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Referentie [2] Candida auris: current epidemiology and battle plan (V. DI PILATO), ESCMID GLOBAL 2024 Barcelona

Referentie [1] Candida auris: a growing threat (A. CHOWDHARY), ESCMID GLOBAL 2024 Barcelona

Referentie [3] Discovery of the sixth Candida auris clade: molecular epidemiology in Singapore (Kwan Ki Karrie KO), E1035 ESCMID GLOBAL 2024 Barcelona
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Fungal infections from a One Health perspective

The changing faces of fungi

Traditional and genomic epidemiology of fungal.

The changing landscape of antifungal treatment.
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Schimmels

• Saprofyt
• Genera

• Aspergillus
• Candida
• Cryptococcus
• Histoplasma
• Trichophyton
• …
• Zygomycetes - Mucorales

Schoch CL, et al. NCBI Taxonomy: a comprehensive update on curation, resources and tools. Database (Oxford). 2020: baaa062. 
Image https://commons.wikimedia.org/wiki/File:Fungi_collage.jpg

Presenter Notes
Presentation Notes
Meestal saprofyt (dood organisch materiaal), soms parasitair (herbivor/carnivor)
Linksboven Clockwise: Amanita muscaria tyndrum, Scarlet elf cadnant dingle, Beschimmeld brood, Spizellomycete, Aspergillus.

https://doi.org/10.1093/database/baaa062
https://commons.wikimedia.org/wiki/File:Fungi_collage.jpg
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Schoch CL, et al. NCBI Taxonomy: a comprehensive update on curation, resources and tools. Database (Oxford). 2020: baaa062. 
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Presentation Notes
Mucorales (broodschimmels) grootste orde van voormalige Zygomycetes (Phylum nu Mucormycota)

https://doi.org/10.1093/database/baaa062


Candida

Microvida afspraak: als EUCAST/klinisch bekend (niet taxonomisch). Dikgedrukt is huidige wetenschappelijke taxonomische indeling.

EUCAST en klinisch bekend als Alternatieve namen

Candida albicans (current)
Candida glabrata (homotypic)
Candida dubliniensis (current)
Candida krusei (heterotypic)
Candida parapsilosis (current)
Candida tropicalis (current)
Candida kefyr (hetero)
Candida infanticola (basionym)
Candida lusitaniae (heterotypic)
Candida guilliermondii (heterotypic)
Candida auris

=
Nakaseomyces glabratus
=
Pichia kudriavzevii (current) Issatchenkia orientalis en Candida acidothermophilum (hetero)
=
Candida albicans var. tropicalis (homotypic)
Kluyveromyces marxianus (current); Candida pseudotropicalis (heterotypic)
Wickerhamiella infanticola (current)
Clavispora lusitaniae (current)
Meyerozyma guilliermondii (current)
Candidozyma auris (current)

NCBI taxonomy database; Edmond CID 1999; Liu F. doi.org/10.3767/persoonia.2024.52.02
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Presentation Notes
https://doi.org/10.3767/persoonia.2024.52.02 Liu F, Hu ZD, Zhao XM, Zhao WN, Feng ZX, Yurkov A, Alwasel S, Boekhout T, Bensch K, Hui FL, Bai FY. Phylogenomic analysis of the Candida auris-Candida haemuli clade and related taxa in the Metschnikowiaceae, and proposal of thirteen new genera, fifty-five new combinations and nine new species. Persoonia-Molecular Phylogeny and Evolution of Fungi. 2023.

http://doi.org/10.3767/persoonia.2024.52.02


Candida auris: reported cases

Import case
Single case
Transmission/multiple cases

2009  2008  2009 2010  2011 2012  2013  2014  2015  2016  2017  2018  2019  2020  2021  2022 2023

Japan                                                 
Korea                                                 

Speaker’s own image based on: Kim, M. CID 2009; Satoh K. M&I 2009



Candida auris: reported cases

Import case
Single case
Transmission/multiple cases

2009  2008  2009 2010  2011 2012  2013  2014  2015  2016  2017  2018  2019  2020  2021  2022 2023

BE Pakistan
USA   Columbia
ES     Panama

DE Ghana Oman
Japan                                                          S-Africa FR Venez Israel
Korea                                                 India  Kuwait  UK Brazil Canada NL2x   1x    1x       1x  …

Speaker’s own image based on: Chowdhary A. 2017; Kohlenberg 2022
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Presentation Notes
Chowdhary 2017 https://doi.org/10.1371/journal.ppat.1006290 and Kohlenberg 2022 https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2022.27.46.2200846
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Candida auris: reported cases

