Phenotypic and Genotypic Characterization of Antimicrobial-
Resistant (AMR) Strains from the ATCC® Collection
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Background

Antimicrobial resistance (AMR) is a global health crisis recognized by the WHO Priority Pathogens
List,’2 which identifies critical threats such as carbapenem-resistant Acinetobacter baumannii and
Candida auris. Trichophyton indotineae is an emerging fungal pathogen that has recently been isolated
in the US. These pathogens pose significant challenges for treatment and infection control.? To
accelerate the development of diagnostics and therapeutics, researchers need access to standardized,
well-characterized strains. ATCC addresses this need by providing a curated collection of bacterial and
fungal AMR strains, each extensively characterized both phenotypically and genotypically. Strains
include minimum inhibitory concentration (MIC) values, susceptibility profiles, and whole-genome
sequencing (WGS) data generated using lllumina and Oxford Nanopore platforms for high accuracy and
depth. Annotated genomes and methylation data are available through the ATCC Genome Portal
(genomes.atcc.org). By bridging genomic insights with clinical applications, ATCC empowers global
efforts to combat AMR and supports innovation in antifungal and antibacterial research.

To determine MIC profiles, antibiotic susceptibility was assessed primarily using VITEK2 AST cards
(bioMeérieux), selecting one or two cards per organism to cover a broad range of antibiotics.
Interpretations for resistant, intermediate, and susceptible categories followed CLSI standards (27t
Edition). For Neisseria gonorrhoeae, susceptibility was assessed using Etest strips (bioMérieux) with
MIC interpretation per CLSI M100-Ed35. Fungal susceptibility results were based on depositor-provided
data and guidelines.

Genomic analysis employed ISO 9001-compliant pipelines for sequencing, assembly, and annotation.
High-quality DNA was sequenced using lllumina and Oxford Nanopore Technologies platforms, and data
were combined to generate complete de novo hybrid assemblies. Assemblies were annotated via NCBI
PGAP#* and curated for antimicrobial resistance genes using NCBI AMRFinderPlus, CARD (RGlI), and
ResFinder for bacteria.> Assembled genomes for C. auris and T. indotineae strains were analyzed for
antifungal resistance mutations with FungAMR® through ChroQueTas. Clade determination for C. auris
was performed by AuriClass (https://github.com/RIVM-bioinformatics/auriclass).
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Figure 1: Workflow for phenotypic and genotypic characterization of ATCC AMR strains. (A) The
appropriate VITEK 2 AST cards (bioMeérieux) are selected and loaded on to the VITEK 2 instrument to
produce the MIC profile. (B) DNA is extracted using a method best suited for organism type and next-
generation sequencing (NGS) libraries are produced and loaded on the NextSeq 2000 (lllumina) and
Gridlon (Oxford Nanopore Technologies) instruments. Data from both platforms were quality controlled
and a subsequent hybrid genome assembly was produced and annotated. ONT base called data was
further analyzed for the presence of methylated nucleotides. Image created using BioRender.com
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Results

Table 1: No of ATCC® strains on the WHO priority pathogens
list:12 Critical group.

®
WHO Critical Priority Pathogens No of ATCC
strains
Carbapenem-resistant 10
Acinetobacter baumannii
Carbapenem-resistant 10
Klebsiella pneumoniae
Carbapenem-resistant 5
Escherichia coli
Third-generation cephalosporin-resistant
L . 12

Escherichia coll
Third-generation cephalosporin-resistant

; . 13
Klebsiella pneumoniae
Rifampicin-resistant 3
Mycobacterium tuberculosis
Aspergillus fumigatus 191
Candida albicans 227
Candida auris 8
Cryptococcus neoformans 134
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Table 2: AMR profile of Candida aurius strains from the ATCC® collection. Strains are categorized as resistant (red),
intermediate (yellow), susceptible (blue), or unspecified (gray) per CLSI/CDC breakpoints (ug/mL).

