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Abstract
Purpose of Review This review summarises the epidemiology of Candida auris infection and describes contemporary and
emerging diagnostic methods for detection and identification of C. auris.
Recent Findings A fifth C. auris clade has been described. Diagnostic accuracy has improved with development of selective/
differential media for C. auris. Advances in spectral databases of matrix-associated laser desorption ionisation time-of-flight
mass spectrometry (MALDI-TOFMS) systems have reduced misidentification. Direct detection ofC. auris in clinical specimens
using real time PCR is increasingly used, as is whole genome sequencing (WGS) to track nosocomial spread and to study
phylogenetic relationships and drug resistance.
Summary C. auris is an important transmissible, nosocomial pathogen. The microbiological laboratory diagnostic capacity has
extended beyond culture-based methods to include PCR andWGS. Microbiological techniques on the horizon include the use of
MALDI-TOFMS for early echinocandin antifungal susceptibility testing (AST) and expansion of the versatile and information-
rich WGS methods for outbreak investigation.

Keywords Candidaauris .Candidaemia . Invasivecandidiasis .Nosocomial infection .Multidrug resistance (MDR) .Antifungal
resistance . Matrix-associated laser desorption time of flight (MALDI-ToF) . Antifungal susceptibility testing . Whole genome
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Introduction

Candida auris was first isolated in Japan in 2009 from the
external auditory canal of a patient [1]. Since then, the rapid

simultaneous global emergence of this pathogenic fungus has
been described across all continents except Antarctica.
Currently, C. auris is separated into four geographic clades
which differ by > 10,000 single nucleotide polymorphisms
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(SNPs): the South Asian (clade I), East Asian (clade II),
African (clade III) and South American (clade IV) clades.
[2–4]. Recently, a 5th clade has been reported from Iran
[5•]. The high number of SNPs between clades suggests the
emergence ofC. auris in multiple locations at once as opposed
to a clonal source [4]. The drivers for this recent global co-
emergence are unclear but may include increasing antifungal
selection pressures within hospitals and agricultural practices,
along with anthropogenic factors [4, 6•]. The pathogenicity of
C. auris pertains to its multidrug resistance profile to antifun-
gal agents, reported across all major classes [6•].

Although earlier reports of C. auris infection have been
associated with predominantly nosocomial outbreaks [5•, 6•,
7, 17, 18], sporadic cases have also been described [19, 20•].
Furthermore, colonisation of patients with C. aurismay occur
without infection, and these patients can act as a reservoir for
nosocomial spread [6•]. This highlights the need to understand
local epidemiology and patterns of transmission. Further, it is
essential that laboratories providing diagnostic services to
healthcare institutions are capable of rapidly and accurately
detecting C. auris in clinical samples.

This review aims to summarise the epidemiology of
C. auris infections and describe contemporary diagnostic
methods for detection and identification in microbiology
laboratories.

Epidemiology and Clinical Features of C. auris
Infection

The origin, transmission dynamics, epidemiology and envi-
ronmental niches ofC. auris remain incompletely understood.
To date, there are no identified animal reservoirs [7, 8•].

C. auris infections have largely been healthcare-associated
[9–11]. In the context of nosocomial candidaemia, C. auris is
over-represented and has become endemic in South Africa
[12] and India [13] where it accounts for 15% and 5–30% of
the national reported candidaemia figures, respectively.
Nosocomial spread causing protracted outbreaks involving
critical and intensive care unit (ICU) settings and immuno-
compromised cohorts has occurred in Europe (Spain and the
UK), the USA and Venezuela [3, 11, 14–17]. Other countries
such as Norway, Germany and Australia [18, 19] have report-
ed sporadic cases.

