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Abstract: Candida auris is an emerging pathogen with resistance to many commonly used antifungal
agents. Infections with C. auris require rapid and reliable detection methods to initiate successful
medical treatment and contain hospital outbreaks. Conventional identification methods are prone to
errors and can lead to misidentifications. PCR-based assays, in turn, can provide reliable results with
low turnaround times. However, only limited data are available on the performance of commercially
available assays for C. auris detection. In the present study, the two commercially available PCR
assays AurisID (OLM, Newcastle Upon Tyne, UK) and Fungiplex Candida Auris RUO Real-Time PCR
(Bruker, Bremen, Germany) were challenged with 29 C. auris isolates from all five clades and eight
other Candida species as controls. AurisID reliably detected C. auris with a limit of detection (LoD) of
1 genome copies/reaction. However, false positive results were obtained with high DNA amounts of
the closely related species C. haemulonii, C. duobushaemulonii and C. pseudohaemulonii. The Fungiplex
Candida Auris RUO Real-Time PCR kit detected C. auris with an LoD of 9 copies/reaction. No false
positive results were obtained with this assay. In addition, C. auris could also be detected in human
blood samples spiked with pure fungal cultures by both kits. In summary, both kits could detect C.
auris-DNA at low DNA concentrations but differed slightly in their limits of detection and specificity.

Keywords: qPCR; detection limits; sensitivity; strain specificity; commercial kits; Candida auris;
Fungiplex Candida Auris; AurisID

1. Introduction

Candida spp. are the most common causative agents of fungal infections in humans,
ranging from local skin colonisation to blood stream infections with high mortality rates [1].
Whereas the most common species C. albicans can usually be successfully treated with
antifungal agents, other species such as C. auris, C. glabrata, and C. krusei may be less
susceptible or resistant to antifungals including different azoles or amphotericin B [2–6].

C. auris was first reported in 2009 and infections are particularly challenging to treat [7].
Besides the limited therapeutic options, C. auris shows high transmission rates in nosoco-
mial environments [8] regularly leading to hospital outbreaks, possibly due to effective
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biofilm formation on biotic and abiotic surfaces [9]. These two characteristics—multidrug
resistance and effective transmission—underline the need for rapid and reliable detection
of C. auris in clinical samples.

Misidentification of pathogens in routine laboratories can have serious consequences
for medical treatment and outcome, especially in case of strain-specific virulence proper-
ties [10]. In particular, conventional microbiology techniques are prone to errors. C. auris
shows strong sequence homology to other Candida species like C. lusitaniae, C. haemulonii,
C. pseudohaemulonii etc. [11–13], which leads to high rates of misidentifications [14–16].
Biochemical identification of C. auris isolates by the commercial system API ID 32C
(Biomérieux) resulted in misidentification as C. sake or C. intermedia in 83% or 17% of
the samples tested, respectively [17]. Even with matrix-assisted laser desorption/ionisation
time-of-flight (MALDI-TOF) correct identification of C. auris was not achieved in all
cases [17], often due to incomplete databases [16,18]. Furthermore, both biochemical
and MALDI-TOF based identification require previous cultivation of the pathogen, which
may lead to delayed detection [19].

Molecular methods, in turn, could rapidly detect C. auris directly from clinical samples.
By sequence analysis and specific primer design, adequate detection and differentiation
of C. auris from other Candida species using PCR techniques has been achieved [20]. Nev-
ertheless, the establishment and validation of protocols using in house primers are time
consuming and require deep methodological knowledge. Therefore, several commercially
available and user-friendly qPCR kits for the detection of C. auris have been developed. So
far, data on the performance of these kits is scarce. In this work the performance of the kits
Fungiplex Candida Auris RUO Real-Time PCR kit (Bruker, Bremen, Germany) and AurisID
(OLM, Newcastle Upon Tyne, UK) was evaluated, using genomic DNA of 29 molecularly
characterized C. auris isolates from all five different clades as well as DNA from eight other
Candida species.

