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The emerging multidrug-resistant pathogenic yeast Candida auris represents a serious threat to global health. Unlike most other Candida species, this organism appears to be commonly transmitted within health care facilities and causes
health care-associated outbreaks. To better understand the epidemiology of this
emerging pathogen, we investigated the ability of C. auris to persist on plastic surfaces common in health care settings compared with that of Candida parapsilosis, a
species known to colonize the skin and plastics. Speciﬁcally, we compiled comparative and quantitative data essential to understanding the vehicles of spread and the
ability of both species to survive and persist on plastic surfaces under controlled
conditions (25°C and 57% relative humidity), such as those found in health care settings. When a test suspension of 104 cells was applied and dried on plastic surfaces,
C. auris remained viable for at least 14 days and C. parapsilosis for at least 28 days,
as measured by CFU. However, survival measured by esterase activity was higher for
C. auris than C. parapsilosis throughout the 28-day study. Given the notable length
of time Candida species survive and persist outside their host, we developed methods to more effectively culture C. auris from patients and their environment. Using
our enrichment protocol, public health laboratories and researchers can now readily
isolate C. auris from complex microbial communities (such as patient skin, nasopharynx, and stool) as well as environmental bioﬁlms, in order to better understand and
prevent C. auris colonization and transmission.
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I

nvasive candidiasis, severe fungal infection caused by yeast in the genus Candida, is
an increasing risk in health care settings that affects the most vulnerable of patients,
e.g., those in critical condition or with compromised immune systems such as cancer
patients, premature infants, and the elderly. The emerging multidrug-resistant yeast
Candida auris was ﬁrst identiﬁed and described in a clinical culture from an external ear
canal (1). Subsequently, molecular techniques were used to identify a 1996 bloodstream isolate recovered from Chonnam National University Hospital in South Korea as
the earliest C. auris case (2). C. auris infections have been reported in over 15 countries,
causing outbreaks in health care facilities (3, 4). Hospital outbreaks of Candida were
previously considered uncommon, but outbreaks of C. auris have been reported in
Colombia (5), Venezuela (6), Israel (7), and the United Kingdom (8). New phylogenetic
analysis of 47 whole-genome sequenced (WGS) patient isolates collected from South
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Asia (India/Pakistan), Africa, South America, and East Asia (Korea/Japan) show four
highly clonal phylogenetic and geographically distinct clades that have emerged
independently of one another (9).
There is growing evidence that C. auris has the ability to persistently colonize
hospital environments (3, 8), with the propensity for transmission in health care settings
(3, 9–11). Although poorly deﬁned for C. auris, environmental survival and persistence
properties have been documented for Candida parapsilosis, another colonizer of human
skin, which is one of the most common causes of invasive candidiasis (12). Similarly to
C. auris, C. parapsilosis has been documented in nosocomial infections from environmental sources (13) and is also known to survive for weeks on plastics, fabrics, and
nonporous surfaces (14, 15). Furthermore, infections with C. parapsilosis have increased
in prevalence over the past 2 decades in neonatal and intensive care units, where
patients are at the highest risk for infection (16, 17). The modes and mechanisms of
survival and transmission of C. parapsilosis in hospitals can occur via horizontal transfer
through medical devices or other external sources, even without prior colonization (12),
and may be similar to those of C. auris (6), making C. parapsilosis an excellent model for
comparison with C. auris.
Some strains of C. auris can be resistant to multiple antifungal classes, severely
limiting treatment options and making infection prevention guided by rapid detection
in health care settings essential. To better understand the epidemiology of this emerging pathogen and to facilitate development of infection control measures, we investigated the ability of C. auris to persist on a textured plastic surface and compared the
survival and persistence rates of C. auris on surfaces with those of C. parapsilosis. Patient
and environmental specimens often contain a complex community of microorganisms.
We set out to develop and validate an enrichment broth procedure that will allow
researchers to collect samples from a wide variety of environments and rapidly isolate
C. auris for investigation of the modes of transmission in health care facilities and halt
further spread. Enrichment for C. auris reduces the chances of false negatives, and aids
in isolation of C. auris from the background microbial community. Isolation is necessary
to obtain accurate species identiﬁcation and to perform phylogenetic analysis to assess
possible transmission. Here we evaluated two enrichment broths for C. auris using a
broad panel of Candida isolates, screening each for their ability to grow at elevated
temperature and salinity in order to establish a method which could be used in
combination with direct plating to aid in its isolation.
RESULTS
Multidrug-resistant yeast Candida auris can survive for at least 2 weeks on
plastic surfaces. C. auris and C. parapsilosis remained viable for at least 14 and 28 days,
respectively, as measured by colony counts (Fig. 1). Interestingly, the esterase activity
assay that scans individual cells for viability demonstrated that C. auris cells were viable
on surfaces 2 weeks beyond what was detected by culture (Fig. 2), indicating that the
cells entered a viable but nonculturable state. Culturable C. parapsilosis cells were
recovered at signiﬁcantly higher numbers for all time points other than time zero (Fig.
1). Conversely, there were signiﬁcantly more viable C. auris cells detected than C.
parapsilosis at all time points when measured by esterase activity (Fig. 2 and Table S1
in the supplemental data).
The initial Candida inocula deposited on the plastic coupons dried within 30 min.
The transfer and processing of plastic coupons did not reduce the viability of the initial
inocula. No signiﬁcant differences were observed in the number of viable cells recovered from the inocula versus the plastic coupons at T0, and no signiﬁcant differences
were observed between the inocula of C. auris and C. parapsilosis at T0 (P ⫽ 0.71; Table
S1). Live and chemically ﬁxed formalin-killed cells were analyzed for survival using the
esterase activity assay for validation. Less than 0.006% of the chemically killed cells
were detected by the ScanRDI, indicating that the assay was fairly speciﬁc to live viable
cells (Fig. S1). It is also possible that this small subset of cells were mislabeled or not
inactivated by the formalin.
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FIG 1 The log transformed recovery of viable C. auris (blue) and C. parapsilosis (gray) at each time point as determined by culture. The middle bar within each
box represents the median; the top and bottom of the box represent the 75th and 25th quartiles, respectively, and dark circles represent outliers. A single
asterisk indicates P ⬍ 0.05 and double asterisk indicates P ⬍ 0.001 between C. auris and C. parapsilosis for each time point.

