
Wickerhamomyces anomalus (syn. Candida pelliculo-
sa, Pichia anomala) is a diploid, ubiquitous yeast 

species found in diverse environments including soil, 
fruits, trees, wastewater, marine ecosystems, and the 
digestive tracts of insects (1). It exhibits antimicrobial 
activity against other yeasts, filamentous fungi, and 
bacteria and possesses the ability to produce aromat-
ic compounds and exoenzymes (2). Those properties  

make W. anomalus of notable interest for various bio-
technological applications, including those in the 
food, environmental, industrial, and medical sectors, 
as well as in oenological biotechnology (3). 

W. anomalus is rarely isolated in clinical settings 
and is responsible for <1% of invasive fungal diseases 
(IFD) caused by yeasts (4–6). Nevertheless, hospital 
outbreaks of W. anomalus IFD have been documented,  

Invasive Wickerhamomyces  
anomalus Infections among 

Injecting Drug Users, 
France, 2012–20241

Maxime Lefranc,2 Adrien Pain,2 Fréderic Dalle, Pierre Baudino, Claudio Plaisant, Taieb Chouaki,  
Josephine Dorin, Anne-Pauline Bellanger, Julie Bonhomme, Maxime Moniot, Celia Rouges,  

Françoise Botterel, Gregoire Pasquier, Lilia Hasseine, Estelle Perraud-Cateau,  
Jean-Pierre Gangneux, Laurence Delhaes, Damien Costa, Juliette Guitard, Alexandre Alanio, 

Valerie Letscher-Bru, Emilie Guemas, Guillaume Desoubeaux, Karine Boukris-Sitbon,  
Olivier Lortholary, Fanny Lanternier, WAIT-IV Study Group,3 Marie Desnos-Ollivier, Sebastien Imbert 

1452	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 32, No. 9, September 2026	

RESEARCH

Author affiliations: CHU Bordeaux, Bordeaux, France (M. Lefranc, 
P. Baudino, C. Plaisant, L. Delhaes, S. Imbert); Université de  
Bordeaux, Bordeaux (M. Lefranc, S. Imbert); Institut  
Pasteur, Paris, France (A. Pain, K. Boukris-Sitbon, O. Lortholary,  
M. Desnos-Ollivier, F. Lanternier); CHU Dijon, Dijon, France  
(F. Dalle); CHU Amiens-Picardie, Amiens, France (T. Chouaki); 
CHU d’Antibes Juan les Pins, Antibes, France (J. Dorin); CHU  
de Besançon, Besançon, France (A.-P. Bellanger); CHU Caen, 
Caen, France (J. Bonhomme); CHU Clermont-Ferrand,  
Clermont-Ferrand, France (M. Moniot); AP-HP Hôpital Cochin, 
Paris (C. Rouges); CHU Henri Mondor, Créteil, France  
(F. Botterel); CHU de Montpellier, Montpellier, France  
(G. Pasquier); CHU Nice, Nice, France (L. Hasseine); CHU 
Poitiers, Poitiers, France (E. Perraud-Cateau); CHU de Rennes, 
Rennes, France (J.-P. Gangneux); CHU de Rouen, Rouen,  

France (D. Costa); Sorbonne Universite, Paris (J. Guitard);  
Hôpital Saint-Antoine, Paris (J. Guitard); Hôpital Saint-Louis,  
Paris (A. Alanio); Hôpitaux Universitaires de Strasbourg,  
Strasbourg, France (V. Letscher-Bru); CHU Toulouse,  
Toulouse, France (E. Guemas); CHU de Tours, Tours, France  
(G. Desoubeaux)

DOI: https://doi.org/10.3201/eid3209.251817

1Preliminary results from this study were presented at ESCMID 
Global 2025; April 11–15, 2025; Vienna, Austria; and at the annual 
congress of the Société Française de Mycologie Médicale; June 
18–20, 2025; Amiens, France.
2These authors contributed equally to this article.
3Additional members of the WAIT-IV Study Group are listed at the 
end of this article.

