
Rapid Molecular Detection of Echinocandin-Resistance in Candida auris

Abstract
Background: Candida auris is a multidrug-resistant yeast pathogen causing outbreaks in healthcare facilities worldwide, and the 
emergence of echinocandin-resistant C. auris is a concern. Currently used Clinical and Laboratory Standards Institute (CLSI) and 
commercial antifungal susceptibility tests are phenotype-based, slow, and not scalable, limiting their effectiveness in the surveillance 
of C. auris. There is an urgent need for accurate and rapid assessment of resistance to echinocandin-class antifungals, which are the 
first-line drugs of choice. We report developing a TaqMan chemistry probe-based fluorescence melt curve analysis (FMCA) following 
asymmetric PCR to assess mutations within the hot spot one (HS1) region of FKS1, encoding 1,3-β-D-glucan synthase, a target for 
echinocandins. 
Methods: C. auris isolates exhibiting echinocandin resistance by broth microdilution method were obtained from our Culture 
Collection Repository. These were cultured, followed by DNA extraction, PCR amplification, and Sanger sequencing of FKS1. 
Multiple alignments of FKS1 were done using Geneious 9.1.8 software. Primers and probes were designed from the HS1 region of the 
FKS1 for FMCA on LightCycler® 480. Assay validation included crude DNA extraction in PBS-BSA of pure C. auris isolates and 
testing five microliters of extracted DNA in duplicate for assay reproducibility, limit of detection, specificity, blinded verification, and 
melting temperature (Tm) range. 
Results: Twenty-five C. auris isolates were sequenced using ten primer pairs to produce full-length FKS1 (~5600-bp). Multiple 
alignments revealed several mutations within the ~590-bp of FKS1 comprising HS1 but not the HS2 region. Additional 39 isolates 
were sequenced for HS1 with three primer sets. Of 64 isolates, 25 were wild-type and 39 were mutants. Of mutants, one each was 
F635del and D642H/R645T, 4 were F635Y, 9 were F635C, 3 were S639P, 7 were S639F, and 14 were S639Y. All wild-type isolates 
were susceptible while all mutants were resistant to echinocandins except D642H/R645T by broth microdilution. FMCA correctly 
identified wildtype, F635C, F635Y, S639P, S639F, and D642H/R645T mutations with distinct Tm. An assay limitation was that it did 
not differentiate between S639F and S639Y as both yielded identical Tm’s and F635del only produced a Tm against 639 but not 
against the 635 probe needing Sanger sequencing to confirm FMCA result. FMCA was highly specific and reproducible for 
identifying various mutations in FKS1 for C. auris isolates, conferring echinocandin resistance. Additionally, there was excellent 
concordance between FMCA, Sanger sequencing, and antifungal susceptibility testing (AST).
Conclusions: Echinocandin-resistant C. auris pose a high risk for outbreaks worldwide. There is an urgent need for accurate and rapid 
assessment of echinocandin resistance as that is the drug of choice for patient management, infection control, and prevention
programs. The FMCA assay developed in this study will aid in the shortcomings of the turnaround time faced with current phenotypic 
assays (AST) and sequencing used for resistant detection.
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• We developed and validated a highly specific and reproducible FMCA assay for rapid identification of mutations in FKS1 linked to echinocandin resistance in C. auris
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Candida auris, a multidrug-resistant pathogenic yeast, has been reported in numerous countries on five 
continents, including Asia, Africa, Europe, South America, and North America, in the last decade (1-5). 
Antifungal resistance of C. auris is a major concern because variable resistance to all classes of 
antifungal drugs has been found, including resistance to echinocandins, which is the first-line drug of 
choice (6-10).  
Accurate and rapid identification of echinocandin resistance is needed because CLSI and commercial 
antifungal susceptibility tests are phenotype-based, slow, and not scalable. Studies have found that 
echinocandin resistance is linked to mutations within the hot spot one (HS1) region of FKS1, encoding 
1,3-β-D-glucan synthase (9-10). This study details the development of a Taqman chemistry probe-based 
fluorescence melt curve analysis (FMCA) following asymmetric PCR using the LightCycler® 480 
platform to identify these mutations for a rapid molecular prediction of echinocandin resistance. 
The flow chart below shows the testing algorithm upon implementing the FMCA assay to provide the 
most comprehensive results and a rapid turnaround time for appropriate infection control and patient 
care.  
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 Melting Temperature (Tm) Range: Tm range for each mutation was established by collection of data points for numerous C. 
auris wild-type and FKS1 mutant isolates. Results showed unique Tm range for wild-type and several of the FKS1 mutations.

