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Abstract 
Rationale Candidozyma auris (formerly Candida 
auris) is a globally emerging potentially multi-drug 
resistant human pathogenic yeast. To detect C. auris 
we aimed to compare different culture-, and molecu-
lar-based methods.
Methods Rectal swabs routinely collected in clini-
cal care were spiked with different concentrations of 
C. auris. Co-infection/colonization was mimicked by 
spiking part of these samples with other pathogenic 
Candida species. Spiked materials were cultured at 

37 or 42 °C using CHROMagar Candida and CHRO-
Magar Candida Plus plates. In parallel, samples were 
incubated in a dulcitol salt enrichment broth. Addi-
tionally, we compared seven in-house and commer-
cial molecular tests on the direct material and from 
the broth one day after inoculation.
Results Culture-based methods showed sensitivities 
up to 100% within 48 h of incubation, although sen-
sitivity decreased as low as 44% at lower concentra-
tions (≤ 50 CFU per inoculum), in the presence of an 
abundance of other species and at higher temperature 
(42 °C). Incubation at 42 °C made visual identifica-
tion possible since other species with similar colony 
morphologies did not grow at this temperature. No 
added value of using the dulcitol salt enrichment 
broth was found. qPCR on direct materials was highly 
sensitive and specific (both up to 100%) but major 
differences between various molecular tests were 
observed.
Conclusion We showed that both culture-based and 
molecular methods are sensitive for diagnosing C. 
auris. The clinical setting (routine screening versus 
an outbreak), local prevalence and the load in those 
that carry or are infected by C. auris are important 
factors to consider when determining which diagnos-
tic tests should be employed.
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Introduction

The yeast Candidozyma auris (formerly Candida 
auris, taxonomically reassigned to the genus Candi-
dozyma together with other members of the Candida 
haemuli clade [1]), is emerging worldwide and has 
received a critical priority listing by the World Health 
Organization [2]. C. auris is primarily responsible for 
healthcare associated infections in those who are crit-
ically ill or those with underlying medical conditions 
such as immunocompromised patients. This patho-
gen provides a challenge for the healthcare settings 
because of potential of increased antifungal resistance 
and the prolonged colonization in both patients and 
on fomites which can ease transmission and result 
in persistence despite the use of standard healthcare 
disinfectants [2, 3]. It is therefore important to imple-
ment surveillance to accomplish adequate infection 
prevention measures and limit the spread of this path-
ogen. Different diagnostic methods have been evalu-
ated for the isolation and identification of C. auris, 
each with its own strengths and limitations. C. auris 
will grow on standard media but might be overgrown 
by other microorganisms for which chromogenic cul-
ture media can be used to aid in visual identification 
[4–6]. Another method to recover C. auris is by using 
a selective enrichment broth such as those with high 
salinity and dulcitol as a carbon source [3, 6]. Molec-
ular methods can also be used for quick identifica-
tion of C. auris. These include various commercial 
and in-house developed qPCRs as well as sequencing 
of ribosomal DNA genes (ITS and D1/D2). These 
methods are accurate, relatively quick as compared 
to culture methods, but are expensive and could rep-
resent “dead” yeasts [7, 8]. Matrix-assisted laser des-
orption/ionization—time of flight mass spectrometry 
(MALDI-TOF MS) identifies C. auris accurately and 
is cheap but is dependent on culture growth [8]. The 
aim of the current study is to compare the different 
diagnostic methods for the identification of C. auris 
in order to identify a valid screening method to estab-
lish a C. auris diagnostic workflow.

Methods

In this study we compared ten diagnostic testing 
methods using clinical materials spiked with C. auris 
from the five currently known circulating clades. We 

compared seven molecular tests and three culture-
based methods including the CHROMagar Candida 
(CC, CHROMagar, Paris, France) and CHROMagar 
Candida Plus (CCP, CHROMagar) incubated at 37 
and 42 °C. In parallel, we inoculated a 2.5 ml dulcitol 
10% NaCl enrichment broth [3]. This broth combines 
a high salinity and alternative carbon source (dulcitol) 
to selectively grow C. auris.