Wickerhamomyces anomalus is a yeast rarely involved in 
human invasive fungal diseases (IFD). We retrospectively 
analyzed 44 episodes of W. anomalus IFD in France dur-
ing 2012–2024. Injecting drug use (IDU) was the main risk 
factor among 26/35 (74.3%) incident cases. Most infec-
tions were community acquired; overall 3-month mortality 
rate was 1/30 (3.3%). Short tandem repeat (STR) geno-
typing and whole-genome sequencing analyses revealed 
substantial genetic diversity among isolates. However, 1 

STR genotype was shared by 2 IDU patients, suggest-
ing common exposure. In addition, 1 isolate obtained from 
a cotton filter used for drug preparation was identical by 
STR genotyping to the bloodstream isolate from the same 
patient, indicating direct inoculation via contaminated ma-
terial or poor injection practices. Our findings highlight the 
increased risk for W. anomalus IFD among IDU patients 
and emphasize the importance of targeted preventive 
measures within that population.
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particularly in neonatal and pediatric intensive care 
units (ICUs) (7–12). In several instances, clonal trans-
mission has been demonstrated, suggesting an ex-
ogenous source of contamination (8,13). Additional 
outbreaks have also been reported among immuno-
compromised adult patients (13–17). Furthermore, a 
recent nationwide retrospective cross-sectional study 
on fungemia among injecting drug users (IDUs) in 
France identified W. anomalus as overrepresented in 
IDU-related cases (18), reinforcing the hypothesis of 
exogenous contamination. However, in both hospital 
outbreaks and IDU cases, the precise source of infec-
tion remains unidentified.

In this study, we aimed to investigate factors as-
sociated with W. anomalus IFD in France. We conduct-
ed a comprehensive analysis of epidemiologic, clini-
cal, and genetic characteristics of all W. anomalus IFD 
cases reported over a 13-year period nationwide, with 
particular emphasis on IDU-associated infections.

Materials and Methods

Study Design and Network 
We analyzed IFDs caused by W. anomalus yeast diag-
nosed during January 2012–December 2024 in France 
and declared during the 2 consecutive prospective 
national surveillance programs RESSIF (RESeau de 
Surveillance des Infections Fongiques invasives; end-
ed December 31, 2022) and SINFONI (Surveillance 
des Infections FONgiques Invasives; started Janu-
ary 1, 2023). The RESSIF multicentric surveillance 
program was described previously (4). SINFONI is a 
multicentric prospective program for surveillance of 
IFD started January 1, 2023, and active as of August 
2026 involving 59 hospitals in France and overseas 
(Appendix Figure 1, https://wwwnc.cdc.gov/EID/
article/32/9/25-1817-App1.pdf). Participants report 
all cases of IFD diagnosed in the hospital using an on-
line secured REDCap questionnaire (https://project-
redcap.org) designed and monitored at the National 
Reference Center for Invasive Mycoses and Antifun-
gals (NRCMA; Institut Pasteur, Paris, France). For 
both RESSIF and SINFONI surveillance programs, 
participants completed the questionnaire for each 
episode of IFD, reporting demographic data (age, sex, 
hospital), clinical information (risk factor for IFD, un-
derlying conditions, preexposure to antifungals, first 
treatment for IFD, outcome) and microbiologic find-
ings (species identification). 

The Institut Pasteur Institutional Review Board 
approved NRCMA surveillance activities (no. 
2009-34/IRB), as did the Commission Nationale de 
l’Informatique et des Libertés (déclaration no. 351952). 

We designed and reported our study in accordance 
with Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) guidelines (19).

W. anomalus IFD Case Definitions
W. anomalus IFD cases included both fungemia and 
deep-seated infections. We defined fungemia by the 
isolation of W. anomalus yeast from a blood culture 
specimen. We defined deep-seated infections by 
the isolation of W. anomalus from a normally sterile 
site, regardless of whether fungemia was also pres-
ent. We defined community-onset cases as episodes 
in which a positive blood culture for W. anomalus 
was obtained <3 days after hospital admission. 
We defined recurrent episodes as the reisolation of  
the same fungal species >10 days after the initial 
episode (18).

Strain Identification
We checked all W. anomalus isolates sent to the  
NRCMA on BBL CHROMagar Candida medium 
(https://www.chromagar.com) for purity, then 
identified them at the species level using a poly-
phasic approach combining matrix-assisted laser 
desorption/ionization time-of-flight (MALDI-ToF) 
mass spectrometry (Bruker Biotyper or Sirius de-
vices; Bruker MBT Library, https://www.bruker.
com), sequencing D1D2 and internal transcribed 
spacer (ITS) regions of the DNA ribosomal loci using 
panfungal primers NL1/NL4 and V9D/LS266 (20). 
We performed DNA extraction using NucleoMag 
Plant DNA extraction kit (Macherey Nagel, https://
www.mn-net.com) in a Thermo KingFisher extrac-
tor (Thermo Fisher Scientific, https://www.thermo 
fisher.com) preceded by 2 bead beating steps using 
ATL Buffer lysis (QIAGEN, https://www.qiagen.
com) in lysing matrix tubes Y (MP Biomedicals, 
https://flowsciences.com) and a heating step in the 
presence of RNase A. Sequences of D1D2 and inter-
nal transcribed spacer regions of the isolates had a 
percentage identity >99% with the sequences of the 
type strain of W. anomalus CBS 5759, enabling spe-
cies identification. We performed antifungal suscep-
tibility testing in accordance with EUCAST broth 
microdilution reference method (21).