Enrichment broth procedure growth results using a broad panel of Candida
isolates. From the panel of Candida isolates, only C. auris had observable growth at an
elevated temperature (40°C) and salinity (10%wt/vol) in the Sabouraud (SAB) or yeast
nitrogen base (YNB) broths with dulcitol or mannitol as carbon sources. Candida
glabrata was the only species other than C. auris to have observable growth in the Salt
SAB Broth with dextrose as the carbon source (Table 1). All four clades of C. auris were
able to grow under elevated temperature and salinity but the closely related Candida
haemulonii, Candida doubushaemulonii, and other more distantly related Candida species were not able to grow (Table 1).
Clinical specimens (n ⫽ 72), including specimens from known clinical cases, were
simultaneously processed for isolation by directly plating on CHROMagar as well as
utilizing the Salt SAB Dex enrichment procedure. With the Salt SAB Dex broth C. auris
was successfully isolated from all 72 clinical samples and 5 environmental samples,
while with direct plating on CHROMagar Candida only 54 of the clinical samples (73%)
and 2 of the environmental samples (40%) were isolated from C. auris (Table 2 and
Fig. 3). In addition, multiple Candida species were recovered from direct plating onto
CHROMagar plates, while only C. auris, C. glabrata, and some strains of C. parapsilosis
were isolated from the enrichment in Salt SAB Dex broth. The enrichment procedure
resulted in fewer isolates to process, culture plates used, and consumables needed to
obtain a faster specimen identiﬁcation by MALDI (data not shown).
DISCUSSION
C. auris appears to readily spread and cause outbreaks in health care settings.
Infection prevention guided by rapid detection is an essential component needed to
prevent dissemination. To better understand this organism, we evaluated its ability to
survive on plastic surfaces in comparison with that of C. parapsilosis, which is another
skin colonizing yeast known to survive and persist on plastics and in hospital environOctober 2017 Volume 55 Issue 10
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FIG 2 The log transformed recovery of viable C. auris (blue) and C. parapsilosis (gray) at each time point as determined by esterase activity. The middle bar within
each box represents the median; the top and bottom of the box represent the 75th and 25th quartiles, respectively, and dark circles represent outliers. A single
asterisk indicates P ⬍ 0.05 and double asterisk indicates P ⬍ 0.001 between C. auris and C. parapsilosis for each time point.