Antifungal Class Antifungal Type MYA-5000™ MYA-5001™ MYA-5002™ MYA-5003™ MYA-5043™ MYA-5044™ MYA-5045™ MYA-5046™
Fluconazole

Isavuconazole 0.015 0.03 0.5 0.25 0.5 0.03 0.03
Azoles Itraconazole 0.06 0.12 0.5

Posaconazole 0.03 0.06 0.06 0.25 0.12 0.06 0.12

Voriconazole 0.5 0.015 1 2 2 2 0.06 0.5

Anidulafungin
Echinocandins | Caspofungin

Micafungin
Polyenes Amphotericin B
Clade I || i IV I I IV i
_ Country Pakistan Japan South Africa Venezuela Kuwait Germany Panama Australia
m'f;';‘]g:';n Year of isolation 2015 2009 2012 2012 2022 2022 2022 2019
Source (Human) Urine Auditory canal Blood Blood Lymph Nodes Trachea Ureter Skin
Antifungal mutations c¥:c511:: kl‘; %14‘3,2:9 mNu‘; a“;‘i“c")ﬁs Cyplf;;:';‘é:_ii“a’ Cyp51: Try132Phe|Cyp51: Try132Phe|Cyp51: Try132Phe Cg'fsfur:‘q?s‘;ﬁ;g Cyp:;;}';égi“a’

Table 3: AMR profile of additional 31 Candida auris Table 4: AMR profile of 15 Trichophyton indotineae strains in
strains coming to the ATCC® collection. Strains are the ATCC® collection. Strains are categorized as resistant
categorized as resistant (red), susceptible (blue), or (red), susceptible (blue), or unspecified (gray) per CLSI/CDC
unspecified (gray) per CLSI/CDC breakpoints. breakpoints.

No. of strains Antifungal Type Isolation Information | Mutations in SQLE

. g ® :
Antifungal Class Antifungal Type ATCC™Id o binafine Itraconazole Country Year Source protein

11 15 3 1

Fluconazole MYA-5021™ Germany Skin tinea| Phe397Leu Ala448Thr
MYA-5022™ Germany | 2018 | Skin tinea Ala448Thr
Isavuconazole MYA-5023™ Germany | 2019 | Skin tinea Phe397Leu
Azoles ltraconazole MYA-5024™ Germany | 2019 | Skin tinea Leu393Phe
Posaconazole MYA-5025™ Germany | 2020 | Skin tinea Phe397Leu
Voriconazole MYA-5026™ Germany | 2021 | Skin tinea Ala448Thr
Anidulafungin MYA-5027 ™ Austria 2021 | Skin tinea Phe397Leu
Echinocandins Caspofungin MYA-5028™ Austria 2022 | Skin tinea No mutation
Micafungin MYA-5029 ™ Poland 2019 | Skin tinea No mutation
Polyenes Amphotericin B MYA-5030™ Germany | 2023 | Skin tinea Ala448Thr
Country NY, USA MYA-5031™ Finland | 2020 | Skin tinea His440Tyr
Isolation ) ) MYA-5032™ Switzerland | 2019 | Skin tinea Phe397Leu
. Year of isolation 2021-2024 - ——
Information MYA-5033™ Estonia 2019 | Skin tinea | Phe397Leu Ala448Thr
Source Human MYA-5034™ India 2018 | Skin tinea Ala448Thr
Clade | MYA-5035™ India | 2018 | Skin tinea Phe397Leu

Conclusion

Here, we highlight a diverse set of recent clinically relevant isolates of Candida auris and Trichophyton indotineae added to
the ATCC® collection. These strains are extensively characterized antimicrobial-resistant isolates that are available to the
research community. Each strain is provided with:

= Source information — Geography, collection date, and collection source.
= Susceptibility data — MIC values and susceptibility profiles for targeted drugs.

= Genetic data — The complete and assembled genome sequence, annotated with antibiotic resistance genes. Identified a
novel Fks R1354G mutation that may be linked to echinocandin resistance in C. auris.

Overall, this diverse collection of highly characterized AMR strains provides a valuable resource for diagnostics and
therapeutic development.
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