2. Material and Methods

The commercial qPCR kits AurisID (OLM, Newcastle Upon Tyne, UK) and Fungiplex
Candida auris RUO Real Time PCR (Bruker, Bremen, Germany; further referred to as
Fungiplex CaRT) were challenged with genomic DNA from pure cultures of 29 molecularly
characterized C. auris isolates [17,21,22] (Table S1). The challenge collection comprised
isolates of all five clades with the following distribution: clade I: 17, clade II: 2, clade
III: 5, clade IV: 4, clade V: 1. One isolate of each of the closely related Candida species
C. pseudohaemulonii, C. haemulonii and C. duobushaemulonii as well as two isolates each of
more distantly related Candida species (C. albicans, C. glabrata, C. tropicalis, C. krusei and
C. parapsilosis) were additionally tested to determine the specificity of the tests.

Isolates were cultured on CHROMagar Candida (Mast Group, Reinfeld, Germany) at
37 ◦C for 24 h. Subsequently, DNA was isolated using the DNeasy UltraClean Microbial
Kit (Qiagen, Hilden, Germany) according to the manufacturer’s instructions. A baseline
dilution of 10 ng DNA/µL was created for each sample, as determined by NanoDrop One
(Thermo Fisher Scientific, Waltham, MA, USA). Genome copies were calculated using the
formula copy number = (amount DNA [ng] * 6.022 × 1023)/(length [bp] * 1 × 109 * 650)
and a genome size of 12.1 Mb for C. auris [13].

To determine the specificity of the assays, DNA of the control samples was tested with
both kits at concentrations of 60 ng DNA/reaction (ca. 5 × 106 copies/reaction). In case of
false positive results, serial 10-fold dilutions were tested up to the dilution level at which
correct negative results were obtained in two out of two independent runs using DNA
originating from the same extraction.

To determine the limit of detection (LoD), serial 10-fold dilutions of DNA, starting
with ca. 5 × 106 genome copies/reaction were examined for all isolates. If two out of
two or two out of three independent runs showed positive results, the respective isolate
was counted as positive for the genome copy number of this dilution. Replicates were
run with DNA originating from the same extraction. The limit of detection was calculated
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as previously described by Forootan et al. [23]. Briefly, based on the number of positive
isolates at the respective copy number, a replicate standard curve was generated using
Prism 8.1 (GraphPad, San Diego, CA, USA) and the LoD threshold determined which gave
95% positive PCR results (Figure S1).

To assess the impact of human DNA on the tests, human blood was spiked with a
suspension of C. auris. Starting from a suspension equivalent to a 0.5 McFarland standard,
a 10-fold dilution series of this suspension was prepared up to a dilution of 1:104 and
added to human blood at a ratio of 1:10. Preliminary experiments showed that this equals
roughly concentrations from 10 to 100,000 colony forming units (CFU)/mL. Exact CFU/mL
concentration was determined by plating 100 µL of the spiked blood samples on Columbia
Blood Agar and Malt Extract Agar plates and counting the colonies after 48 h incubation
at 37 ◦C. DNA was extracted from 200 µL of the respective spiked blood samples plus
two pure blood samples using the QIAamp DNA Mini Kit (Qiagen). DNA was eluted in
200 µL buffer and used for qPCR runs without further dilution steps. All qPCR runs were
performed on an ABI7500 Real-Time PCR system (Applied Biosystems, Foster City, CA,
USA). Amplification protocols are shown in Table S2.

3. Results
3.1. Evaluation of Species Specificity

To assess specificity, both kits were challenged with high amounts of genomic DNA
(ca. 5 × 106 copies/reaction) extracted from five C. auris isolates of all five clades. Further-
more, three isolates of the closely related species C. haemulonii, C. duobushaemulonii and
C. pseudohaemulonii as well as 10 isolates of the more distantly related species C. albicans,
C. glabrata, C. krusei, C. parapsilosis and C. tropicalis were tested as controls.

All five C. auris samples were correctly identified as positive by both assays. While
no false-positive results were obtained with the Fungiplex CaRT kit and AurisID for
less related Candida species, samples of C. haemulonii, C. duobushaemulonii and C. pseudo-
haemulonii gave rise to false-positive results with AurisID. Serial dilutions of genomic DNA
were used to determine thresholds for false positivity. When a maximum of ca. 5 × 105

copies/reaction for C. haemulonii and C. pseudohaemulonii and ca. 5 × 104 copies/reaction
for C. duobushaemulonii were employed, no false-positive results were recorded (Table S3).