Short Tandem Repeat Genotyping
We performed short tandem repeat (STR) genotyp-
ing as previously described (22), with slight modi-
fications. In brief, we used a panel of 6 STR mark-
ers, 3 trinucleotide and 3 hexanucleotide repeats, 
resulting in a unique 12-marker profile for each 
isolate. We amplified the 3 trinucleotide STRs in 1 
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multiplex PCR reaction and the 3 hexanucleotide 
STRs in 3 distinct simplex PCR reactions. We used 
GoTaq DNA polymerase (Promega, https://www.
promega.com) for all amplifications. We then di-
luted PCR products 1:100 in water; we mixed 1 µL 
of the diluted products with 10.2 μL of formamide 
and 0.3 μL of MapMarker 1000 DNA size standard 
(Eurogentec, https://www.eurogentec.com). We 
incubated the mixtures at 95°C for 3 minutes and 
subsequently analyzed them using a 3500 XL Dx 
genetic analyzer (Thermo Fisher). We determined 
repeat numbers for each STR locus using Gen-
eMapper 5 (Thermo Fisher). We converted the re-
sulting STR profiles into a genetic distance matrix 
using the bruvo.dist function from the poppr pack-
age in R version 4.5 (The R Project for Statistical 
Computing, https://www.r-project.org) as previ-
ously described (23). We constructed an UPGMA 
tree via the bruvo.boot function to visualize genetic 
relationships among samples; we exported the re-
sulting tree in Newick format and visualized it us-
ing the Interactive Tree of Life web interface (24).

Whole-Genome Sequencing Analysis 
We sequenced whole genomes at the Mutualized 
Platform for Microbiology (P2M), Institut Pas-
teur, using an Illumina NextSeq 500 sequencer. We 
constructed libraries using Nextera DNA Library 
preparation kit (Illumina) and sequenced them us-
ing a 2 × 150 nt paired-end strategy. We also incor-
porated 11 publicly available isolates reprocessed 
with the same pipeline (22). We assessed raw read 
quality using FastQC version 0.12.1 (http://www. 
bioinformatics.babraham.ac.uk/projects/fastqc) 
and MultiQC version 1.12 (https://github.com/
MultiQC/MultiQC) (25). We performed read clean-
ing with AlienTrimmer version 2.0 (ftp://ftp. 
pasteur.fr/pub/gensoft/projects/AlienTrimmer) 
(26): we considered bases with a Phred score <15 (–q 
15) of low confidence, and after trimming, we dis-
carded reads <50 bases (–l 50) or containing >50% 
low-confidence bases (–p 50). Cleaned reads are 
available at the European Nucleotide Archive (ac-
cession no. PRJEB93917).

Variant Calling and Population Genomic Analyses
We defined methods for variant calling and popu-
lation genomic analyses (Appendix). In brief, we 
aligned reads to the W. anomalus KG16 reference 
genome assembly (GenBank no. GCA_019321675.1) 
and imported variant calls into R version 4.3.2 using 
the VCFR package as described previously (27). We 
converted the filtered VCF file to a genlight object  

(vcfR2genlight) and set diploidy. We computed pair-
wise genetic distances between isolates as the propor-
tion of differing single-nucleotide polymorphisms 
(SNPs) using bitwise distances (bitwise.dist func-
tion in poppr package) (23), normalized by the ref-
erence genome size (13,671,194 bp; KG16 assembly). 
We constructed a neighbor-joining phylogenetic tree 
from the distance matrix using the nj function from 
the APE package as described (28). We assessed node 
support by bootstrap resampling 1,000 replicates us-
ing the aboot function in poppr package. We exported 
the final tree in Newick format and visualized it using 
Interactive Tree of Life web interface (24).

We assessed genetic diversity by computing 
Simpson diversity index (λ), Nei unbiased gene di-
versity (Hexp), and global genetic differentiation 
between phylogenetic clades (FST). We inferred 
population structure using ADMIXTURE (https://
dalexander.github.io/admixture/index.html).