ments, causing nosocomial outbreaks (18). Our results demonstrated that both species
of Candida are capable of surviving for weeks in the environment in health care
settings, raising concerns for the possibility of nosocomial transmission. To further
assist with isolation and detection of C. auris in patients and the environment we
developed the enrichment broth procedure that facilitates isolation by taking advantage of C. auris’ ability to actively grow under high salt and high temperature conditions; growth conditions that are restrictive to most other microbes.
Survival and persistence of Candida on surfaces was evaluated using two complementary independent methods, culture (CFU) and direct observation of viability by
measurement of esterase activity with a solid-phase cytometer, a non-growth-based

TABLE 1 Growth results for panel of Candida isolatesa
Growth by strain and type of mediumb
Candida species
(location of collection)
C. auris (South Asia)
C. auris (Africa)
C. auris (South America)
C. auris (East Asia)
C. glabrata
C. albicans
C. doubushaemulonii
C. haemulonii
C. parapsilosis
C. tropicalis

SAB
Dextrose
⫹
⫹
⫹
⫹
⫹
⫺
⫺
⫺
⫺
⫺

YNB
Dulcitol
⫹
⫹
⫹
⫹
⫺
⫺
⫺
⫺
⫺
NAc

Mannitol
⫹
⫹
⫹
⫹
⫺
⫺
⫺
⫺
⫺
NA

Dulcitol
⫹
⫹
⫹
⫹
⫺
⫺
⫺
⫺
⫺
NA

Mannitol
⫹
⫹
⫹
⫹
⫺
⫺
⫺
⫺
⫺
NA

aIsolates

incubated at 40°C with shaking at 250 rpm in a Sabouraud broth or yeast nitrogen base with either
dextrose, dulcitol, or mannitol as the added carbon source.
bSAB, Sabouraud broth; YNB, yeast nitrogen base. All media contained 10% NaCl (wt/vol).
cNA, not available.
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TABLE 2 Growth results for clinical samples positive for C. auris that were directly plated
on CHROMagar Candida and processed through the enrichment broth procedure for
isolation of C. auris

aPercentage

Positive by CHROMagar
Candida (% positive)a
1 (100)
1 (100)
2 (100)
2 (100)
2 (40)
6 (86)
5 (63)
7 (87)
30 (68)
56 (73)

Positive by Salt SAB Dex
broth (% positive)
1 (100)
1 (100)
2 (100)
2 (100)
5 (100)
7 (100)
8 (100)
8 (100)
43 (100)
77 (100)

Downloaded from http://jcm.asm.org/ on June 19, 2019 by guest

Specimen type
Vaginal swab
Stool
Urine
Rectal swab
Environmental swab
Groin swab
Nasal swab
Axilla swab
Axilla/groin composite swab
Total specimens tested

of specimens that were found positive by both methods.

technology. The esterase assay is capable of detecting a single yeast or bacterium and
has been recognized by the FDA as an alternative testing method for sterile products
(19). As expected, viability detected by measurement of esterase activity was equivalent
or slightly higher across all time points than that measured by culture, since the assay
detects individual cells rather than clusters of cells that may all grow to form single
colonies. Interestingly, C. auris yielded signiﬁcantly higher metabolically active viable
cell counts compared to C. parapsilosis at all time points as measured by esterase
activity (Fig. 2), but lower culture-based viable cell counts compared to C. parapsilosis
at all time points except time zero as measured by CFU counts (Fig. 1). In relation to