Candida auris infections have been documented in multi-
ple (> 40) countries worldwide, affecting between 5 and 10%
of C. auris-colonised patients [20•, 21]. The clinical spectrum
of C. auris-related infections ranges from mild, superficial
infections such as otitis media to invasive diseases similar in
spectrum to invasive candidiasis due to other species [7, 14,
22]. The epidemiology for candidaemia is similar to that for
other Candida spp. [7, 14, 22]. At-risk groups include those at
extremes of age, ICU patients and patients with underlying

immunosuppression or chronic diseases, especially following
healthcare exposure. Crudemortality rates ofC. auris invasive
fungal disease remain high (30–60%) [9, 10, 14, 23].

Colonisation Due to C. auris

C. auris is unique among pathogenic fungi in its persistence
within the clinical environment and inter-patient transmissi-
bility. The limited efficacy of non-sporicidal disinfectants
against this yeast contributes to the observed environmental
persistence, for days to weeks, on inanimate surfaces, such as
dry linen, reusable temperature probes and blood pressure
cuffs [17, 25, 26•, 27, 28]. Contact with contaminated items
is the most common method of colonisation, and the capacity
to form high-burden biofilms has a key pathogenic role [14,
17, 22, 24–26•]. The highest prevalence of colonisation is
reported in patients of ventilator-capable skilled nursing facil-
ities (23-71%) [27]. Otherwise, close contacts of cases (cur-
rent or past room contacts within the prior month) have a
documented colonisation rate of 12–21% [14, 28].

Risk factors for colonisation and subsequent invasive dis-
ease vary between geographic surveys. Common identified
risk factors include recent surgery (especially abdominal); se-
vere concurrent medical conditions, often with ICU admission
and/or mechanical ventilation; diabetes mellitus; immunosup-
pression; and the presence of invasive catheters and protracted
antimicrobial administration, with nearly 50% of cases in one
cohort receiving antifungal therapy at the time of, or immedi-
ately before diagnosis of C. auris infection [7]. The temporal
dynamics of colonisation are uncertain and may be indefinite.
Screening of healthcare workers is not recommended unless
risk factors are identified, as they have not been linked to
previous outbreaks [10, 11, 14, 24, 29].

Screening for C. auris Colonisation
in Asymptomatic Patients

Screening for colonisation is recommended for patients with
inpatient healthcare contact in settings where C. auris trans-
mission has occurred, or close contacts of confirmed C. auris
cases [7, 8•, 28, 29].

Public health laboratories commonly recommend superfi-
cial swabs of the axillae and groin for patient screening and
environmental sponge samples for mycological culture. This
is based on the ability of C. auris to colonise multiple body
sites including nares, mouth, external ear canals, urine,
wounds and rectum [15]. Swabs immersed in Amies transport
medium are preferred over dry swabs as they promote the
viability of the organism, and use of flocked swabs is likely
to improve yield [26•, 29].
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Diagnosis of C. auris Invasive Disease

As for other Candida spp., C. auris can be readily cultured
from blood, urine, sputum and other bodily fluids. Prior to the
description of C. auris, identification of yeasts from non-
sterile clinical samples was ad hoc and limited. Yeasts such
asCandida spp. are known colonisers and when isolated from
non-sterile sites used to pique little interest in the microbiolo-
gist. Prompted by the emergence of this pathogenic fungus,
major changes have been made to laboratory protocols in or-
der to distinguish C. auris in clinical samples. Guidance and
best practice documents from key professional bodies such as
the Centers for Disease Control and Prevention (CDC) [29]
and the Australasian Society for Infectious Diseases (ASID)
[8•] recommend complete identification of yeasts to exclude
C. auris from sterile sites and using clinical judgement regard-
ing select non-sterile site specimens. Existing or prior cases of
C. auris colonisation or infection in the same healthcare facil-
ity should heighten laboratory vigilance. In practice, it re-
mains challenging to balance the need to exclude C. auris
against the extra cost and time that is often applied to mixed
growths of yeast with little clinical relevance. Anecdotally,
whilst changes in recommendations have led to heightened
awareness of C. auris among clinicians and increased com-
plexity in the laboratory workup of yeasts, translational re-
search that systematically compares the efficacy of this strat-
egy as an adjunct to, or in comparison with, screening tests in
non-endemic areas has not been reported.

