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Abstract

Word count: 243

Introduction

Candida auris is a multidrug-resistant fungal pathogen endemic in South African hospitals.

Materials and methods

We tested bloodstream C. auris isolates that were submitted to a reference laboratory for national
laboratory-based surveillance for candidaemia, 2016-2017. We confirmed species identification by
phenotypic/molecular methods. We tested susceptibility to amphotericin B, anidulafungin, caspofungin,
micafungin, itraconazole, posaconazole, voriconazole, fluconazole and flucytosine using broth
microdilution (BMD) and Etest. We interpreted minimum inhibitory concentrations (MICs) using
tentative breakpoints. We sequenced the genomes of a subset of isolates and compared to the C. auris

B8441 reference strain.

Results

Of 400 C. auris isolates, 361 (90%) were resistant to at least one antifungal agent, 339 (85%) to
fluconazole alone (MIC of 232 mg/L), 19 (5%) to fluconazole and amphotericin B (MIC =2 mg/L) and one
(0.3%) to amphotericin B alone. Two (0.5%) isolates from a single patient were pan-resistant
(fluconazole, amphotericin B, echinocandins). Of 93 isolates selected for whole genome sequencing, 78
clustered in clade lll including the pan-resistant isolates, 13 in clade | and two in clade IV. Eighty-four of
these (91%) were resistant to at least one antifungal agent; both resistant and susceptible isolates had

mutations. The common substitutions identified across the different clades were VF125AL, Y132F,
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K177R, N335S, E343D in ERG11; N647T in MRR1; A651P, A657V, S195G in TAC1b; S639P in FKS1; and

S58T in ERG3 genes.

Conclusions
Most South African C. auris isolates were resistant to azoles, though resistance to polyenes and
echinocandins was less common. We observed mutations in resistance genes even in phenotypically-

susceptible isolates.
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Introduction

Candida auris is an important multi-drug resistant nosocomial pathogen in healthcare settings (1).
Bloodstream infection is the most frequently-reported form of invasive disease with a reported crude
mortality of 30% to 60% (2, 3). The clinical impact of antifungal resistance of C. auris is poorly defined
with no published clinical breakpoints and only tentative epidemiological cut-off values (ECVs) (4). Using
breakpoints determined for closely-related Candida species and based on expert opinion, the U.S.
Centers for Disease Control and Prevention (CDC) published a guide to assist laboratories in the

interpretation of C. auris minimum inhibitory concentrations (MICs) (5).

The recommended first-line antifungal agent for C. auris bloodstream infections is an echinocandin (6).
However, isolates have been reported with reduced susceptibility to these agents (7, 8, 9). Acquired
resistance to fluconazole and variable susceptibility to amphotericin B and other triazoles also limit
treatment options for C. auris infection (1, 7, 9). Furthermore, a small minority of C. auris isolates are

resistant to all classes of systemic antifungal agents in current use for candidaemia (9, 10).

C. auris is separated into four distinct clades named for the geographic area where these were first
isolated: South Asian (clade 1), East Asian (clade Il), African (clade Ill) and South American (clade IV) (11)
and a potential clade V represented by a single isolate (11). Differences in genetic background,
biochemical characteristics and antifungal susceptibility patterns makes each clade unique (12).
Antifungal resistance seems to be clade specific; clade |, Ill and IV isolates may be resistant to multiple
antifungal agents, while clade Il isolates are generally more susceptible (13, 14). In addition,
S639F/S639P mutations in the FKS hotspot 1 region have been detected in echinocandin-resistant
isolates (14, 15). Furthermore, distinct mutations in the ERG11 gene (F126L, Y132F, K143F) and TACB1

gene (A640V) have been detected in azole-resistant isolates (9, 16).
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Since C. auris was first detected in South Africa in 2009, healthcare-associated transmission events and
large outbreaks have led to this pathogen accounting for more than 1 in 10 cases of candidaemia (3, 17,
18). Some isolates have been reported to be resistant to more than one antifungal agent (19). In order to
determine the resistance profile of C. auris bloodstream isolates from South Africa and thus guide
empiric treatment, we performed antifungal susceptibility testing on C. auris isolates obtained from
private- and public-sector hospitals in South Africa through a national laboratory surveillance

programme in 2016-2017.
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Materials and methods

Isolate information and case definition

We conducted national laboratory-based surveillance for candidaemia from 1 January 2016 through to
31 December 2017. Clinical microbiology laboratories affiliated to the National Health Laboratory Service
(NHLS) or a private-sector pathology practice were requested to send Candida species isolated from
blood culture specimens to the Mycology Reference Laboratory at the National Institute for
Communicable Diseases (NICD). Isolates were accompanied by a laboratory report that included species
identification and patient demographic details. Individual patients with more than one serial isolate were
also included. At sentinel surveillance sites, we collected additional clinical information by chart review

and/or interview (3).