FIG 3 Isolation of C. auris from clinical and environmental specimens (n ⫽ 77) by direct plating on CHROMagar Candida (blue bars) and by processing through
the Salt SAB Dex enrichment broth procedure (red bars).
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previous studies, which only rely on culture-based colony counts, these data highlight
the value in using an additional direct viability assay in order to gather a more
comprehensive picture of survival and persistence of Candida in the environment. The
metabolically active viable but nonculturable (VBNC) cells of C. auris were detected for
at least 4 weeks, and colonies were recovered by culture for at least 2 weeks, providing
the ﬁrst estimate of this species’ survival time in the environment (Fig. 1 and 2).
Similarly, C. parapsilosis colonies were recovered by culture for the full 4 weeks of the
studies (Fig. 1), which was twice as long as previous studies observed (14). Traore et al.
used only culture based colony counts from direct plating to measure the survival of C.
parapsilosis and C. albicans on glass, stainless steel, and fabric surfaces under ambient
environmental conditions. Although the Traore et al. study did not test plastic surfaces
and deposited a 3-log level higher inoculum on these surfaces (107 versus the 104 cells
used for the inoculum here), they demonstrated survival from all surfaces for at least 2
weeks for C. parapsilosis and 2 weeks on fabrics for C. albicans, but only 3 days for C.
albicans on glass and stainless steel (14).
In all experiments the measurement of esterase activity detected higher numbers of
viable cells of both species of Candida on the second day of incubation than at the
time-zero counts. Conversely, the remaining time points showed the total number of
viable cells decreasing, as expected, with each successive time point. One possible
explanation for this unexpected increase in the number of cells at day 2 is that some
fraction of the yeast cells divided after being left overnight on the plastic coupons,
which is a known technique of yeast and other single-cell organisms to increase surface
to volume ratio. Alternatively, the lower number of recovered cells detected by esterase
activity at time zero may be attributed to the higher likelihood of adherence of some
of the fresh active cells to the dilution tubes, pipet tips, or the ﬁlter column, as opposed
to the quiescent viable cells of the later time points. The esterase activity measurements by solid-phase cytometer demonstrated that the assay was highly speciﬁc to live
viable cells, as only live cells were detected by the instrument (see Fig. S1 in the
supplemental material). In spite of the time-zero limitations, the ﬁndings clearly demonstrate that a substantial proportion of C. auris cells exist in a viable but nonculturable
(VBNC) state over the test period of 28 days (Fig. 2). C. parapsilosis also showed
signiﬁcantly higher numbers at the 14-, 21-, and 28-day time points. Whether these
VBNC C. auris cells are capable of reviving and becoming infectious, as has been
determined for other pathogens (20–22), is something that requires further examination.
Our results demonstrate that both C. auris and C. parapsilosis can survive and persist
outside their host on dry, nonporous surfaces for weeks, emphasizing the importance
of infection control for preventing nosocomial transmission. Long environmental persistence of C. auris is particularly troubling considering the ability of C. auris to colonize
the skin (8). Since humans shed skin cells at an approximant rate of 106 particles per
hour (23, 24), patients shedding C. auris- or C. parapsilosis-colonized skin cells could
contribute to prolonged outbreaks with high transmissibility in health care settings.
Although, C. parapsilosis currently tends to display lower levels of pathogenicity and
antifungal resistance than the emerging multidrug-resistant C. auris, the rise of antifungal resistance among C. parapsilosis is concerning (25, 26).
Because of the technical limitations of testing multiple strains and environmental
conditions, only a single clinical isolate of each species was tested under speciﬁc
temperature and humidity, 25°C and 55 to 57% relative humidity (RH), on plastic
surfaces. Therefore, other potential sources of variability have not been evaluated. It is
possible that using a higher inoculum or testing different environmental conditions,
surfaces, or isolates from a different clade would generate different results, though
even survival for 24 h would provide a potential for transmission. The C. auris isolate
tested was resistant to ﬂuconazole and falls within the South Asian clade (Table 3). It
remains to be seen whether there are some ﬁtness tradeoffs in the level of drug
resistance and ability to survive and persist in the environment. Our study was designed
to investigate and gather baseline data for the ability of the emerging pathogen C. auris
jcm.asm.org 3001

Welsh et al.