As culture requires significant time and may not de-
tect all cases, the use of biomarkers to assist in identi-
fying invasive C. auris infections is attractive. 1, 3-
Beta-D-glucan (BDG) is a biomarker with reasonable
sensitivity for the diagnosis of invasive candidiasis.
However, in one South African study, BDG performed
poorly in the detection of C. auris candidaemia, with a
sensitivity of 71% which was the lowest of all Candida
spp. Given this, biomarker use with BDG for C. auris
diagnosis is not currently recommended [30].

Laboratory Diagnosis of C. auris

Whether screening or clinical specimens are submitted,
culture-based diagnostics are the current stalwart of the
clinical mycology laboratory. Turn-around time and di-
agnostic sensitivity are improved by the use of molecu-
lar technologies, particularly for specimens from indi-
viduals with a high pre-test probability of C. auris col-
onisation or infection. Molecular technologies are in-
creasingly being used in most laboratories as an adjunct
to culture-based techniques.

Culture-Based Approaches for C. auris
Isolation

Mycological culture remains the cornerstone of the laboratory
diagnosis of C. auris. Distinguishing features to ensure an
accurate identification and minimise misidentifications are
outlined in Tables 1, 2 and Fig. 1.

C. auris grows on routine laboratory and mycological me-
dia such as Sabouraud dextrose agar (SDA) and chromogenic
media and has an optimum growth temperature of 37–40 oC
[1]. A prolonged incubation time of up to 10 days may be
required for screening of primary clinical samples [8•]. In
practice, 48 h incubation after enrichment is probably suffi-
cient [10, 31•].

Standard Candida chromogenic agar does not permit dif-
ferentiation ofC. auris from other common Candida spp. as it
lacks a distinctive colony colour to Pichia kudriavzevii (for-
merly C. krusei), C. glabrata complex or Meyerozyma
guilliermondii (formerly C. guilliermondii) [29]. A recently
described novel chromogenic agar, CHROMagarTM Candida
Plus, has promising utility for rapid identification and differ-
entiation of C. auris from other Candida species [32•]. On
CHROMagarTM Candida Plus (CHROMagar, France), all
four lineages of C. auris have pale cream colonies with a
distinctive blue halo (Fig. 1). In an evaluation of more than
50 Candida species, only the clinically very rare
C. diddensiae was noted to have a similar appearance [32•].
Growth may be faster on CHROMagarTM Candida Plus, with
detectable colony growth as early as 36 h [32•].

The use of selective enrichment broth media optimised to
C. auris growth characteristics achieves a faster recovery time
in clinical specimens, along with improved sensitivity and
specificity [14, 26•]. The CDC currently recommends use of
10% salt Sabouraud Dulcitol (SDD) broth mediumwith chlor-
amphenicol and gentamicin, inoculated then shaken and sub-
sequently incubated at 37–40 oC [26•]. This utilises C. auris’
unique ability to grow at elevated temperatures and in the
presence of saline conditions (10% weight/volume) [26•].
C. haemulonii and C. duobushaemulonii may also grow in
such conditions but require glucose as a carbon source, in
contrast to C. auris which can use dulcitol or mannitol as a
carbon source [26•].