De Novo Genome Assemblies and Loss of  
Heterozygosity Map
We performed de novo genome assemblies using the 
fq2dna pipeline (https://gitlab.pasteur.fr/GIPhy/
fq2dna), which performs read deduplication, qual-
ity trimming, error correction, digital normalization, 
and de novo assembly with SPAdes (29). We as-
sessed assembly quality using QUAST (30). We de-
scribed methods to identify and visualize regions of 
Loss of heterozygosity (LOH) (Appendix); in brief, 
we processed allele depth matrices in R using dplyr 
(https://dplyr.tidyverse.org), tidyr (https://tidyr.
tidyverse.org), and ggplot2 (31) as described previ-
ously. We stratified analyses and visualizations both 
globally and by predefined phylogenetic clusters.

Statistical Analysis 
We summarized continuous variables as medians 
with interquartile ranges (IQRs), where appropriate, 
and categorical variables as counts and percentages. 
To avoid autocorrelation, we included only incident 
cases in the description of baseline characteristics. We 
compared continuous variables using the Wilcoxon 
rank-sum test and categorical variables using Fisher 
exact test. All statistical tests were 2-sided, and signif-
icance threshold was p<0.05. We conducted analysis 
using the gtsummary package in R version 4.5.

Results

W. anomalus IFD Episodes
During the study period, a total of 47 W. anoma-
lus IFD episodes were reported to the NRCMA, 31  
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during the RESSIF program and 16 during the SINFO-
NI program. We excluded 3 episodes from the study, 
2 superficial ocular infections and 1 with inconsistent 
data, for a total of 44 episodes (40 fungemia and 4 
osteoarticular infections) among 35 patients (Table). 
Episodes originated from 18 centers located across 
mainland France; each center reported 1–12 episodes. 
Among centers that participated exhaustively in both 
RESSIF and SINFONI surveillance programs (n = 15), 
we have observed an upward trend in the annual in-
cidence of new cases since 2021; during 2012–2020 
the mean was 2.2 reported cases per year, and during 
2021–2024 the mean was 5.25 reported cases per year 
(Appendix Figure 2).

Of the 35 patients in our study, 26 (74.2%) were 
IDUs and 20 had no other risk factor for IFD. Among 
the other usual risk factors for IFD, the presence of 
a central vascular catheter (n = 9) and ICU admis-
sion at diagnosis (n = 7) were the most frequent. Uni-
variate analysis showed that those risk factors were  

significantly less frequent in IDU patients (p<0.001 by 
Fisher exact test). One patient was a premature neo-
nate. We found deep-seated W. anomalus infections or 
secondary localizations with (n = 3) or without (n = 
4) fungemia in 7 patients, all of whom were IDUs: 3 
spondylodiscitis, 2 septic arthritis (wrist and knee), 1 
endocarditis, and 1 endophthalmitis. We identified 
concurrent bacterial infections in 8 and fungal infec-
tion in 7 cases. In contrast to non-IDU cases, most W. 
anomalus infections in the IDU group were communi-
ty acquired (p = 0.039 by Fisher exact test). Recurrent 
episodes occurred in 5 IDU patients: 4 experienced 
3 episodes each, and 1 had 2 episodes. The overall 
3-month mortality rate was low (1/30 deaths, 3.3%); 
we observed no significant differences between IDU 
and non-IDU groups.