Journal of Clinical Microbiology

TABLE 3 Isolate metadata for Candida isolates
Candida species
C. auris
C. auris
C. auris
C. auris
C. parapsilosis
C. albicans
C. glabrata
C. doubushaemulonii
C. haemulonii
aNA,

Strain
B11103
B11220
B11221
B11244
B13522
B10423
B12206
B10440
B10441

Origin
Pakistan
Japan
South Africa
Venezuela
USA
NAa
USA
NA
NA

Specimen type
Urine
Auditory Canal
Blood
Blood
Blood
NA
Axilla
NA
NA

Yr collected
2015
2008
2012
2012
2008
NA
2016
NA
NA

not available.

Downloaded from http://jcm.asm.org/ on June 19, 2019 by guest

to survive in the environment outside a human host, and quickly disseminate that
information to better inform infection control efforts. There are many interesting
research avenues that need to be explored to better understand the landscape of
survival and persistence of pathogenic yeast outside the human host. Future studies are
needed to investigate the landscape of the entire species complex from all four clades
of C. auris and how their survival and persistence differs strain to strain and from
susceptible to resistant. Researchers with the proper facilities and protocol precautions
to handle multidrug-resistant organisms may consider investigating these questions.
The description of the type strain reported C. auris has an ideal growth temperature
of 37-40°C, and is positive for growth in 10% NaCl/5% glucose medium (1). The
enrichment broth procedure combines high temperature and high salinity to broadly
inhibit other microbes and aid in the isolation of C. auris. However, the enrichment
broth procedure cultures C. auris at the upper limits of environmental conditions this
organism can tolerate and actively grow, and may require longer incubation periods,
which are important to consider when trying to rule out false negatives. Combining the
high salt media and the antibiotics gentamicin and chloramphenicol with high temperature (40°C) incubation excludes the vast majority of microbes. The methods
outlined here should facilitate the isolation of C. auris from human and environmental
sites with complex microbial communities (e.g., stool samples), and allow researchers to
gather data essential to determining the prevalence of this pathogen colonizing the
skin, gastrointestinal, or other body sites.
We demonstrated that C. auris suspended in a soil load and dried on nonporous
plastic surfaces (similar to environments found in health care settings) can persist for at
least 2 weeks as determined by culture, remaining metabolically active for at least 4
weeks. C. parapsilosis suspended in a soil load and dried on nonporous plastic surfaces
can remain culturable and metabolically active for at least 4 weeks. These data indicate
that the survival of these species outside a human host is considerable and allows
ample time for transmission within a health care facility. Our results are comparable to
the life-history traits of problematic nosocomial Gram-positive bacterial pathogens
Staphylococcus aureus or enterococci (27). These ﬁndings may help explain why C. auris
has caused numerous outbreaks in health care facilities and reinforces the critical need
for effective infection control, cleaning, and disinfection practices in affected facilities.
Infection prevention guided by rapid detection in health care settings is essential,
because C. auris is difﬁcult to treat as it is commonly resistant to multiple antifungal
drug classes. To assist with isolation and identiﬁcation of C. auris in these settings, we
developed and evaluated novel enrichment broths, with which we isolated C. auris
from complex microbial communities, such as skin, stool, and environmental surfaces.
The simple, low cost, and effective enrichment broth procedure has since become a key
tool in controlling the spread of C. auris in the United States and other countries.
MATERIALS AND METHODS
Organisms tested and growth conditions. The clinical strains used in the survival and persistence