Local practice varies according to in-house laboratory pro-
cesses, with some sites following CDC recommendations by
incubating for 5 days in an enrichment broth and then plate
culture for 48 h, whilst others opt to plate directly and incubate
on selective agar for 10 days with the goal of reducing turn-
around time as most grow within 48 h. The aforementioned
CHROMagarTM Candida Plus may also be used as a primary
isolation medium with clinical screening samples, though
whether the sensitivity of this approach will be equivalent to
using an enrichment step remains to be seen [32•].
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On microscopy, C. auris demonstrates oval-elongated,
budding single or aggregates of yeast, approximately 2.0–
3.0 x 2.5–5.0 μm [1, 33], with smooth, white-cream colo-
nies on SDA [1, 31, 33], beige to pink colonies on the
BrillianceTM Candida Agar (Oxoid, UK) [1, 31, 33], pale
pink colonies on Candida CHROMagarTM (Becton
Dickinson, Heidelberg, Germany) [31] and pale pink col-
onies on CHROMIDR Candida (BioMerieux, France) (Fig.
1) [1, 31, 33]. Clade-specific phenotypic characteristics
have been observed. Pseudohyphae are rare for isolates of
the South African and Japanese/Korean clades but may be
present in isolates of the Southern Asian clade [31, 34]. In
contrast, cell aggregate formation is more frequently ob-
served in isolates of the South African and Southern Asian
clades [34]. C. auris does not form germ tubes [31, 34].

Phenotypic and Biochemical Identification
of C. auris

Reliable identification through traditional phenotypic and bio-
chemical methods is challenging, and these have largely been
superseded by proteomics and molecular methods. The con-
ventional assimilation methods are unable to differentiate be-
tween C. auris and phylogenetically related C. haemulonii
complex [35]. The main phenotypic and growth characteristic
differences between the two are described in Table 2.
Cyclohexamide inhibits the growth of C. auris. C. auris fer-
ments glucose, sucrose and trehalose and assimilates glucose,
sucrose, maltose, D-trehalose, D-raffinose, D-melezitose, D-
mannitol, sorbitol, citrate, inulin, starch, ribitol, galactitol, N-
acetyl glucosamine, succinate and gluconate [33]. A notable

Table 1 Reported misidentifications of Candida auris from some commercial biochemical and MALDI-TOF-MS identification systems.
Table adapted from [3, 29]

Identification method Candida auris can be misidentified as Comments

Biochemical method

Vitek 2 YST Candida haemulonii
Candida duobushaemulonii
Candida spp. not identified

Updated software version 8.01 will identify C. auris.

API 20C AUX Rhodotorula glutinis (characteristic red colour
not present)

Candida sake

Reflex to MALDI-TOF or sequencing

API ID 32C Candida intermedia
Candida sake
Saccharomyces kluyveri
Candida spp. not identified

Reflex to MALDI-TOF or sequencing

BD Phoenix yeast identification
system

Candida haemulonii
Candida catenulate
Candida spp. not identified

Reflex to MALDI-TOF or sequencing

MicroScan Candida famata/Debaryomyces hansenii
Candida guilliermondii*/Meyerozyma

guilliermondii
Candida lusitaniae*/Clavispora lusitaniae
Candida parapsilosis*
Also rarely misidentifies as C. albicans and

C. tropicalis
Candida spp. not identified

Reflex to MALDI-TOF or sequencing

RapID Yeast Plus Candida parapsilosis*
Candida spp. not identified

Reflex to MALDI-TOF or sequencing

MALDI-TOF MS

VITEK MS (bioMerieux) C. albicans
C. haemulonii
C. lusitaniae/Clavispora lusitaniae
Candida spp. not identified

Reliable updated databases include
IVD library v3.2 onwards
RUO library with Saramis Version 4.14 database and

Saccharomycetaceae update

MALDI Biotyper (BRUKER
Daltronics)

Neisseria meningitidis serogroup A
Pseudomonas rhizosphaerae

Reliable updated databases include
CA System library Version Claim 4
RUO libraries versions 2014 (5627) and more recent

Abbreviations: C. auris, Candida auris; MALDI-TOF matrix-assisted laser desorption ionisation time-of-flight, RUO research use only

*Yeast isolates which identify as Candida guilliermondii/Meyerozyma guilliermondii, Candida lusitaniae/Clavispora lusitaniae or Candida
parapsilosis can be further evaluated using cornmeal agar. If no hyphae or pseudohyphae are present on cornmeal agar, these can be ruled out; the
isolate will require further workup for C. auris. If hyphae or pseudohyphae are present, the isolate is likely one of the above. However, some C. auris
strains have had hyphae or pseudohyphae; thus, this distinguishing feature is for guidance rather than confirmation.
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exception, however, are Japanese and Korean reference iso-
lates which do not assimilate N-acetyl glucosamine [36].