IDU Characteristics
We collected data on injected products for 23/26 
IDU patients. Most (n = 16 [69.6%]) patients were 
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Table. Demographic and clinical characteristics of invasive Wickerhamomyces anomalus infection cases reported through multicentric 
prospective national surveillance programs, France, 2012–2024* 
Characteristic All patients, N = 35 IDU, n = 26 Non-IDU, n = 9 p value† 
Age median (IQR)  42 (36–50) 41 (36–45) 55 (36–68) 0.11 
Sex     
 M 27/35 (77) 20/26 (77) 7/9 (78) >0.9 
 F     
Invasive fungal disease    0.6 
 Fungemia 31/35 (89) 22/26 (85) 9/9 (100)  
 Osteoarticular infection 4/35 (11) 4/26 (15) 0/9 (0)  
IFD risk factor other than IDU‡     
 HIV infection 2/31 (6.5) 2/26 (7.7) 0/5 (0) >0.9 
 Recent surgery 2/35 (5.7) 0/26 (0) 2/9 (22) 0.061 
 Central vascular catheter 9/35 (26) 2/26 (7.7) 7/9 (78) <0.001 
 Intensive care unit 7/35 (20) 3/26 (12) 4/9 (44) 0.055 
 Other underlying conditions‡ 4/35 (11) 1/26 (4) 4/9 (33) 0.010 
 >1 risk factor other than IDU 13/35 (37) 6/26 (23) 8/9 (89) <0.001 
 IFD history 8/33 (24) 7/25 (28) 1/8 (13) 0.6 
Community onset 17/34 (50) 16/26 (62) 1/8 (13) 0.039 
Associated deep-seated IFD    0.8 
 Spondylodiscitis 3/35 (8.6) 3/26 (12) 0/9 (0)  
 Septic arthritis 2/35 (5.7) 2/26 (7.7) 0/9 (0)  
 Endocarditis 1/35 (2.9) 1/26 (3.8) 0/9 (0)  
 Endophthalmia 1/35 (2.9) 1/26 (3.8) 0/9 (0)  
 None 28/35 (80) 19/26 (73) 9/9 (100)  
Bacterial co-infection 8/35 (23) 5/26 (19) 3/9 (33) 0.4 
Invasive fungal co-infection 7/35 (20) 4/26 (15) 3/9 (33) 0.3 
First-line antifungal treatment    0.5 
 Echinocandin monotherapy 25/35 (71) 19/26 (73) 6/9 (67)  
 Fluconazole monotherapy 3/35 (8.6) 3/26 (12) 0/9 (0)  
 Voriconazole monotherapy 2/35 (5.7) 1/26 (3.8) 1/9 (11)  
 Combination therapy 2/35 (5.7) 1/26 (3.8) 1/9 (11)  
 No antifungals 3/35 (8.6) 2/26 (7.7) 1/9 (11)  
Median length of hospital stay, d (IQR) 15 (7–31) 12 (6–23) 55 (22–64) 0.005 
Recurrence 5/30 (17) 5/22 (23) 0/8 (0) 0.3 
90-d all-cause mortality 1/30 (3.3) 0/22 (0) 1/8 (13) 0.3 
*Values are no. (%) except as indicated. Data reported through Reseau de Surveillance des Infections Fongiques invasives (RESSIF) and Surveillance 
des Infections Fongiques Invasives (SINFONI). Denominators lower than the N/n value for each category indicate missing data. IDU, injecting drug user; 
IFD, invasive fungal disease; IQR, interquartile range. 
†Determined by Wilcoxon rank-sum test or Fisher exact test.  
‡Other underlying conditions were hematologic malignancy (n = 1), solid organ malignancy (n = 1), premature neonate (n = 1), and severe malnutrition  
(n = 1). 
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multiple drug injectors. Heroin and cocaine were the 
most commonly injected substances (n = 13 each), 
followed by buprenorphine (n = 11), other opioids (n 
= 7), amphetamines (n = 4), and methylphenidate (n 
= 4). No single substance was common to all cases. 
In addition, 14 (60.9%) patients reported a history 
of alcohol abuse. A total of 21 patients documented 
their housing status; 13 (61.9%) were either home-
less (n = 10) or living in precarious conditions (2 in 
caravans and 1 in a social hostel), whereas 8 (38.1%) 
resided in private housing.

W. anomalus Isolates
Among the 47 reported episodes of W. anomalus IFD, 
36 isolates were available for subsequent analyses. 
We recovered multiple isolates from recurrent epi-
sodes in 5 patients. Of note, 1 isolate had been ob-
tained from the cotton a patient had used to filter in-
jected drugs; it had been collected concurrently with 
a W. anomalus fungemia. All identifications provided 
by MALDI-ToF mass spectrometry and sequencing 
methods were concordant. In addition, we included 
19 W. anomalus isolates collected during 2004–2024, 
outside the RESSIF and SINFONI surveillance pro-
grams (involved or not in IFD), and the NRRL Y3668 
reference strain in subsequent genotypic analyses, re-
sulting in a total of 56 isolates.