experiments were C. auris B11103 and parapsilosis B13522 (accession number SAMN05379581). Cultures
were grown overnight on Sabouraud dextrose agar (SAB) supplemented with chloramphenicol and
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gentamicin at a ﬁnal concentration of 50 mg/liter (SAB Dex). A single colony was resuspended in 3 ml
SAB Dex broth in 15-ml test tubes and grown up to late log growth phase at 30°C and 250 rpm for 48
h in triplicate, meaning each strain was grown in 3 replicate test tubes. The clinical Candida strains used
in the enrichment broth experimental evaluation consisted of four C. auris isolates (one from each
polygenetic and geographical clade), C. parapsilosis, Candida tropicalis, C. albicans, C. doubushaemulonii,
C. haemulonii, and C. glabrata (Tables 1 and 3).
Patient and environmental specimens. Specimens from patients infected or colonized by C. auris
and their surrounding environments were submitted to the CDC as part of the ongoing C. auris outbreak
response to evaluate infection control measures at the affected facilities. These specimens included
swabs from the axilla/groin (n ⫽ 43), axilla (n ⫽ 8), nares (n ⫽ 8), groin (n ⫽ 7), rectum (n ⫽ 2), vagina
(n ⫽ 1), and environmental sources (n ⫽ 5). In addition, two urine and one stool sample were submitted.
This investigation was considered an urgent public health response and therefore was not subject to
review by CDC’s Institutional Review Board.
Inoculation of plastic carriers, artiﬁcial test soil load, air temperature, and relative humidity.
Plastic square coupons of 1 cm2 were prepared at the Centers for Disease Control and Prevention (CDC)
from PVC acrylic alloy (Kydex-T, O-80 thickness, P1 haircell texture). The plastic coupons represented
common nonporous environmental surfaces in hospitals. Preparation and sterilization of coupons prior
to inoculation consisted of thorough cleaning with a nonbactericidal detergent (Versa-Clean; Fisher
Scientiﬁc, Pittsburgh, PA), ultrapure, endotoxin-free reverse osmosis water (RO), and 70% ethanol. The
coupons were then sterilized by UV light, 20 min each side (Phillips Sterilamp G36T6L, approximately
107_W-s/cm2). Inocula were contained in an artiﬁcial test soil (ATS) (Healthmark Industries, Fraser, MI),
which was a mixture of 0.180 mg/ml mucin, 0.023 mg/ml hemoglobin, 0.260 mg/ml RPMI, 0.055 mg/ml
cellulose, 0.110 mg/ml egg yolk powder, and 0.201 mg/ml albumin. The dried ATS product was
suspended in reverse osmosis water, then diluted 1:5 in Butterﬁeld’s buffer. Late exponential cultures
were pelleted at 2,000 ⫻ g for 20 mins at 4°C and resuspended in ATS to a ﬁnal concentration of 5 ⫻
106 cells per ml. A 10-l aliquot of the cell suspension was placed on 24 coupons (three for each time
period to be tested), and 10 l of ATS only (no organisms) were placed on 8 coupons as negative controls
(one for each time period tested). Three test coupons and one control coupon were processed
immediately, and the remaining coupons were placed in a humidity chamber maintained at 25°C and 55
to 57% RH.
Tests for survival on inanimate materials. Three test coupons and one negative-control coupon
were retrieved from the chamber at days 1, 2, 4, 7, 14, 21, and 28 and placed in 15-ml polyethylene tubes
with 3 ml of phosphate-buffered saline containing 0.02% Tween 80 (PBST). Coupons were then vortexed
for 30 s and immediately sonicated (FS 20, a 40-KHz ultrasonic bath cleaner; Fisher Scientiﬁc) for 30 s, with
the cycle repeating for a total of three cycles. Preliminary tests were conducted to conﬁrm that vortex
and sonication did not reduce viable cell counts. Direct aliquots and serial dilutions of the PBST/cell
supernatant were plated in triplicate, the plates the incubated at 36°C for 48 h, and CFUs were counted
to determine the number of culturable cells surviving at each time point. A separate aliquot was used
for an independent assay of survival, measured by the presence of esterase activity. Esterase activity was