3.2. Determination of Detection Limits

To determine the detection limits of the assay, 29 C. auris isolates were tested in at least
two replicates using both kits (Figure 1). Whereas AurisID identified all strains as C. auris-
positive at DNA amounts of ca. 5 copies/reaction or lower, Fungiplex CaRT detected
all tested samples at amounts of ca. 50 copies/reaction and 72% of all isolates (21/29)
at 5 copies/reaction. At further dilutions equivalent to ca. 0.5 or 0.05 copies/reaction,
AurisID was positive in 69% (20/29) or 3% (1/29) of all samples, while no positive results
were obtained with Fungiplex CaRT. Based on these results the LoD was calculated as
1 copy/reaction for AurisID and 9 copies/reaction for Fungiplex CaRT (Figure S1).

To determine the impact of human DNA on C. auris detection, DNA extracted from
C. auris cultures of two isolates (381 and 382) and DNA from human blood were combined
at a ratio of 1:10. Serial dilutions of the DNA mixture were tested with the PCR assays.
The Fungiplex CaRT kit detected both isolates at amounts of ca. 50 copies/reaction and
the AurisID at ca. 5 copies/reaction (Table 1), indicating no significant inhibition effect of
human DNA on the assay.
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Figure 1. Detection rates of C. auris by AurisID and Fungiplex CaRT. The assays were challenged
with DNA of 29 C. auris isolates at various copy numbers.

Table 1. Performance of PCR assays on human blood. Threshold for PCR positivity for two isolates
using (a) spiked blood samples and (b) mixed DNA (C. auris cultures/blood).

Isolate (a) Viable CFU/Reaction for
C. auris-Spiked Blood Samples

(b) Copies/Reaction Determined
for Mixed DNA C. auris/Blood

AurisID Fungiplex CaRT AurisID Fungiplex CaRT

381 ~3 ~32 ~5 ~50

382 ~2 ~45 ~5 ~50

For further evaluation of the performance on clinical samples, human blood was
spiked with a dilution series of the same two C. auris isolates and DNA was extracted
directly from the spiked samples. C. auris could be detected by both kits in a dilution
dependent manner. Human DNA and blood components did not interfere with C. auris
detection. Comparable to assays from pure C. auris cultures, detection limits for the two
spiked blood samples were around 10-fold higher for Fungiplex CaRT compared to AurisID
(ca. 32/45 CFU/reaction for Fungiplex CaRT and 3/2 CFU/reaction for AurisID) (Table 1).
Furthermore, pure blood samples did not lead to false-positive results or inhibition of the
PCR assays.

3.3. Impact of C. auris Clade on Performance

Since C. auris clades could impact detection by PCR, obtained data was additionally
analysed after stratification by clades (Table S4).

Interestingly, at ca. 5 copies/reaction 82% (14/17) of the samples of clade I were tested
positive with Fungiplex CaRT compared to 25% (1/4) of the samples in clade IV. However,
this difference did not reach statistical significance (p = 0.0526 by Fisher’s exact test). No
correlation between clade and detection limit was observed at any other concentration for
both assays (Table S4).

4. Discussion

To the best of our knowledge, this is the first systematic evaluation of two commer-
cially available PCR based kits for C. auris detection, the AurisID and Fungiplex CaRT.
AurisID demonstrated higher sensitivity with a LoD of 1 copy/reaction compared to
9 copies/reaction for Fungiplex CaRT. At very high amounts of ca. 5 × 106 copies/reaction
or 5 × 105 copies/reaction, AurisID gave rise to false-positive results for closely related
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Candida species, in contrast to Fungiplex CaRT. Likely, this is of little diagnostic relevance
as clinical specimen contain much lower amounts of C. auris DNA compared to purified
DNA from colonies.

When analysing spiked blood samples, a similar difference in the detection limit of
the two kits was observed. The results obtained with these commercially available kits
show good sensitivity as described in previous studies with in house assays using Taq-Man
chemistry-based PCR [24]. The authors determined a detection limit of 1 CFU/reaction.
High sensitivity was also proven for the commercial kit GPSTM MONODOSE CanAur
dtec-qPCR kit (Alicante, Spain), which yielded positive results for samples with 5 to 10
copies of the DNA template [25]. In the present study, LoDs of 1 copy/reaction (AurisID)
and 9 copies/reaction (Fungiplex CaRT) were recorded and 2/3 CFU/reaction (AurisID)
and 32/45 CFU/reaction (Fungiplex CaRT) in the spiked blood experiments. However,
a comparison of the data to the aforementioned studies is difficult given the varying
efficiency of DNA extraction and a different experimental setup.