Strains

In order to spike the clinical materials we used nine 
C. auris strains, two strains per clade, representing 
the four clades that are specific to each geographic 
region and one strain representing the fifth clade [4]. 
Strains came from reputable international culture col-
lections, including the ‘Centraalbureau voor Schim-
melcultures’ (CBS) yeast collection hosted at the 
Westerdijk Fungal Biodiversity Institute (Utrecht, The 
Netherlands). We additionally used two mixtures of 
other Candida species to mimic coinfection/coloniza-
tion and to test the sensitivity and specificity of the 
diagnostic methods. The ‘genetic’ mixture included 
the following Candida species, closely related to C. 
auris: Candidozyma haemuli, Candidozyma pseu-
dohaemuli, Candidozyma duobushaemuli, Candi-
dozyma khanbhai and Candidozyma vulturna (all 
formerly Candida species). The ‘common’ mixture, 
included frequently identified Candida species in 
clinical materials: Candida albicans, Candida parap-
silosis, Candida tropicalis, Nakaseomyces glabratus 
(formerly Candida glabrata) and Pichia kudriavzevii 
(formerly Candida krusei). The list of strains used 
can be found in the Supplemental Table S1.

Sample Preparation

Rectal swabs were collected from ICU patients and 
patients with hematologic malignancies who were 
routinely screened for carriage of yeasts and Gram-
negative bacteria using eSwabs (Copan Diagnostics, 
Murrieta, CA, U.S.A.). We selected samples that 
were negative for both these entities. The eSwab 
medium was spiked at different concentrations using 
the Cellometer cell counter (Nexcelom Bioscience, 
Lawrence, MA, U.S.A.) to standardize concentra-
tions. Before spiking, strains were sub-cultured for 
fresh growth on yeast peptone glucose agar at 35 °C.
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To test the sensitivity, we spiked swabs only with 
C. auris in concentrations of 10  CFU (n = 9) and 
100 CFU (n = 9) per standard inoculum (50 µl). Sec-
ondly, we spiked swabs with C. auris in concentra-
tions of 50 CFU (n = 9) and 150 CFU (n = 9) per inoc-
ulum and subsequently added the mixtures of other 
Candida species (in concentrations of 50  CFU per 
species per inoculum). For validation of the specific-
ity of the qPCRs we included two samples that were 
only spiked with either of the mixtures of other Can-
dida strains (in concentration of 50 CFU per species 
per inoculum) and lastly included a negative control 
(only eSwab medium). This resulted in 18 samples 
with only C. auris, 18 samples with C. auris and 
other Candida species, one sample with the ‘genetic’ 
mixture, one sample with the ‘common’ mixture and 
one negative control.

Study Procedures

The study procedures are visualized in Fig.  1. After 
the rectal swabs were spiked and vortexed, 500μL of 
the directly spiked sample was collected for molecular 
testing. Each sample was streaked on both the regu-
lar CHROMagar Candida (CC), and the CHROMagar 
Candida Plus (CCP) plates using an inoculum of 50 µl. 
Plates were prepared from the dry powder as per the 
manufacturer’s instructions and equilibrated to room 
temperature in the dark before use. Plates were incu-
bated at either 37 or 42  °C for 48 h before recording 
their physical appearance. Visual identification of C. 
auris suspected growth was determined and confirmed 
using MALDI-TOF MS (Bruker, Bremen, Germany). 
The 10% NaCl dulcitol broth was in-house prepared 
according to previous literature [3] inoculated using 
50 µl of the spiked sample and was incubated for four 
days at 40  °C. After day one we collected 500μL of 
broth for qPCR. The broth was inspected on a daily 

Fig. 1  Schematic overview of study procedures
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basis for four days for visual growth. Upon visual 
growth, Sabouraud dextrose agar plates were inocu-
lated using 50 µl of the broth medium and an additional 
500 μl of medium was collected for molecular testing. 
Nucleic acids purification was performed for all molec-
ular assays from the 500 μL of swab medium using the 
MagNA Pure 96 in combination with the MagNA Pure 
96 DNA and Viral Nucleic Acid Small Volume Kit (all 
from Roche Diagnostics, Almere, The Netherlands).

