 7 (4.7) 7 (1.4) 

Other molds 11 (7.3) 1 (2.0) 3 (2.9) 3 (1.6) 0.093 18 (3.7) 

Acremonium sp 1 (0.7) 1 (0.2) 

Penicillium sp 2 (1.3) 2 (2.0) 4 (0.8) 

Purpureocilium lilacinum 1 (0.7) 1 (0.2) 

Scedosporium apiospermum 2 (1.3) 1 (0.5) 3 (0.6) 

Scedosporium aurantiacum 1 (0.7) 1 (0.2) 

Scedosporium boydii 1 (2.0) 1 (0.9) 2 (0.4) 

Talaromyces spp 1 (0.7) 1 (0.2) 

Thermoascus sp 1 (0.7) 1 (0.2) 

Trichoderma longibrachium 1 (0.7) 1 (0.2) 

Trichoderma simmonsi 1 (0.7) 1 (0.2) 

Trichophyton interdigitale 1 (0.5) 1 (0.2) 

Trichophyton rubrum 1 (0.5) 1 (0.2) 

Total 150 (30.9) 49 (10.1) 102 (21.0) 185 (38.1) 486 

Results are presented as n (% of column total). 
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Figure 5. Distribution of the main fungal genera isolated, according to the year of isolation. 

Fisher’s exact test revealed no significant differences in the distribution of Candida albicans vs Candida non-albicans species over years. 

Table 3 

Distribution of antifungal susceptibility patterns among Candida species in the cohort. 

Yeasts Fluconazole Voriconazole Micafungin Amphotericin B 

N S I R N S R N S R N S R 

Candida albicans 142 142 0 0 51 51 129 128 1 45 45 0 

Candida 

dubliniensis 

4 4 0 0 1 1 0 4 4 0 1 1 0 

Candida kefyr 5 5 0 0 2 1 1 2 2 0 

Candida krusei 3 2 1 

Candida glabrata 36 0 24 12 30 30 0 9 9 0 

Candida 

parapsilosis 

67 61 1 5 30 30 0 64 63 1 21 18 3 

Candida tropicalis 21 18 1 2 10 8 2 20 19 1 8 8 0 

Abbreviations: I, susceptible to increased exposure; N, number of strains; R, Resistance; S, Susceptible. 

Interpretations of minimal inhibitory concentrations were performed using European Committee on Antimicrobial Susceptibility Testing breakpoints v12.0. 
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iscussion 

The present study highlights that culture-proven OAMs are het- 

rogeneous and strongly shaped by clinical context. The most 

triking finding was the contrast between trauma-associated in- 

ections, in which molds predominated, and non-traumatic syn- 

romes, in which yeasts accounted for the vast majority of iso- 

ates. This syndrome-specific distribution has direct practical im- 

lications for the interpretation of culture results and for the ex- 

ected fungal spectrum in different osteoarticular settings. In par- 

llel, AST data showed no major shift in MIC distributions over 

ime for the main Candida species-agent combinations evaluated, 

lthough resistance and within-patient susceptibility changes were 

ocumented in a small number of recurrent cases. Overall, these 

esults suggest that osteoarticular mycoses should be approached 

s a spectrum of clinico-microbiological syndromes rather than as 

 uniform infectious category. 

In the “traumatic injury infections” group, OAMs were primar- 

ly caused by molds, which is consistent with previous data on 

nvasive fungal infections secondary to traumatic injuries (civil- 

an or military injuries) [ 20 , 21 ]. However, we observed more in-

ections involving Aspergillus or Fusarium than Mucorales [ 22 , 23 ]. 

his lower isolation rate of Mucorales could be due to the fact 

hat, when samples were sent exclusively to the bacteriology labo- 

atory, bone sample were crushed, which may damage the delicate 
9

yphae of Mucorales and limit growth on agar, whereas cutting 

iopsies is preferable to achieve higher culture sensitivity [ 24–26 ]. 

urthermore, our study only included cases confirmed by culture 

n bone samples, whereas PCR methods specifically targeting the 

ain Mucorales species ( Mucor, Rhizopus, Rhizomucor, Lichteimia ) 

ave become more widespread. Given their fast turnaround time 

nd high sensitivity, the systematic use of these PCR tests could 

e a valuable addition to a screening strategy for these at-risk pa- 

ients [ 27 ]. The overwhelming majority of cases of infection involv- 

ng prostheses and other osteosynthesis devices involved yeasts of 

he Candida genus, as classically reported in the literature [ 28 ]. The 

ost commonly involved species were C. albicans, C. parapsilosis , 

nd C. glabrata ( N. glabratus ), respectively. This distribution was 

imilar in recent multicenter studies and systematic reviews [ 3 , 18 ]. 