STR Genotyping
We subjected 49 of the 56 isolates to STR genotyp-
ing: 26 originating from IDU patients, 15 from non-
IDU patients, and 7 from patients with unknown 
IDU status or environmental sources, as well as the 
reference strain. Analysis revealed 41 unique STR 
profiles identified across both IDU and non-IDU 
groups (Figure 1). We observed no distinct genetic 
cluster among all IDU isolates. However, 8 isolates, 
including 7 from 4 IDU patients across different 
hospitals, formed a small cluster with limited varia-
tions in repeat numbers. Furthermore, 3 genotypes 
were shared across different patients: 1 was found 
in 2 IDU patients from the same hospital (isolates 
CNRMA23.611/CNRMA24.852, hospital H1), and 
the other 2 in patients who differed in time of infec-
tion, geographic location, and IDU status (isolates 
CNRMA20.747/CNRMA14.503 and CNRMA9.1011/
CNRMA15.118). In addition, an IDU patient’s blood 
culture isolate (isolate CNRMA24.858) and the iso-
late recovered from the cotton used by the same pa-
tient to filter drugs, collected concomitantly with the 
fungemia (isolate CNRMA24.857) shared the same 
genotype. Finally, regarding recurrent episodes, 
all isolates were genotypically identical (isolates 

CNRMA12.528/CNRMA14.76, CNRMA24.850/
CPELBDX11, and CNRMA24.853/CNRMA24.852) 
or showed a minor repeat number variation at a sin-
gle locus (isolates CNRMA15.118/CNRMA15.277), 
except for 1 patient who had 2 W. anomalus isolates 
with distant STR profiles (isolates CNRMA19.199/
CNRMA17.645).

Whole-Genome Sequencing Analysis
Whole-genome sequencing (WGS) analysis of 53 
of the 56 isolates from this study, together with 11 
publicly available genomes (Appendix Table 1), 
yielded an alignment of 391,733 SNPs and revealed 
6 main clades (Figure 2). Across all 64 genomes, 
pairwise distances were 742–346,637 (mean 208,986) 
SNPs. Within-patient pair ranges were 742–15,296 
SNPs and all clustered together in the phylog-
eny, including the 2 that appeared distant by STR 
(isolates CNRMA17.645 and CNRMA19.199). The 
STR locus implicated in this discordance, namely 
M3b, lies within an LOH region on chromosome 
CM033148.1 (positions 1,446,243–1,447,304) (Figure 
3) in CNRMA19.199, explaining the discrepancy. 
Genetic diversity indices computed on 16,935 LD-
pruned SNPs across 52 isolates (excluding LOH-
affected isolates) confirmed substantial allelic diver-
sity (Simpson λ = 0.98; Nei unbiased gene diversity 
Hexp  =  0.38 + 0.08), with moderate differentiation 
between phylogenetic clades (global FST  =  0.16). 
Population structure using ADMIXTURE revealed 7 
genetic clusters broadly concordant with the 6 phy-
logenetic clades: 2 clades showed exclusive cluster 
assignment, whereas the remaining 4 displayed ad-
mixed profiles (Appendix Figure 3, panel A). Isolates 
from the same city consistently belonged to distinct 
clusters, providing no evidence for city-level popu-
lation structure (Appendix Figure 3, panel B).  

De novo assemblies were 12–30 Mb, consistent with 
results from public datasets for W. anomalus from the Na-
tional Center for Biotechnology Information in which 26 
genomes spanned 12.72–26.55 Mb (https://www.ncbi.
nlm.nih.gov/datasets/genome/?taxon=4927; accessed  
2025 Sep 16). Isolates with the smallest assemblies clus-
tered within a subclade enriched for LOH regions (Fig-
ures 2, 3), suggesting that expanded LOH promotes 
haplotig coalescence and yields more compact assem-
blies. QUAST (https://quast.sourceforge.net) further 
showed that assembly size increases with the duplica-
tion ratio (Appendix Figure 4), consistent with reten-
tion of haplotigs or unpurged duplicated segments, 
or both. We observed similar patterns in several of the 
assemblies, indicating that larger assembly sizes often 
reflect duplicated content rather than intrinsically larger 
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genomes. Finally, VAF profiles (Appendix Figure 5) 
showed shifts compatible with segmental aneuploidy in 
some genomic regions, although not fully supported by 
read depth. 

Discussion
This retrospective multicentric nationwide study, 
conducted over a 13-year period, provides new in-