For molecular testing, we compared seven different 
qPCRs including three commercially developed; the 
AurisID (OLM Diagnostics, Braintree, United King-
dom) [9], the C. auris AltoStar (Altona Diagnostics, 
Hamburg, Germany) and the C. auris screening assay 
(Pathonostics, Maastricht, The Netherlands). All com-
mercial qPCRs were performed as per the manufac-
turer’s instructions. We also compared four in-house 
developed qPCRs. This included the qPCR assays by 
Leach et al. (2018, [10]), Leonhard et al. (2024, [11]), 
and the duplex qPCR assay that targets with one prim-
ers/probe set the 15 species in the C. haemuli species 
complex [12] and the C. auris IDCARD [12] both 
developed within the Westerdijk Fungal Biodiversity 
Institute, Utrecht, The Netherlands. Detailed informa-
tion about the qPCRs can be found in Supplemental 
Table S2. All in-house developed tests were performed 
in volumes of 20 µl containing 10 µl 2X SensiFast No-
ROX (Meridian Bioscience, Memphis, TE, U.S.A.), 
final concentrations of 500  nM of each primer and 
200  nM of each probe (all obtained from IDT, San 
Diego, CA, U.S.A.) in a volume of 2, and 8 µl sample. 
All qPCRs were performed on the LC480-II platform 
of Roche using the settings provided by the manufac-
tures. For the in-house assays the 3-dye filter setting 
was used (FAM-HEX-Cy5) with the program 10 min 
95 °C, 45 cycli 1 s 95 °C, 12 s 60 °C (followed by fluo-
rescence measurement), and a 30 s 40 °C step to cool 
down the plate.

Statistical Analysis

We calculated the analytical sensitivity and specificity 
of the culture and molecular methods in an experimen-
tal setting. We determined the accuracy of the molecu-
lar results in which accuracy (%) = (true positive + true 
negative)*100 / total. Estimates and 95% confidence 
intervals for analytical test performance were calculated 
using Clopper-Pearson (Exact) method using the epiR 
package [13]. Data were analyzed in R version 4.0.3.

Results

Culture Analysis

In samples spiked only with C. auris, we observed 
visible growth after 48 h incubation in 29/36 (81%) of 
CHROMagar Candida (CC) and 30/36 (83%) of the 
CHROMagar Candida Plus (CCP) plates (Table  1). 
All plates without visible growth were inoculated 
with a low concentration of C. auris (10  CFU per 
50  µl). We did not observe an effect of temperature 
on growth. The plates that were inoculated with a 
concentration of 100 CFU all grew C. auris at both 
37 and 42 °C (100% sensitivity). Colony morphology 
was as expected with cream-pinkish colonies without 
a halo on the CC agar, and cream-white to cream-
pink colonies with a blue-green halo on the CCP agar 
(Fig. 2).

Next we evaluated samples spiked with C. auris 
and either one of the two mixtures of other Candida 
species. After 48 h incubation at 37 °C we observed 
growth of C. auris-suspected colonies in 94% (17/18) 
of CC plates and 100% (18/18) of the CCP plates. 
Definitive visual identification of C. auris was dif-
ficult due to similarities with the other ‘genetic mix-
ture’ strains (Fig. 3). Despite that colonies of C. auris 
were larger, the distinctive blue-green aura was also 
produced by C. khanbhai.

At 42 °C, we observed only growth from C. auris, 
C. albicans and P. kudriavzevii which made visual 
identification possible based on distinct morphology 
of the common species (Fig. 4). Growth of C. auris 
incubated at 42 °C in mixed samples was observed in 
66% (12/18) of the CC plates and 72% (13/18) of the 
CCP plates. When C. auris was present in abundance 

Table 1  Sensitivity of the CHROMagar plates in samples 
spiked only with C. auris 

Growth on CHRO-
Magar Candida (CC)

Growth on CHRO-
Magar Candida Plus 
(CCP)

Inoculum 
(CFU / 
50 µl)

37 °C 42 °C 37 °C 42 °C

10 67% (6/9) 56% (5/9) 67% (6/9) 67% (6/9)
100 100% (9/9) 100% (9/9) 100% (9/9) 100% (9/9)
Total 83% 

(15/18)
78% 

(14/18)
83% 

(15/18)
83% 

(15/18)
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Fig. 2  Colony morphology of C. auris after 48 h of incubation 
at 37 °C and 42°CCC = CHROMagar Candida. CCP = CHRO-
Magar Candida Plus. The temperature refers to the incubation 
temperature. (1) CDC-AR0387 and (2) CDC-AR0388 (clade I, 