lthough Candida prosthetic joint infections (CPJI) are difficult to 

reat and exhibit high failure or recurrence rates (ranging from 

% to 53% across studies [ 28 ]), we identified only two patients 

4.8%) with recurrence during our eight-year longitudinal follow- 

p. In one of these patients, the C. parapsilosis strain became re- 

istant to fluconazole between the first and second SB, complicat- 

ng its management, given the occurrence of a second recurrence 

three SB in total). Therefore, in the context of these chronic or 

ecurrent infections, it is essential to perform mycological culture 

henever new samples are collected, to avoid missing a relapse or 

he emergence of antifungal resistance. In this regard, the sensi- 
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Table 4 

Clinical classification and microbiological characteristics of patients who presented multiple sample batch during the study period. 

Patient Clinical group Context SB 1 1-2, delay 

(wks) 

SB 2 2-3, delay 

(wks) 

SB 3 3-4, delay 

(wks) 

SB 4 Change in AST 

results ? 

1 Traumatic injury 

infection 

Burn injury C. albicans + 

A. tubingensis 

3 C. albicans + 

A. flavus 

No data 

2 Other infections Diabetic foot ulcer C. parapsilosis 10 F. falciforme NA 

3 Traumatic injury 

infection 

Burn injury A. niger + Curvularia sp 4 C. albicans NA 

4 Craniofacial Post-dental extraction ulcer Penicillium sp 14 C. glabrata NA 

5 Other infections Hematogenous arthritis C. tropicalis 10 C. tropicalis No change 

6 Craniofacial Osteoradionecrosis C. albicans + C. kefyr 25 C. albicans No change 

7 Traumatic injury 

infection 

Road traffic accident M. circinelloides + A. 

fumigatus 

4 M. circinelloides NA 

8 Other infections No data C. albicans 6 C. albicans No data 

9 Other infections Sternum biopsy after cardiac 

surgery 

C. krusei 4 C. krusei No change 

10 Other infections Sternum biopsy after cardiac 

surgery 

C. albicans 17 C. albicans No change 

11 Prosthetic joint 

infection 

Total knee prosthesis C. parapsilosis 7 C. parapsilosis 5 C. 

parapsilosis 

#1: FLC-S 

#2: FLC-R 

#3: FLC-R 

12 Traumatic injury 

infection 

Road traffic accident A. alternata + F. solani 

complex + Aspergillus sp 

16 C. albicans NA 

13 Other infections Post-candidemia 

hematogenous arthritis 

C. tropicalis 41 C. tropicalis 12 C. tropicalis #1: FLC-I / VRC-I 

#2: FLC-R / VRC-R 

#3: FLC-R / VRC-R 

14 Craniofacial Osteoradionecrosis C. tropicalis 7 C. tropicalis No data 

15 Craniofacial Osteoradionecrosis C. glabrata + C. albicans 24 C. glabrata 26 C. glabrata 13 C. glabrata For C. glabrata 

#1: FLC-I 

#2: No data 

#3: FLC-I 

#4: FLC-R 

16 Traumatic injury 

infection 

Open fracture S. apiospermum + A. 

terreus 

11 S. apiospermum No data 

17 Craniofacial Osteoradionecrosis C. albicans 84 C. albicans + 

C. glabrata + 

C. krusei 

No data 

18 Prosthetic joint 

infection 

Total hip prosthesis C. albicans 12 C. albicans 9 C. albicans No change 

Abbreviations: FLC, Fluconazole; I, susceptible to high doses; NA, not applicable; R, Resistance; S, Susceptible; SB, sample batch; VRC, Voriconazole. 

1
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Figure 6. Trends in fluconazole and micafungin minimal inhibitory concentrations (MIC) distribution over years for (A, B) Candida albicans and (C, D) Candida parapsilosis . Val- 

ues are represented as median and their interquartile range. Only statistically significant comparison were represented. ∗P < 0.05; ∗∗ P < 0.01; ∗∗∗P < 0.001; ∗∗∗∗P < 0.0 0 01. 
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ivity of molecular tools (targeted PCR or metagenomics) warrants 

urther evaluation. Interpreting results from these highly sensitive 

echniques can be challenging due to the potential risk of contami- 

ation (particularly from skin flora), but could enable the detection 

f a resistant population [ 29 , 30 ]. A significant proportion of cases

20.5%) correspond to craniofacial infections, most of which involve 

he mandible. Fungal infections of the head and neck are rarely re- 

orted in the literature; however, when they involve the mandible, 

andida is usually implicated and these infections often complicate 

steoradionecrosis, consistent with our findings [ 31–33 ]. Previous 

tudies have also reported increased susceptibility to candidiasis 

n patients following head and neck radiotherapy, related to alter- 

tion in oral flora and an increase in the fungal population [ 34 ].

ther localizations (sinuses, orbital roof, etc.) more frequently in- 

olve molds ( Aspergillus and Mucorales) and typically affect im- 

unocompromised patients [ 35 ]. 