Speaker’s own image based on: Chowdhary A. 2017; Kohlenberg 2022
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Chowdhary 2017 https://doi.org/10.1371/journal.ppat.1006290 and Kohlenberg 2022 https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2022.27.46.2200846



[1];  cdc.gov/antimicrobial-resistance/media/pdfs/candida-auris-508.pdf who.int/publications/i/item/9789240060241

Candida auris
WHO Fungal Priority pathogens list
to guide research, development and public health action

CDC Antibiotic Resistance threats
in the United States 2019

- Tends to be resistance to multiple classes of antifungal agents
- Substantial pathogenicity
- Limited treatment options
- Transmitted nosocomial (skin scales)
- Persistence in the environment

Presenter Notes
Presentation Notes
https://www.cdc.gov/media/releases/2023/p0320-cauris.html#:~:text=CDC%20has%20deemed%20C.,infections%20with%20high%20death%20rates. and https://www.cdc.gov/antimicrobial-resistance/media/pdfs/candida-auris-508.pdf
2019: 476 cases; 2021: 1471 cases; 

http://cdc.gov/antimicrobial-resistance/media/pdfs/candida-auris-508.pdf
https://www.who.int/publications/i/item/9789240060241
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Candida auris

Porcine and human ex vivo skin models
- C.auris cause sustained colonization
- Multilayer biofilms under human sweat conditions
- Reside within hair follicles and penetrate deep skin layers
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Candida auris

Porcine and human ex vivo skin models
- C.auris cause sustained colonization
- Multilayer biofilms under human sweat conditions
- Reside within hair follicles and penetrate deep skin layers

[1]; DOI: 10.1126/science.adf8972 doi.org/10.1128/msphere.00623-22

Presenter Notes
Presentation Notes
groin, axilla, nares;
DOI: 10.1126/science.adf8972
https://doi.org/10.1128/msphere.00623-22 
Patients colonized and non-colonized;
IL-17 pathways (innate and adaptive) are important: decrease = dysbiosis = risk of colonization; 
LL37 = human skin immune factor against colonisation, fungistatic at low concentrations
Mice experiments: skin peptides protect against colonisation (CAMP, HIF-1a)
S.epidemidis induce LL-37 (CAMP) in keratocytes

https://doi.org/10.1126/science.adf8972
https://doi.org/10.1128/msphere.00623-22


Candida auris

Arastehfar JoF 2020 doi.org/10.3390/jof6030138

https://doi.org/10.3390/jof6030138


C. auris

Chow NA mBio 2020 https://doi.org/10.1128/mbio.03364-19

Clade IV emerged 30-40 years ago
Clade II emerged 317-400 years ago

Global: 80% FLUC-R, 23% AmB-R, 7% 
MCF-R

Clade II (E.Asia) 86% FLUC-S

Presenter Notes
Presentation Notes
FIG 4 Antifungal susceptibility and point mutations in drug targets in Candida auris. (a) Phylogenetic tree detailing clade, susceptibility to fluconazole (FCZ), amphotericin B (AMB), and micafungin (MCF), and point mutations in lanosterol 14-alpha-demethylase ERG11 (Y132F, K143R, and F126L) and beta-1,3-d-glucan synthase FKS1 (S639Y/P/F) associated with resistance. 
(b) Bar plot describing frequency (as a percentage) (y axis) of Y132F, K143R, and F126L point mutations in ERG11 for each clade.
https://journals.asm.org/doi/10.1128/mbio.03364-19

https://doi.org/10.1128/mbio.03364-19


E1035 Discovery of the sixth Candida auris clade: molecular epidemiology in Singapore; Kwan Ki Karrie KO

C. auris
Iran (Clade V)

Chow NA EID 2019 https://doi.org/10.3201/eid2509.190686



[3]

Candida auris

Candida auris (CAU) is a serious threat to global public health due to its worldwide distribution, multidrug 
resistance, high transmissibility, proven outbreak potential, and high mortality rates. We report the molecular 
epidemiology of the largest CAU collection in Southeast Asia (SEA) to date, along with the discovery of a novel 
sixth CAU clade.

- 73 clinical CAU isolates (unique clinical specimens from 35 patients, collected 2012-2023) were identified 
using MALDI-TOF.

- Whole-genome sequencing (WGS) using MinION. Additional Illumina sequencing was performed on either 
HiSeq X Five or MiniSeq, for a subset of isolates.