South-Asia); (3) CDC-AR0381 and (4) CDC-AR0382 (clade 
II, East-Asia; India); (5) CDC-AR0383 and (6) CDC-AR0384 
(clade III, Africa); (7) CDC-AR0385 and (8) CDC-AR0386 
(clade IV, South-America); (9) CDC-AR1097 (clade V, Iran)
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to other species (inoculum of 150  CFU versus 
50 CFU for the other species), growth was observed 
in 89% (8/9) in both the CC and CCP agar. When C. 
auris was present in equal amounts as the other spe-
cies (all with an inoculum of 50 CFU), only 44% (4/9, 
CC) and 56% (5/9, CCP) showed visible growth.

None of the inoculated dulcitol broths showed 
visible growth for four days. Consequently, only 

the sample for qPCR testing was collected after 
one day of incubation.

Molecular Analysis

Aliquots for molecular analysis were collected from 
direct materials after spiking and from the broth after 
one day of incubation. Results are shown in Table 2. 
The best performing qPCRs were the in-house qPCR 
by Leonhard [11] and the commercial AltoStar 
(Altona) which showed a 100% sensitivity and 100% 
specificity. The AltoStar’s qualitative results were 
similar although 13 samples had a Ct value of 40 in 
contrast to only one sample by the qPCR of Leonhard 
et al. The qPCR by Leach and colleagues showed two 
false positive results (one in the truly negative control 
and one in the negative control with only the genetic 
Candida mixture). The qPCR by PathoNostics had 
the lowest sensitivity with seven false negative 
results in samples with a C. auris load of ≤ 50 CFU 
per 50  µl. All molecular tests detected higher loads 
(lower Ct values) for increasing concentrations of C. 
auris (Table  3). Samples collected from the enrich-
ment broth after one day of incubation did not yield 
additional detection and even showed higher Ct val-
ues as compared to samples from the direct materials 
(Table S3).

Discussion

In this study we compared different culture-based, 
and molecular-based methods to identify C. auris 
in mock-inoculated rectal specimens. Sensitivity of 
qPCR on direct material ranged from 81 to 100%. 
Sensitivity of culture on CHROMagar Candida (CC)/
Candida Plus (CCP) ranged from 44 to 100% and was 
compromised by low inoculum, the presence of other 
Candida species and/or higher temperature. Visual 
identification was possible, and most feasible at a 
temperature of 42  °C on both CC and CCP. We did 
not observe an added value of using the dulcitol salt 
enrichment broth.

In accordance to previous studies, visual differ-
entiation was possible after two days using the CCP 
plates due to the distinct halo formation [4, 14]. Early 
growth however may lack the characteristic pigment/
halo production [15]. We observed that C. khanb-
hai produced a similar phenotype including the halo 

Fig. 3  Colony morphology of “genetic mixture” with C. auris 
after 48  h of incubation at 37  °C. 1. Candidozyma auris, 2. 
Candidozyma khanbhai 3. Candidozyma pseudohaemuli, NRI 
no reliable identification (potentially Candidozyma vulturna)
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Fig. 4  Colony morphology of the “common mixture” after 
48 h incubation at 37 °C and 42 °C. CC = CHROMagar Can-
dida. CCP = CHROMagar Candida Plus. The temperature 

refers to the incubation temperature. 1. C. albicans; 2. N. 
glabratus; 3. C. tropicalis; 4. Pichia kudriavzevii (C. krusei); 
5. C. parapsilosis 
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although the colonies were smaller compared to C. 
auris. We could not identify C. haemuli, C. vulturna 
and C. duobushaemuli from culture despite that they 
were included in the sample. Bentz and colleagues [5] 
showed diminished growth for several Candida spe-
cies in co-culture including C. haemuli even at 37 °C. 
C. vulturna is not included in the MALDI-TOF MS 
database in contrast to C. haemuli and C. duobushae-
muli. C. vulturna can also present as a cream-white 
colony with a blue halo which might have been the 
colonies without reliable identification from Fig.  3. 
C. haemuli and C. duobushaemuli have different mor-
phologies since they do not produce a halo on the 
CCP agar, but are indistinguishable to C. auris on 
regular CC agar [4]. Since most co-colonization may 
include common Candida species and not include 
other Candida species from the C. haemuli complex 