The Emerging Role of Mass Spectrometry

In contrast to biochemical methods, matrix-assisted laser
desorption ionisation time-of-flight mass spectrometry

(MALDI-TOF MS) has proven to be an accurate, dis-
criminatory, high throughput method for pathogen iden-
tification [3, 5, 11, 13, 15, 36]. Successful, reliable and
reproducible identification of C. auris by MALDI-TOF
has been demonstrated on isolates from a variety of
agars and also directly from blood culture bottles [3,
5•, 11, 13, 15, 36].

Table 2 Phenotypic and growth characteristics of C. auris and C. haemulonii complex. Adapted from [26, 35]

Characteristics C. auris C. haemulonii C. duobushaemulonii C. haemulonii var. vulnera C. pseudohaemulonii

Fermentation of:

Raffinose - - + - -

Sucrose + + + + -

Growth at:

37 oC + - + + +

40 oC + - - - -

Growth on SAB1:

Dextrose + - - - -

Dulcitol + - - - -

Mannitol + - - - -

Growth in 60% glucose - - + - ND

Vitamin-free medium + - - - ND

1 SAB, Sabouraud broth incubated at 40 oC with dextrose, dulcitol, and mannitol as carbon sources

Culture 

medium 

Saboraud 

dextrose agar 

Brilliance
TM 

Candida 
 

Agar 

  CHROMagar
TM

 CHROMID
R
 

Candida Medium 

CHROMagar
TM

Candida Plus 

C. auris White to cream Beige to pink   Pale pink      Pale pink Blue halo

C. albicans White to cream Green   Green      Blue Green

C. 

parapsilosis

White to cream Beige/yellow/brown   White, pale pink 

  or light lavender  

     White White

C. glabrata 

complex

White to cream Beige/yellow/brown   Dark pink to 

  purple 

     White Pink

P. 

kudriavzevii 

(C. krusei)

White to cream   -Dry, irregular pink     

brown 

  Light rose to pink      White Purple

 White to cream Dark blue   Gray, blue to 

    blue-greenish 

     Pink PurpleC. tropicalis

  Candida Medium 

Fig. 1 Characteristics of C. auris
on SAB and on chromogenic
media. BrillianceTM Candida
Agar (Oxoid, Basingstoke, UK),
CHROMagarTM Candida
Medium (Becton Dickinson,
Heidelberg, Germany),
CHROMIDR Candida medium
(bioMérieux, Marcy l’Étoile,
France), CHROMagarTM

Candida Plus (CHROMagar,
France). Images adapted from
[63–66]
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Extraction Methods for MALDI-TOF MS

Some studies report reliable log scores using ‘direct smear’
spotting of tiles [3, 5•, 11, 13, 15, 36]; most, however, note
higher identification log scores with full tube extraction
methods and slightly lower (but not statistically significant)
log scores with partial extraction techniques [37–39]. Full
tube extraction requires vortexing a volume of fresh
Candida culture in sterile double distilled or Milli-Q® water,
followed by addition of ethanol then a further centrifugation
step to create a pellet. The supernatant is then discarded; the
pellet air dried and resuspended in equal volumes of 70%
formic acid and acetonitrile. The resuspension undergoes a
final vortex step, and 1 μL is pipetted onto the MALDI target
plate and overlaid with the Bruker MatrixTM solution after air
drying [35, 38]. In contrast, described partial extraction
methods emulsify a loop of fresh culture in sterile water
(Fraser et al. standardised the suspension at 2 McFarland den-
sity), with either the addition of ethanol or concentrating to a
pellet and repeating the emulsification and then spotting 1 μL
of this solution to the MALDI plate and overlaying with 70%
formic acid and Bruker MatrixTM solution after air drying at
each step [37, 38].