determined using a ScanRDI (bioMérieux, Inc., Durham NC) solid-phase cytometer and the instrument’s
standard viability assay sample preparation protocol (28). The ScanRDI separately counts individual cells
that ﬂuoresce if esterase is produced, and the results from the instrument were manually validated cell
by cell using epiﬂuorescence microscopy. Preliminary tests were conducted using live and formalin-ﬁxed
cells (2.0% ﬁnal concentration for 30 mins at 4°C) to conﬁrm that the esterase activity assay identiﬁed and
counted only viable cells (Fig. S1).
Number of tests and analysis of data. Direct cell count and colony count data were adjusted for
dilution, and to account for zeros in the colony count data were modiﬁed and then transformed
[log10(x ⫹ 1)]. Means and standard deviations were calculated, normality of the data was tested using
the Shapiro-Wilk statistic, and the differences between time and isolates were determined as signiﬁcant
at P values of ⬍ 0.05 by use of the Student t test.
Enrichment broth growth assay and panel of Candida isolates for evaluating enrichment for C.
auris. Two enrichment broths with amino acids, nitrogenous compounds, and 10%, wt/vol sodium
chloride were evaluated with separate carbon compounds. The ﬁrst was the Salt Sabouraud Enrichment
Broth (Salt SAB Broth) that consists of 5 g pancreatic digest of casein (Remel, Lenexa, KS, USA), 5 g peptic
digest of animal tissue (Neogen, Lansing, MI, USA), and 100 g sodium chloride (NaCl) dissolved in a liter
of deionized (DI) water with 20 g of either dextrose, dulcitol/galactitol, or mannitol (Difco, Franklin Lakes,
NJ, USA) as the added carbon source. The medium was mixed well, the pH was adjusted to 5.6 ⫾ 2, and
the ﬁlter was sterilized through a 0.2-m ﬁlter. The second enrichment broth was salt yeast nitrogen base
broth (Salt YNB), which consists of 6.8 g yeast nitrogen base (Difco, Franklin Lakes, NJ, USA), and 100 g
sodium chloride (NaCl) dissolved in a liter of DI water with either dulcitol/galactitol, or mannitol (Difco,
Franklin Lakes, NJ, USA) as the added carbon source. In all media, gentamicin and chloramphenicol were
added to a 50-mg/liter ﬁnal concentration. The medium was mixed well and ﬁlter sterilized through a
0.2-m ﬁlter. All Candida isolates were grown to late log phase, pelleted at 2,000 ⫻ g for 20 mins at 4°C,
and resuspended in PBS to a ﬁnal concentration of 5 ⫻ 106 cells per ml as previously described above.
A 10-l aliquot of the cell suspension (104 cells) was used to inoculate 3 ml of each enrichment broth,
and each strain was grown in 3 replicate test tubes incubated at 40°C with shaking with aeration at 250
rpm. Cell density was measured at optical density (OD) 600 using an ELx808 microplate reader (BioTek,
USA) at time ⫽ 48 and 72 h.
Isolation of C. auris from patient and environmental specimens. C. auris cultures from patients
were obtained using either rayon tip swabs (Fisherﬁnest Amies Charcoal bacteriology culture collection
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each culture tube with no visible sign of growth was transferred to CHROMagar Candida, and all isolates
obtained were subjected to identiﬁcation via MALDI-TOF.
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concentrated via centrifugation, and cultured by simultaneously plating on CHROMagar and enrichment
broth (29). The inoculated broths were examined daily and those that appeared turbid were streaked for
isolation on CHROMagar Candida and incubated at 37°C. Individual colonies were selected and subjected
for MALDI identiﬁcation using the rapid yeast extraction protocol (30) on the MALDI Bruker Biotyper
(Bruker Daltonics). The MicrobeNet MALDI database (Centers for Disease Control and Prevention, Atlanta,
GA) (31) was used to assign accurate species identiﬁcation, which includes all four clades of C. auris and
the closely related strains C. haemulonii and C. doubushaemulonii (32).
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