[16], reliable (visual) identification after 48 h is likely 
possible in a clinical setting on both CC and CCP. 
Colonies suspected for C. auris can subsequently be 
identified by MALDI-TOF MS. Incubation at higher 
temperature of 42  °C caused selective growth of C. 
auris, C. albicans and Pichia kudriavzevii. These spe-
cies have very distinct morphologies making visual 
identification feasible. Not all samples of C. auris 
mixed with other Candida species showed growth at 
42 °C (both with the common and genetic mixture). 
Interactions between the various species might inter-
fere with growth which has been shown for C. albi-
cans co-cultured with N. glabratus [17] and C. dub-
liniensis [18]. An alternative explanation could have 
been random sampling variation from the original 
spiked solution which might have resulted in an inoc-
ulum with insufficient viable cells to assure growth. 

Table 2  Molecular analysis on direct materials

TP = true positive. FP = false positive. TN = true negative. FN = False negative. * Accuracy (%) = (true positive + true negative)*100/
total. ** This was not actually a false positive result since this ‘negative’ sample had no C. auris but did include the genetic mixture 
which should have been positive since this qPCR detects the C. haemuli complex

qPCR assay Sensitivity
(95% CI)

Specificity
(95% CI)

Accuracy*
(95% CI)

TP FP TN FN

AurisID
(OLM)

83% (67–94) 100% (29–100) 85% (69–94) 30 0 3 6

AltoStar
(Altona)

100% (90–100) 100% (29–100) 100% (91–100) 36 0 3 0

C. auris screening assay 
(PathoNostics)

81% (64–92) 100% (29–100) 82% (66–92) 29 0 3 7

Leonhard et al. qPCR 100% (90–100) 100% (29–100) 100% (91–100) 36 0 3 0
Leach et al. qPCR 94% (81–99) 33% (1–91%) 90% (76–97) 34 2 1 2
C. auris IDCARD 92% (78–98) 100% (29–100) 92% (79–98) 33 0 3 3
C. haemuli complex qPCR 92% (78–98) 67% (9–99) 90% (76–97) 33 1** 2 3

Table 3  Ct values for the samples with different concentrations CFU of C. auris 

PCR 10 CFU
Mean (range)

50 CFU + mix
Mean (range)

100 CFU
Mean (range)

150 CFU + mix
Mean (range)

AurisID (OLM)  32.4 (30.9–33.6) 33.7 (32.5–35.6) 30.5 (29.0–32.7) 29.8 (28.6–31.8)
AltoStar (Altona) 39.5 (37.8–40.0) 39.6 (38.0–40.0) 36.6 (34.6–40) 36.3 (34.9–37.9)
C. auris screening assay (Patho-

Nostics)
37.5 (34.5–40.0) 37.9 (34.9–40.0) 35.8 (33.0–38.0) 34.2 (32.8–36.2)

Leonhard et al. qPCR 37.1 (36.5–39.1) 38.1 (37.0–40.0) 34.7 (33.6–37.7) 34.4 (33.4–35.9)
Leach et al. qPCR 36.5 (35.2–38.1) 37.6 (34.9–40.0) 33.7 (32.9–35.5) 33.4 (32.5–35.1)
C. auris IDCARD 37.4 (35.6–38.9) 37.8 (36.3–39.4) 34.2 (32.8–35.3) 33.8 (32.5–35.1)
C. haemuli complex qPCR 37.7 (36.2–40.0) 33.2 (31.9–36.3) 34.2 (33.0–35.1) 31.5 (31.0–31.9)
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Another factor to consider is the fungal load. We 
observed a decreased sensitivity in our lowest inocu-
lum group (10 CFU). One might speculate that such 
a low inoculum is uncommon and perhaps less rel-
evant for clinical transmission. It appears from the 
study by Zhu and colleagues from a large outbreak 
in the U.S.A. that patients colonized with C. auris 
harbored large numbers of live cells on skin (axilla/
groin, median  104  CFU/swab) and mucosal surfaces 
(nares, median  106 CFU/swab) [19]. The vast major-
ity of their samples included colonization of at least 
100 CFU/swab which might favor incubation at 42 °C 
since it will likely provide sufficient growth and aid 
the identification process [19]. The knowledge of a 
positive qPCR prior to culture can facilitate subse-
quent isolation by laboratory personnel.