sights on W. anomalus IFD. Of note, IDU emerged as 
a major risk factor, representing the sole underly-
ing condition in 20 (57.1%) of 35 cases (Table). An 
additional 6 cases occurred in IDU patients with 
other predisposing factors for IFD. Furthermore, a 
marked increase in W. anomalus IFD has been ob-
served since 2020, primarily driven by IDU-related 
infections, as 14 (53.8%) of 26 cases occurred after 
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Figure 1. Wickerhamomyces anomalus isolates in study of invasive W. anomalus infections among injecting drug users, France, 2012–
2024. Dendrogram was created by of 49 W. anomalus isolates genotyped using a 12-marker short tandem repeat approach. The P 
column indicates the IDU status of the patient from whom each isolate originated. The H column denotes hospital of origin for hospitals 
contributing >2 isolates. Blue shaded area indicates cluster of 7 IDU-associated isolates. Matching colored shading on isolate names 
indicates those isolates belong to the same patient. Numbers at nodes indicate bootstrap values. Scale bar represents the Bruvo genetic 
distance (short tandem repeat differences). IDU, injecting drug use.
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2020. In contrast to previous reports, we observed 
no hospital-based outbreaks in ICU or neonatal 
settings; of note, only 1 case was documented in 
a premature neonate. All but 1 non-IDU patients 
had classical risk factors for yeast IFD; that patient 
was homeless and exhibited behaviors suggestive 
of IDU, although we could not definitively confirm 
whether that was correct.

Although IDU is a well-recognized risk factor for 
invasive candidiasis (32,33), only 1 case of W. anomalus  

infection in an IDU had been reported in the literature 
(34) before a study published in 2025 that reported 7 
cases and demonstrated a notable overrepresenta-
tion of W. anomalus yeast in IDU-associated infec-
tions (18). However, a US study on fungemia among 
IDU patients did not report that association (35), 
suggesting that the emergence of W. anomalus infec-
tions may reflect local transmission dynamics, po-
tentially linked to specific drug products, injection 
practices, or environmental exposures. Of interest,  
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Figure 2. Phylogenetic tree of Wickerhamomyces anomalus isolates in study of invasive W. anomalus infections among injecting drug 
users, France, 2012–2024. Tree is based on genomewide SNPs from 53 W. anomalus isolates collected in the study and 11 publicly 
available genomes (isolate names starting with SRR) and was developed by neighbor-joining method. The P column indicates the IDU 
status of the patient from whom each isolate originated. The C column denotes phylogenetic clade. Matching colored shading on isolate 
names indicates those isolates belong to the same patient. Green bars represent assembled genome size of 13.9–29.7 Mb. Variation 
in assembly size reflects levels of genomic heterozygosity: isolates with extensive loss of heterozygosity (clade 1) have smaller 
assemblies caused by haplotype collapse, whereas highly heterozygous isolates have larger assemblies with uncollapsed haplotypes. 
Numbers at nodes indicate bootstrap values. Scale bar represents genetic distance (proportion of differing SNPs). IDU, injecting drug 
use; SNP, single-nucleotide polymorphism. 
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in the study we report, a W. anomalus isolate was re-
covered from the cotton a patient had used to filter 
injected drugs, which was collected concurrently with 
a blood culture that tested positive for W. anomalus. 
Genotyping analysis revealed that both W. anomalus 
isolates shared an identical STR genotype. The pa-
tient was otherwise colonized by Nakaseomyces glabra-
tus (formerly Candida glabrata) yeast. Taken together, 
those findings strongly suggest direct inoculation via a 
contaminated drug preparation, rather than skin con-
tamination. However, we identified no specific drug 
product as associated with the risk for W. anomalus IFD 
in our cohort. In addition, STR genotyping and WGS 
analyses did not reveal any specific cluster among IDU-
associated cases, arguing against contamination from 
a single source or a unique product over the 13-year 
study period. We did not identify consistent environ-
mental exposure either; patients had diverse housing 

situations across 15 cities. Nevertheless, 8 (30.8%) of 26 
patients originated from the same city, and 2 patients 
shared an identical STR genotype within a 6-month 
interval, suggesting possible local transmission or 
exposure. Finally, injection practices themselves may 
contribute to the transmission risk for W. anomalus. 
Previous reports have linked fungemia in IDU popula-
tions to the use of contaminated lemon juice for dilut-
ing brown heroin (36). Given that W. anomalus yeast is 
commonly found in water sources, food products, and 
fermented beverages such as wine and beer, exposure 
could plausibly occur through the use of nonsterile 
diluents. However, further environmental investiga-
tions and prospective practices surveys are warranted 
to substantiate our hypothesis.