MALDI-TOF MS Database Requirements

Accurate spectral databases are pivotal to diagnostic accuracy
(Table 1). The CDC diagnostic algorithm forC. auris includes
the Bruker research use only (RUO) libraries from 2014 on-
wards, or the United States Food and Drug Administration
approved Bruker CA System library Version 4, BioMerieux
RUO library 4.14 with Saccharomycetaceae update or
BioMerieux IVD library version 3.2 databases [29]. One study
has observed superior performance of the aforementioned
Bruker database compared to BioMerieux 3.2 for the identifi-
cation ofC. auris [40]. The BioMerieux 3.2 database has been
updated, and recent Australian quality assurance activity has
demonstrated excellent performance for identification of
C. auris [41]. Many C. auris studies utilise customised in-
house or commercial databases, highlighting the value of sup-
plementary in-house databases in achieving accurate compar-
ative spectra [35, 37, 38, 42]. Additionally, a CDC-curated
database, MicrobeNet, includes C. auris spectra and is freely
available for Bruker database supplementation (https://www.
cdc.gov/microbenet/index.html) (last accessed 22 March,
2021).

The Future of MALDI-TOF MS for C. auris

Future uses ofMALDI-TOFMS profiles for laboratories iden-
tifying C. auris include rapid clade assessment to aid

epidemiological investigations and antifungal resistance test-
ing (namely for the echinocandins: elaborated on below).
Spectral variation has been reported between clades, with re-
liable inter-clade clustering, providing quicker assessment of
isolate relatedness than WGS might otherwise allow [43•].
Whilst ClinProToolsTM had shown promise for sub-
speciation of Candida spp. as an add-on to the Bruker
MALDI-TOF, this software is no longer supported (personal
communication with the manufacturer).

Molecular Laboratory Methods for C. auris
Diagnosis and Epidemiological Studies

Significant advances have been made in the area of molecular
diagnostics for C. auris. Conventional phenotypic methods
are limited in that they may misidentify C. auris or only iden-
tify the pathogen to genus level only. Conventional PCR
methods that amplify the internal transcribed spacer (ITS)
and/or D1/D2 regions of the 28S ribosomal DNA (rDNA)
gene followed by DNA sequencing or WGS provide options
for accurate species identification [4, 8•, 44–47]. This requires
the isolate to be cultured, is expensive and requires expertise
[31, 48, 49]. Although MALDI-TOFMS improves timeliness
of identification, the isolate must still be cultured, taking up to
10 days. This can become onerous if applied to multiple col-
onies from screening swabs [32•, 48].

Nucleic Acid Amplification Testing (NAAT)

To facilitate a rapid turn-around time, many commercial and
academic groups have designed real time PCR assays to iden-
tify C. auris nucleic acid directly from patient samples, en-
abling results within hours [8•]. These assays are exquisitely
sensitive (with limits of detection in the range of 1–10C. auris
colony forming units (CFU)/PCR reaction) and specific, dem-
onstrated by testing large panels of pathogens including close-
ly related yeasts and other fungi on both clinical and screening
samples [48, 50]. Adams et al. demonstrated the increased
sensitivity of PCR when compared to culture on environmen-
tal screening isolates across New York healthcare facilities,
where an additional 19 of 781 screening samples were found
to be PCR positive, having been previously negative by cul-
ture [14].