The antifungal resistance trend data did not indicate signifi- 

ant change in MICs over time for fluconazole and micafungin in 

. albicans and C. parapsilosis isolates. Moreover, the rate of flu- 

onazole resistance remained low among strains that are usually 

usceptible (i.e., excluding C. glabrata/N. glabratus ). The proportion 

f fluconazole-resistant C. parapsilosis in our cohort was 7.5%. One 

train was isolated in 2019, one in 2021, one in 2023, and two in

024. This population therefore appears to have been spared from 

he emergence of this resistant subpopulation [ 36 ], which is also 

n line with national data from France (data from the National Ref- 

rence Center for Invasive Fungal Infections and Antifungals) [ 37 ]. 

Regarding the limitations of our study, we have already men- 

ioned the unfeasibility of formally classifying cases based on the 
11
oute of infection (direct inoculation, hematogenous spread, spread 

y contiguity) due to the laboratory-based design of our study. 

owever, our four-category syndromic approach allows us to infer 

he relevant route of infection, thereby limiting the bias associated 

ith a formal classification of the route, which would be prone 

o error without exhaustive chart review of each patient’s medi- 

al record, and maintaining a clinically relevant approach. In ad- 

ition, the host factors (diabetes, immunocompromised status, and 

CU admission) should be interpreted as targeted clinical proxies 

ather than as a comprehensive phenotypic characterization of the 

ohort. Furthermore, our study only considered culture results to 

efine infections, in accordance with proven OAM definitions [ 6 ]. 

iven the diversity of clinical manifestations, other diagnostic tools 

ould be evaluated. Although molecular methods have been dis- 

ussed, no study has yet assessed the measurement of β-D-glucans 

r galactomannan antigen in joint fluids. Such biomarkers could 

otentially be useful to rule out the diagnosis (given the high neg- 

tive predictive value of β-D-glucans) or to provide additional evi- 

ence in strongly suspected but culture-negative cases. Histological 

ata and direct microscopic examination of samples were not in- 

luded in this study but may also be valuable in characterizing in- 

ections caused by uncommon fungi. Despite the abundance of our 

aboratory data on MICs, particularly for Candida cases, the design 

f our study does not allow us to link clinical outcomes to antifun- 

al resistance. Furthermore, in the case of patients with prosthetic 

nfections, it is likely that the complex clinical history plays a sig- 

ificant role in the outcome, requiring a more complex statistical 

nalysis to identify antifungal resistance as a risk factor for poor 

utcomes in these cases. Finally, due to laboratory workflow con- 
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traints, sample processing in the bacteriology laboratory may not 

e optimal for OAM diagnosis, owing to the shorter agar storage 

ime and the pre-treatment steps mentioned above. This may have 

ed to an underestimation of the proportion of positive samples per 

B, or even of the total number of diagnosed patients. 

This project provides a foundation for future research involving 

 more in-depth analysis of each clinical syndrome, with the aim 

f identifying risk factors within each population, particularly the 

mpact of bacterial co-infections, and evaluating the influence of 

ntifungal and surgical treatments on patient outcomes. Molecu- 

ar data on the strains involved in recurrent infections could help 

etermine whether recurrence results from the persistence of the 

riginal strain or from infection by a new strain, and to explore po- 

ential evolutionary adaptations in pathways related to virulence, 

iofilm formation, or immune evasion. 

In conclusion, this study represents one of the largest single- 

enter cohorts of culture-proven osteoarticular mycoses, highlights 

trong syndrome-specific fungal distributions, and supports re- 

eated culture and antifungal susceptibility testing in chronic or 

ecurrent infections. Although single center, the relatively large co- 

ort and the inclusion of cases diagnosed through different routine 

aboratory workflows may enhance the transferability of the main 

icrobiological findings. Further clinically detailed analyses within 

ach syndrome are now needed to refine diagnosis and manage- 

ent. 
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