Most (n = 25) W. anomalus IFD patients were treated 
with echinocandins either as monotherapy or in com-
bination with other antifungals (n = 2). Remarkably,  
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Figure 3. Genomewide loss of heterozygosity distribution across 6 chromosomes of Wickerhamomyces anomalus fungi in study of 
invasive W. anomalus infections among injecting drug users, France, 2012–2024. We analyzed 53 W. anomalus isolates collected 
in this study and 11 publicly available genomes, grouped by phylogenetic clade. Chromosomes are CM033145.1 (A), CM033146.1 
(B), CM033147.1 (C), CM033148.1 (D), CM033149.1 (E), and CM033150.1 (F). Red lines indicate clades. Black indicates loss of 
heterozygosity (LOH); gray, insufficient variant coverage; white (no color), heterozygosity. LOH patterns vary extensively within and 
between clades. Clade 1 (top) exhibits high levels of LOH and substantial variation between isolates. Other clades show more moderate 
and heterogeneous LOH distributions. Some isolates within a clade share similar patterns; others display distinct profiles.
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the overall 3-month mortality rate remained low (3.3%, 
n = 1/30) across both IDU and non-IDU groups, even 
in instances in which antifungal therapy was absent (n 
= 3) or limited to fluconazole (n = 3), despite elevated 
minimal inhibitory concentrations to fluconazole (37) 
(Appendix Table 1). That observation may suggest that 
W. anomalus exhibits lower virulence than other yeast 
species commonly implicated in fungemia.

MALDI-TOF mass spectrometry using commer-
cial databases appears to be an efficient method for 
accurate species-level identification of W. anomalus 
in clinical practice. In addition, both STR and WGS 
methods are suitable approaches for W. anomalus ge-
notyping, yielding overall concordant results. How-
ever, W. anomalus is a diploid heterothallic species, 
and our WGS analysis suggests that LOH events are 
frequently happening among this species. Genome 
assemblies of 12–30 Mb in our study match those of 
public data; smaller assemblies linked to LOH and 
larger ones to unpurged duplications (Appendix 
Figure 4). In that context, WGS SNP analysis might 
have overestimated the number of SNPs, suggesting 
that STR genotyping is a more reliable approach for 
assessing isolates’ relatedness and explaining the 
minor discordances observed between the 2 meth-
ods. LOH events have been shown to enable rapid 
adaptation to both host environments and antifun-
gal exposure (38); they have also been reported to 
constitute a major evolutionary mechanism driving 
divergence within C. albicans populations (39). LOH 
can lead to loss-of-function alleles with notable phe-
notypic variations. An example is in C. albicans clade 
I isolates, which carry a heterozygous LOF mutation 
in FUR1 conferring elevated intrinsic resistance to 
5-fluorocytosine (40); once rendered homozygous 
by LOH, the mutation results in complete resis-
tance to the drug. Four isolates exhibited resistance 
to 5-fluorocytosine in vitro (Appendix Table 1), but 
none showed evidence of LOH affecting the FUR1 
homologue. Nevertheless, we observed an interest-
ing LOH event in 2 isolates recovered from the same 
patient at different times (isolates CNRMA17.645 in 
2017 and CNRMA19.199 in 2019). In such pathogen, 
LOH might represent a more immediate adaptive 
response to environmental stress than sexual recom-
bination. Additional analysis could be useful to de-
termine precise chromosomic location of LOH and 
eventually loss-of-function related.

Data collection issues affected our study. Re-
ported IDU status and drugs injected might not re-
flect the patient’s situation at the time of the IFD epi-
sode. Similarly, because neither RESSIF nor SINFONI 
was specifically designed to capture IDU infections,  

participating centers might have missed information 
on injected products. In addition, the relatively lim-
ited number of cases and the imbalance between the 
numbers of IDU and non-IDU patients restrict the 
possibility of assessing confounding risk factors be-
tween the 2 groups through multivariate analysis.

In conclusion, this nationwide study in France 
highlights the increased risk for W. anomalus IFD 
among persons who use injected drugs; we observed 
a rise in cases since 2021. Our findings strongly sug-
gest an exogenous source of infection, potentially 
linked to environmental exposure or unsafe injection 
practices, and emphasize the importance of targeted 
preventive measures within IDU populations.
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Brun (Bobigny, France); Charles Soler (Clamart, France); 
Nicole Desbois-Nogard (Fort de France, France); Muriel 
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The COVID-19 pandemic has caused us 
to reevaluate what “work” should look like. 
Across the world, people have converted 
closets to offices, kitchen tables to desks, 
and curtains to videoconference back-
grounds. Many employees cannot help but 
wonder if these changes will become a 
new normal.

During outbreaks of influenza, corona-
viruses, and other respiratory diseases, 
telework is a tool to promote social dis-
tancing and prevent the spread of disease. 
As more people telework than ever before, 
employers are considering the ramifica-
tions of remote work on employees’ use of 
sick days, paid leave, and attendance. 

In this EID podcast, Dr. Faruque Ahmed, 
an epidemiologist at CDC, discusses the 
economic impact of telework.