In contrast to other studies we did not find an addi-
tive value of dulcitol salt enrichment broth [3, 5, 6]. 
The study by Bentz and colleagues [5] showed 40% 
reduction in sensitivity in direct culture versus a pri-
mary step of using an enrichment broth. However, 
this benefit might have been caused by an extended 
time between sample collection and plating of up to 
28 days which is not realistic in routine clinical prac-
tice. The lack of visible growth in our study could be 
due to the low volume of the inoculum (50  µl) in a 
large volume of broth (2.5  ml). Nevertheless, we 
would have expected visible growth after four days 
in the groups with a high concentration of C. auris 
which we did not observe.

The strength of this study is that we used clinical 
materials representative of those collected in clini-
cal care. We spiked these materials using a counting 
chamber to standardize concentrations of C. auris 
and other genetically-related, and common Candida 
species to mimic various scenarios that could impact 
diagnostic testing. For validation of the diagnostic 
method we used all circulating C. auris strains from 
the five known clades. We tested incubation at differ-
ent temperatures which is an important parameter that 
could affect specificity of culture-based growth.

This study also has limitations. First, we lacked to 
include other types of clinical samples (groin, axilla) 
which are also recommended in screening for C. auris 
[20]. Rectal swab material causes most problems in 
terms of inhibitory factors that might complicate molec-
ular analysis as compared to other common sample 

types. Other locations such as the groin or axilla might 
have a higher incidence of other Candida species. By 
using mixtures of other Candida species we mimicked 
this co-colonization. The high molecular sensitivity and 
specificity found in our study is therefore reassuring. 
Secondly, we did not validate these methods in a clini-
cal setting. This would have helped to determine sensi-
tivity and specificity in colonized/infected patients and 
would have provided more clinical guidance in deter-
mining screening strategies. This was performed by two 
recent studies in Germany, 2017–2022 [21] and in the 
Netherlands, 2023 [11]. Both studies included patients 
that were screened because of a recent history of hos-
pital admission abroad. C. auris was not detected by 
Heindel and colleagues who only used culture (CHRO-
Magar, CC) for screening [21]. The study by Leonhard 
and colleagues did find seven cases of C. auris using 
the combined diagnostic approach of in-house qPCR 
followed by culture when qPCR was positive (CHRO-
Magar, type unspecified) [11]. Only 1/7 qPCR positive 
cases were also culture positive which could reflect an 
increased sensitivity of qPCR, or could indicate the 
presence of non-viable DNA and/or low level of colo-
nization. This is clinically relevant since the degree 
of colonization might impact the risk of transmission 
as shown by Sansom and colleagues who observed a 
positive correlation between C. auris environmental 
contamination and the number of colonized body sites 
[20]. Third, we did not assess inter-operator repeatabil-
ity because no triplicate testing was performed. This 
could have diminished the possibility of sampling error 
in samples with a low inoculum.

There is ongoing debate on how to implement 
screening and who should be screened in the Dutch 
low prevalence setting. From a laboratory-based per-
spective, Komorowski and colleagues [15] noted it 
is more cost-effective to screen only by culture but 
this study on cost-effectiveness did not take precau-
tion equipment and isolation costs into account. The 
use of qPCR as a quick and reliable screening method 
prior to culture to detect C. auris carriage/infection 
limits isolation time and precautions. It depends on 
the local prevalence and setting (outbreak versus rou-
tine screening) whether this strategy is cost-effective. 
Cost-effectiveness studies in the clinical setting using 
a qPCR-based versus a culture-based approach are 
needed.
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Conclusion

Based on our results in mock-inoculated rectal speci-
mens, the qPCR developed by Leonhard and col-
leagues [11] is the most reliable screening method to 
detect C. auris in lower inocula. Culture using CC and 
CCP plates is sensitive with inocula of ≥ 100  CFU/
ml, but to increase specificity, the use of CCP agar 
and/or incubation at higher temperature is required. 
Future studies in the setting of routine screening 
should still compare qPCR combined with culture at 
37 and 42 °C as the level of carriage remains elusive. 
Furthermore, the transmission risk should be assessed 
in patients that are only qPCR positive to establish 
whether a decreased sensitivity at 42  °C for a low 
inoculum is clinically relevant.
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