Sexton et al. have recently developed a SYBR Green
(TaKaRa Bio, Japan)-based quantitative PCR assay with melt
curve analysis for use on skin swabs (groin and axilla) [51].
Compared to culture-based methods, this assay demonstrated
a sensitivity of 93% and a specificity of 96% and was able to
provide same day results. Lima et al. developed a Taqman
probe-based assay performed on the BD Max system
(Becton Dickinson Diagnostics, Sparks, MD) using primers
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and probes targeting the partial sequence of ITS1 and 28S
rRNA gene and complete sequence of 5.8S rRNA gene and
ITS2 [49]. Other rapid diagnostic assays include T2Candida
aurisTM (T2 Biosytems®) Panel RUO assay and loop-
mediated isothermal amplification assays that have been val-
idated for use on screening swabs [51, 52].

Other than having a role in species identification of C. auris,
sequencing of ITS or D1/D2 regions may be used for phyloge-
netic analysis to assess for clonality with other isolates [47].

Whole Genome Sequencing

WGS is increasingly being utilised for phylogenetic analysis
to investigate nosocomial outbreaks. It offers superior dis-
criminative power and shorter turn-around time (8–72 h) than
older typing methods such as amplified fragment length poly-
morphism and multilocus sequence typing; however, WGS
requires significant bioinformatics expertise and is expensive
[47, 53]. In the non-outbreak setting, WGS allows the differ-
entiation of new importation events from recent transmission
events [2]. Lockhart et al. carried outWGS on isolates from 54
patients, clearly demonstrating low genetic diversity within
clades in contrast to isolates from different regions [4]. A
challenge presented by the exceptionally low diversity within
some clades makes it difficult to establish a specific cut-off for
the number of SNPs required to differentiate an institutional
outbreak from circulating environmental isolates in endemic
areas. Isolates from within hospital outbreaks are reported to
be highly genomically related, with as little as <3 SNP differ-
ences [2, 4]. Eyre et al. used greater than 5 SNP differences as
a threshold for identifying distinct genomes in an ICU out-
break involving 70 patients in the UK; sequencing of patient
and environmental isolates implicated axillary temperature
probes as the source [17]. In contrast, WGS on clinical and
screening isolates obtained from 4 different patients in
Australia found that although all isolates belonged to clade
III, they arose from independent importation events [2].

In addition to its role in molecular epidemiology, WGS has
played a pivotal role in the understanding of virulence and
resistance (see below)

Assessment for Antifungal Drug Resistance

Reference standards for antifungal susceptbitlity testing for
yeasts are published by the Clinical Laboratory Standards
Institute (CLSI) and the European Committee for
Antimicrobial Susceptibility Testing (EUCAST). These two
standards differ in the methodology of broth microdilution
(BMD) and interpretative clinical breakpoints (CBPs), which
for C. auris have yet to be set by either group. However,
CBPs that have been established in other Candida species

may (or may not) be applicable to infections with C. auris
based on pharmacokinetic/pharmacodynamic data [8•, 54].
Such tentative breakpoints for antifungal resistance have
been offered by the CDC for use with CLSI methodology;
these are as follows: fluconazole,≥ 32mg/L (with the sugges-
tion to use susceptibility as a surrogate for other second gen-
eration triazoles and voriconazole); amphotericin B,≥ 2mg/L;
anidulafungin; and micafungin, ≥ 4mg/L. The high propor-
tion of isolates with likely acquired resistance has complicated
the establishment of breakpoints. Assessment of 123 C. auris
isolates from India by Arendrup et al. resulted in MIC distri-
butions that did not fulfil EUCAST criteria for epidemiologi-
cal cut off (ECOFF) determinations [18]. The amphotericin B
tentative breakpoint of 1–2 mg/L was consistent with that
proposed by the CDC. However, for the triazoles, more than
one peak was observed in the minimum inhibitory concentra-
tion (MIC), likely due to a large proportion of isolates includ-
ed that were non-wild type. It is worth noting that MIC distri-
bution varies with geography and specifically by clade [2, 34].
The echinocandin tentative breakpoints were 0.25–1mg/L,
lower than the CDC proffered breakpoints and for
anidulafungin, lacked reproducibility in MIC determination
due to partial inhibition over several dilutions [18].