- De novo hybrid genome assembly was performed by assembling nanopore reads and further polishing 
using Illumina reads. Phylogenetic analysis and SNP distances calculated. Clades were determined by 
inspecting SNP distances and the sixth clade was detected as the genomes formed a new cluster.

Presenter Notes
Presentation Notes
Candida auris = haploid genome (single allel); Flye = reads to contigs; Medaka = consensus sequences and variant calls; Oxford Nanopore reads 10-100 kb, Illumina 150-300 kb (>1kb = long read)



Candida auris

- Clade VI isolates separated > 37,000 SNPs
- P1: 2018* fungemia from Bangladesh - cured
- P2: Indonesia, intraoperative tissue - cured
- P3: Singapore, surveillance nasal colonisation

- This genomic surveillance study represents the largest collection of CAU from 
SEA to date and provides evidence for the discovery of the sixth major CAU 
clade.

- Our findings underscore the need to enhance genomic surveillance in SEA, a 
region disproportionately underrepresented in pathogen genomic data.

I. S.Asia
II. E.Asia
III. Africa
IV. S.America
V. Iran
VI. Indomalayan

[3]
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Presentation Notes
50 of 73 isolates were cultured from sterile sites (blood, tissue, line, bone). Others from screening swabs, lower respiratory tract, urine, ear swabs, and an abscess.
Based on WGS analysis, 65/73 isolates (from 30 unique patients) belong to Clade I, 3/73 isolates (from 2 unique patients) belong to Clade II. 5/73 isolates (from 3 unique patients) were found to be genetically distinct from all known clades, and likely constitute a new sixth CAU clade (Figure 1A).
These Clade VI isolates were separated by at least 37,000 SNPs (37,000-235,700 SNPs) from all known CAU clades



Candida auris

[3]
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50 of 73 isolates were cultured from sterile sites (blood, tissue, line, bone). Others from screening swabs, lower respiratory tract, urine, ear swabs, and an abscess.
Based on WGS analysis, 65/73 isolates (from 30 unique patients) belong to Clade I, 3/73 isolates (from 2 unique patients) belong to Clade II. 5/73 isolates (from 3 unique patients) were found to be genetically distinct from all known clades, and likely constitute a new sixth CAU clade (Figure 1A).
These Clade VI isolates were separated by at least 37,000 SNPs (37,000-235,700 SNPs) from all known CAU clades



Candida auris

Porcine and human ex vivo skin models
- C.auris cause sustained colonization
- Multilayer biofilms under human sweat conditions
- Reside within hair follicles and penetrate deep skin layers

[2]
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Clade II - oldest, most susceptible
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Porcine and human ex vivo skin models
- C.auris cause sustained colonization
- Multilayer biofilms under human sweat conditions
- Reside within hair follicles and penetrate deep skin layers

[3]
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Candida auris

Pan-resistant strains
- 3 patients after treatment, no transmission
- Significant increase of transmission in ICU’s 2020

[1]; cdc.gov/mmwr/volumes/69/wr/mm6901a2.htm?s_cid=mm6901a2_w cdc.gov/mmwr/volumes/70/wr/pdfs/mm7029a2-H.pdf

Presenter Notes
Presentation Notes
https://www.cdc.gov/mmwr/volumes/69/wr/mm6901a2.htm?s_cid=mm6901a2_w
https://www.cdc.gov/mmwr/volumes/70/wr/pdfs/mm7029a2-H.pdf


https://www.cdc.gov/mmwr/volumes/69/wr/mm6901a2.htm?s_cid=mm6901a2_w
https://www.cdc.gov/mmwr/volumes/70/wr/pdfs/mm7029a2-H.pdf


Candida auris

Porcine and human ex vivo skin models
- C.auris cause sustained colonization
- Multilayer biofilms under human sweat conditions
- Reside within hair follicles and penetrate deep skin layers

[2]

Presenter Notes
Presentation Notes
Outbreak Italy: 
P1 no history travel abroad or admission, P2 link to P1 outside ICU; P3 no link (from other hospital).
P4 and P5 BSI 7 months after P1-P3; genetically related to index. spread to P6-P10 (all COVID-19)





Candida auris: current epidemiology and battle plan ( V. DI PILATO )

Candida auris

Porcine and human ex vivo skin models
- C.auris cause sustained colonization
- Multilayer biofilms under human sweat conditions
- Reside within hair follicles and penetrate deep skin layers

[2]