The commercially available kits assessed in the present study may reduce hands-on-
time even for inexperienced users due to easy-to-follow protocols. In addition, commer-
cially available assays allow high reproducibility and consistency [25].

AurisID provided false-positive results for closely related Candida species when high
DNA concentrations of ca. 5 × 106 and 5 × 105 copies/reaction were used. It should be
noted that the recommended cycling protocol had to be changed because the ramp rates
of the ABI platform used were not sufficiently high. Therefore, the annealing/synthesis
step was extended from 20 to 30 s, which could have increased unspecific primer binding.
Therefore, the assay was additionally run on the Rotor-Gene Q cycler (Qiagen, Hilden,
Germany), which could be operated with the recommended protocol. However, false-
positive results were obtained for the same samples and with the same DNA concentrations
as with the ABI platform. Therefore, false-positive results are likely caused by less specific
oligonucleotide binding of the AurisID assay. While exact primer and probe sequences
have not been disclosed by the manufacturers, both kits have different target regions, with
the 28S ribosomal gene region for AurisID and the mating locus alpha for Fungiplex CaRT.
Since 28S is a multicopy target, it might explain the lower LoD of 1 copy/reaction. In
contrast, the copy number of the exact mating locus alpha target used for Fungiplex CaRT
is not known.

In previous studies it was shown that identification success by biochemical methods
may depend on the specific clade analysed [26]. In contrast, we did not observe any
significant clade-specific difference in performance with these two molecular assays. A
numerically higher detection of clade I compared to clade IV by Fungiplex CaRT was noted
at ca. 5 copies/reaction which should be analysed with a larger number of samples in
future studies. However, for some clades, particularly clade II and V, only small numbers
of samples were included in this study so that no definite conclusions can be drawn.

Some aspects that could potentially affect the final results have not been considered
in our evaluation. For comparison reasons, both assays were challenged with the same
amount of DNA and a higher sensitivity was recorded for AurisID. However, it has to be
noted that higher template volumes (10 µL instead of 6 µL) can be used for the Fungiplex
CaRT assay, which will likely improve detection when working with clinical samples. In the
present study, DNA extracted mainly from pure cultures was used. However, various spec-
imen in diagnostic routine may contain microbiota, host cells or other substances, which
could possibly impact the results. Since the prevalence of C. auris infection or colonization
is very low in Germany, DNA from cultured isolates instead of clinical specimen had to be
used for this evaluation. Successful detection of C. auris from spiked blood samples and
from mixed DNA extracted from C. auris and human blood indicated that both assays work
well in the presence of human DNA and likely for other clinical samples. However, future
studies are needed to validate the performance of both assays directly on various clinical
specimen and their usefulness in the hospital setting. In addition, DNA extraction methods
differ in terms of efficacy as well as stability of the extracted nucleic acids and therefore
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also may influence the overall performance. Furthermore, DNA extraction kits used in
diagnostic laboratories are usually optimized for isolation of bacterial or viral DNA. Fungal
cells have a thicker cell wall and may therefore require different lysis strategies [27]. Before
using any C. auris PCR kits on clinical samples, laboratories should assess the performance
of their DNA extraction kit for clinical mycological samples.

In summary, based on our results, AurisID and Fungiplex CaRT are suitable for
identification of C. auris even at low DNA concentrations. AurisID showed a higher
sensitivity for C. auris detection and Fungiplex CaRT a higher specificity. Both assays have
easy-to-follow protocols, thus facilitating reliable diagnostics of C. auris infections.

Supplementary Materials: The following are available online at https://www.mdpi.com/2309-608
X/7/2/154/s1, Figure S1: Determination of the limit of detection for (A) AurisID and (B) Fungiplex
CaRT. The LoD was calculated as the threshold which resulted in 95% positive samples, Table S1:
C. auris isolates used in this study. BSI, blood stream infection, Table S2: qPCR protocols applied
for the different kits, Table S3: Thresholds for false-positive results. Both kits were challenged with
serial dilutions of DNA extracted from eight negative controls, Table S4: PCR positivity in relation to
C. auris clade. Shown is the number of correctly identified isolates from each clade at the respective
copy number.
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