Antifungal susceptibility interpretation is further compli-
cated by the need for expertise in interpretation. Sensititre
YeastOne YO10 (ThermoScientific, USA), E-test
(BioMerieux, France) and Vitek 2 YST AST (BioMerieux,
France) offer greater ease of use and decreased cost compared
with reference methods. However, a higher MIC for
amphotericin B was noted with Vitek 2 when compared with
E-test, and poor agreement of echinocandins on Vitek 2 and
E-test with BMD has been observed [8• , 33, 48].
Echinocandin MIC determination may be impacted by para-
doxical growth effect, most significantly with caspofungin for
which testing displays poor reproducibility, and azoles may
exhibit trailing growth [46•]. Thus, MIC values obtained for
C. auris should be confirmed in a reference laboratory.

WGS and targeted sequencing have highlighted mecha-
nisms of drug resistance in C. auris. A limited number have
been linked to clinical failure. Echinocandin resistance has been
shown in relation to amino acid substitutions FKS1 at position
S639, which is the homologue of hot spot 1 position S645 in
C. albicans [2, 46•, 48, 55–57]. Azole resistance has been dem-
onstrated in association with amino acid substitutions in
ERG11 including F126L, Y132F and K143R [2, 4, 58, 59];
most mutations are clade-specific, with clade I isolates from
India tending to display the Y132F and K143R mutations in
ERG11, whilst the F126L mutation is observed in clade III
isolates from South Africa. The links between mutations and
amphotericin B resistance are yet to be proven [46•]. The roles
of transporters, regulators and additional elements such as in-
creased copy number variation [45•] call for further research to
clarify their role in drug resistance [45•, 46•, 57].
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Molecular markers of antifungal drug resistance offer
promise. Targeting recognised mutations associated with re-
sistance to echinocandin or azole therapy makes an approach
akin to that used for rifampicin use in Mycobacterium
tuberculosis feasible [46]. This would enable information
about likely non-susceptibility much quicker than standard
laboratory methods, or indeed WGS, especially if applied di-
rectly to clinical specimens to enable refinement of empiric
therapeutic regimens. A duplex assay designed to detect the
more commonmutations in ERG11 and FKS1 forC. auris has
been developed [60]. This approach currently carries more
potential for detection of likely echinocandin resistance than
for azole resistance, as few isolates with azole resistance had
detectable mutations in the ERG11 gene, reflecting the multi-
faceted nature of the mechanisms of azole resistance [46•, 61].
Given the high prevalence of raised fluconazole MIC in
C. auris [18, 43•], azole therapy should not form part of the
primary empiric treatment regimen.

Further, a technology that is increasingly accessible that
may provide rapid assessment of antifungal drug resistance
is proteomics [43•]. MALDI-TOF MS is now the standard
method of identification of fungal isolates, and recent data
suggested excellent concordance for assessment of
echinocandin non-susceptibility [43•]. Detection of
echinocandin resistance using the minimal profile change con-
centration (the minimal drug concentration needed to detect
changes in MALDI-TOF MS spectra after incubation with an
antifungal drug for 6 h) was found to correlate > 95% of the
time with echinocandinMICs determined by (CLSI) methods,
apart from caspofungin [43•, 62]. This will potentially allow
earlier optimisation of antifungal therapy and improve clinical
outcomes.

Conclusion

Candida auris is an important transmissible, nosocomial path-
ogen. As awareness increases, directing paradigm shifts in
screening and infection control practices is of great impor-
tance. Whilst the focus of diagnosis remains culture-based,
molecular techniques for screening are increasingly used for
rapid results. Commercial MALDI-TOF MS identification
systems have incorporated reliable spectra into their data-
bases. Clinical breakpoints from CLSI and EUCAST for this
MDR-fungus may be available in the near future. Future mi-
crobiological techniques include use of MALDI-TOF-MS for
early echinocandin AST and clade typing and expansion of
WGS methods for outbreak investigation.
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