Presenter Notes
Presentation Notes
Outbreak Italy: 
P1 no history travel abroad or admission, P2 link to P1 outside ICU; P3 no link (from other hospital).
P4 and P5 BSI 7 months after P1-P3; genetically related to index. spread to P6-P10 (all COVID-19)





Impact of SARS-CoV-2 pandemic: 
Candidaemia and C. auris

[1]; Mulet-Bayona JV JoF 2021 https://doi.org/10.3390/jof7060440
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https://www.cdc.gov/mmwr/volumes/69/wr/mm6901a2.htm?s_cid=mm6901a2_w
https://www.cdc.gov/mmwr/volumes/70/wr/pdfs/mm7029a2-H.pdf
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Candida auris: current epidemiology and battle plan ( V. DI PILATO )

Candida auris

Porcine and human ex vivo skin models
- C.auris cause sustained colonization
- Multilayer biofilms under human sweat conditions
- Reside within hair follicles and penetrate deep skin layers

Presenter Notes
Presentation Notes
https://academic.oup.com/cid/article/78/5/1276/7459886
41 C.auris carriers: 
palms/finger tips 76%; nares 71%
2 body sites: better unless perianal swabs included.
room surfaces 32% 66/205 before - 21% after disinfection



Candida auris: a growing threat ( A. CHOWDHARY)

doi.org/10.1080/14737159.2023.2215929
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https://doi.org/10.1080/14737159.2023.2215929

https://doi.org/10.1080/14737159.2023.2215929


Candida auris: a growing threat ( A. CHOWDHARY)

Candida auris

Thrive at 42C
Tolerates 10% NaCl

India: salt marshes
Columbia: beaches
India: Apples (long storage+fungicides)
USA: Dog ears

doi.org/10.1128/mbio.01397-19

Presenter Notes
Presentation Notes
https://journals.asm.org/doi/10.1128/mbio.01397-19
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Candida auris: a growing threat ( A. CHOWDHARY)

Candida auris

Porcine and human ex vivo skin models
- C.auris cause sustained colonization
- Multilayer biofilms under human sweat conditions
- Reside within hair follicles and penetrate deep skin layers

AmB-R mechanism?

doi.org/10.1146/annurev-micro-032521-015858

Presenter Notes
Presentation Notes
https://www.annualreviews.org/content/journals/10.1146/annurev-micro-032521-015858#dataandmedia


https://doi.org/10.1146/annurev-micro-032521-015858


2024-04-19:
EUCAST has so far not defined breakpoints for C. auris, due to the lack of clinical outcome data and the high degree of 
clonality of this species. Thus, there is currently insufficient evidence to set breakpoints, but EUCAST are aware of other 
provisional cut-offs which are being used elsewhere, and in some commercial systems. 

Antifungal susceptibility testing of amphotericin B against C. auris has been associated with overestimation of resistance
due to greater variability and wider MIC distributions and/or higher MICs in several studies, which are briefly summarised 
below. Consequently, EUCAST warns against the use of the following tests for amphotericin B MIC testing of C. auris with 
S/R breakpoints of S ≤ 1 mg/L / R > 1 mg/L

● Etest, (Etest, bioMerieux), gradient strip
● Mic Test Strip (MTS, Liofilchem), gradient strip
● Vitek 2 system (bioMerieux) 
● Sensititre Yeast One (Thermofisher)

eucast.org/ast-of-bacteria/warnings

https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Warnings/Warnings_docs/EUCAST_AFST_Warning_regarding_Amb_test_against_C_auris_Final_19-04-2024_CG.pdf
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Warnings/Warnings_docs/EUCAST_AFST_Warning_regarding_Amb_test_against_C_auris_Final_19-04-2024_CG.pdf
https://www.eucast.org/ast-of-bacteria/warnings


[2]
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method specific breakpoint 4 mg/l?

[4]
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Candida auris

Porcine and human ex vivo skin models
- z
- y
- x

[1]
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Echinocandins resistance least, amfo-B second choice
Always test
Reza long acting echinocandin; Ibrexa oral triterpenoid
https://pubmed.ncbi.nlm.nih.gov/33753333/



Candida auris

Porcine and human ex vivo skin models
- z
- y
- x

chlorhexidine

[1]

Presenter Notes
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Quaternary ammonia compounds = chlorhexidine




Take Home

Take Home
- Primarily associated with the skin rather than the gut or 

mucosal surfaces
- Spreads rapidly in health-care environments leading to 

frequent outbreaks of nosocomial 
- x

[1]
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