635Probe Tm Range
Mutation No. of Data points Range Mean Median Mode SD %CV

F635C 113 34.24-35.68 35.02 35.03 34.92 0.25 0.72%

F635del 8 No Tm No Tm No Tm No Tm No Tm No Tm

F635Y 73 37.83-40.11 39.35 39.47 39.71 0.50 1.27%

Wild Type 273 50.59-54.36 53.18 53.29 53.11 0.73 1.37%

639Probe Tm Range
Mutation No. of Data points Range Mean Median Mode SD %CV
S639F 59 37.08-39.81 38.77 38.78 38.88 0.54 1.39%
S639P 69 51.07-52.27 51.78 51.79 51.85 0.21 0.41%
D642H/R645T 53 56.54-57.89 57.35 57.43 57.43 0.32 0.56%
S639Y 155 38.8-40.13 39.67 39.74 39.73 0.28 0.70%
Wild Type 271 58.16-59.80 58.65 58.65 58.66 0.16 0.27%

Amino Acid Key: F = Phenylalanine, C = Cysteine, Y = Tyrosine, P = Proline, H = Histidine, T = Threonine, 
S = Serine, D =  Aspartic acid, R = Arginine

• Limitations of FMCA assay:
• Unable to differentiate S639F and S639Y mutations due to identical Tm 
• Produced Tm only against 639 but not against 635 probe for F635del mutation, 

needing Sanger sequencing to confirm FMCA result

• Benefits of FMCA assay:
• Provides C. auris ID within 1 day vs. culture-based MALDI-TOF ID in 2-3 days
• Provides presumptive echinocandin resistance in 1 day vs. culture-based AST in 4-5 

days
• Rapid turnaround time of C. auris ID and echinocandin resistance can assist 

epidemiologists and physicians in infection control and patient care 

No. of 
Isolates

FKS1 Sanger 
Sequencing 
Mutation

FMCA Assay
Echinocandin 
Resistance

Sanger vs. 
FMCA vs. AST 
Agreement635Probe Tm 639Probe Tm

Final 
Interpretation

25 Wild Type 52.89-53.42 58.44-58.80 Wild Type Susceptible Yes

9 F635C 34.98-35.49 58.50-58.85 F635C Resistant Yes

4 F635Y 39.46-39.71 58.64-58.86 F635Y Resistant Yes

1 F635del No Tm 58.64 Possible F635del Resistant Yes

14 S639Y 53.18-53.78 39.49-39.80 S639F/Y Resistant Yes

7 S639F 53.18-53.63 38.82-39.37 S639F/Y Resistant Yes

3 S639P 53.73-53.99 51.65-51.79 S639P Resistant Yes

1 D642H/R645T* 52.89 57.27 D642H/R645T Susceptible No

 Inter and Intra-assay Reproducibility: The FMCA was 
reproducible with percent coefficient of variation below 5%.

Mutation
635Probe 639Probe

Mean Tm SD %CV Mean Tm SD %CV
Wild Type 53.20 0.38 0.71% 58.57 0.18 0.30%
F635C 34.94 0.20 0.58% 58.47 0.13 0.23%
F635Y 39.14 0.63 1.60% 58.58 0.09 0.15%
S639F 53.59 0.88 1.64% 38.58 0.37 0.95%
S639P 53.55 1.09 2.03% 51.66 0.33 0.64%
D642H/R645T 53.74 0.47 0.87% 57.33 0.35 0.62%
S639Y 54.03 0.19 0.35% 39.19 0.22 0.57%

 Sensitivity: The limit of detection (LOD) was between 3 x 
103 to 6 x 103 CFU/PCR reaction. The high LOD was not an 
issue as the assay was performed on pure C. auris isolates.

Mutation CFU/PCR Reaction
Wild Type 6 x 103

F635C 3 x 103

F635Y 3 x 103

S639F 6 x 103

S639P 6 x 103

S639Y 6 x 103

D642H/R645T 6 x 103

 Specificity: There was no cross-reactivity against various 
molds, and yeasts closely or distantly related to C. auris 
suggesting high specificity against C. auris.

 Blinded Validation: There was 100% concordance 
between FMCA and FKS1 Sanger sequencing for all 
mutations except S639F/Y.

No. Isolates Identified
C. auris (Clade I, II, III & IV) 17 Yes
Candida spp. (Closely related to C. auris) 7 No
Candida & Yeast spp. (Distantly related to C. auris) 38 No

Molds 14 No
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FMCA
F635C F635del F635YS639F/Y S639P D642H/R645T Wild Type Negative

Se
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en
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ng

F635C 9 0 0 0 0 0 0 0
F635del 0 1 0 0 0 0 0 0
F635Y 0 0 4 0 0 0 0 0
S639F 0 0 0 2* (16**) 0 0 0 0
S639Y 0 0 0 14* (16**) 0 0 0 0
S639P 0 0 0 0 3 0 0 0
D642H/R645T 0 0 0 0 0 1 0 0
Wild Type 0 0 0 0 0 0 25 0
Negative 0 0 0 0 0 0 0 13

Crude DNA 
Extraction Flowchart

*D642H/R645T is a silent mutation, this mutation does not appear to implicate echinocandin resistance 
*Sequencing identified 2 as S639F and 14 as S639Y         **FMCA identified 16 as S639F/Y  
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