Identification of C. auris

Candida isolates were submitted to NICD on Dorset transport medium (Diagnostic Media Products
(DMP), NHLS, Sandringham, South Africa) and to obtain a presumptive species identification, were
inoculated onto chromogenic agar (MAST ID CHROMagar Candida, Mast Diagnostics, Amiens, France)
upon receipt. We used matrix-assisted laser desorption/ionization time-of-flight mass spectrometry
(MALDI-TOF MS) (Bruker Corporation, Billerica, MA, United States) to confirm species identification. We
extracted DNA from the isolates using the Zymo Fungal/Bacterial Miniprep kit (Zymo Research, Ingaba
Biotec, South Africa) if repeated analysis on the MALDI-TOF MS instrument resulted in no peaks, yielded
a score of <2.00, or if there was no clear identification. DNA amplification and sequencing of the internal
transcribed spacer (ITS) region of the ribosomal gene was then performed using the ITS1 and ITS4
primers (20). We used the National Center for Biotechnology Information (NCBI) Basic Local Alignment
Search Tool (BLAST) database to identify the species based on pairwise sequence alignment

(http://blast.ncbi.nim.nih.gov/Blast.cgi). We included only confirmed C. auris isolates.
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Antifungal susceptibility testing

The MICs of nine antifungal agents (amphotericin B, fluconazole, voriconazole, itraconazole,
posaconazole, caspofungin, anidulafungin, micafungin and flucytosine) were determined using dried
broth microdilution (BMD) panels containing Alamar blue (Thermo Fisher Scientific, Cleveland, OH, USA)
and following Clinical and Laboratory Standards Institute M27-Ed4 recommendations (21). All plates
were incubated at 35°C and wells were visually evaluated for growth following 24 hours of incubation.
MICs for echinocandins and azoles were defined as the lowest antifungal concentration that caused 50%
growth inhibition compared to the positive control, while the MIC for amphotericin B was defined as the
lowest concentration at which there was 100% inhibition of growth. We used CDC tentative breakpoints,
which were developed using C. auris MIC distribution data, known molecular mechanisms of resistance
and pharmacokinetic/pharmacokinetic data from a neutropenic mouse model of infection, to interpret
MICs. Isolates with an amphotericin B MIC of 22 mg/L, with a fluconazole MIC of 232 mg/L or with an
anidulafungin/ micafungin MIC of 24 mg/L were considered resistant to that agent. Micafungin and/or
anidulafungin resistance was considered as a surrogate marker of resistance for the entire echinocandin
class. Caspofungin MICs were not categorized due to the previously-reported inter-laboratory MIC
variability noted in Candida species as a result of batch-to-batch variation of the powder’s potency (22,
23). Multidrug-resistance was defined as resistance to more than one antifungal class. There are no
breakpoints to interpret itraconazole, posaconazole, voriconazole and flucytosine MICs. C.

parapsilosis ATCC 22019 and Candida krusei ATCC 6258 were run on all days of testing and MICs were
found to be within the required quality control range. We also determined amphotericin B MICs by Etest
(bioMérieux, Marcy I'Etoile, France) on RPMI 1640 plates containing 2% glucose (DMP, South Africa),
according to the manufacturer’s instructions. We used the Etest method since it generates a much wider

and diverse range of amphotericin B MIC values than those yielded by broth microdilution testing; this
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may assist to distinguish resistant and susceptible isolates (24). Isolates with resistance to echinocandins
by BMD testing were re-tested by Etest for confirmation only. We calculated the range, MICsoand MICg

for each distribution.

Whole genome sequencing of C. auris isolates

We selected all echinocandin- and amphotericin B-resistant isolates and a random sample of
fluconazole-resistant isolates. In total, 92 C. auris isolates were selected for whole genome sequencing;
62 were resistant to fluconazole, 19 were resistant to both amphotericin B and fluconazole, two were
pan-resistant (amphotericin B, fluconazole and echinocandins), one was resistant to amphotericin B
alone and eight were fully-susceptible. DNA extraction from these yeast isolates was performed as
described above. Paired-end libraries were prepared using the Nextera DNA Flex library preparation kit,
followed by 2 x 300-bp sequencing on an lllumina MiSeq instrument (Illumina, San Diego, CA, USA). The
sequenced paired-end reads were quality controlled and filtered (Q>20 and length > 50 bp) using fastqc
(v0.11.8) and trim Galore (v0.6.4_dev; https://github.com/FelixKrueger/TrimGalore), respectively. The

clean reads from each C. auris isolate were analyzed for the detection of mutations using a custom

targeted gene approach workflow on Qiagen CLC Genomics Server version 20 (Qiagen, The Netherlands).

We determined the presence of mutations within the ERG11 gene, ERG9 and transcriptional regulators
of efflux pumps (MRR1 and TAC1B genes) responsible for azole resistance, the FKS1 gene hot spot 1
region associated with echinocandin resistance and ERG3, ERG6, and ERG10 genes associated with
amphotericin B resistance in C. auris. Reference sequences and annotations for these genes were
obtained from the susceptible clade | reference strain, C. auris B8441 (Genbank accession:
PEKT00000000; https://www.ncbi.nlm.nih.gov/assembly/GCA_002759435.2/) and the clade lll C. quris
B11221 isolate (Genbank accession: PGLS00000000;

https://www.ncbi.nlm.nih.gov/assembly/GCA_002775015.1/, Mufioz et al., 2018). Results tables for
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synonymous or non-synonymous mutations were populated to MS Excel Workbooks using a custom R

script and compared. We compared our findings to what had been previously reported by Lockhart et al.

(2017), Chow et al. (2020) and Rybak et al. (2020) (9, 14, 16).

Ethics
NICD obtained annual approval for GERMS-SA laboratory-based surveillance from the research ethics
committees of several South African universities. Patients, from whom surveillance data were collected

prospectively through interview, provided written informed consent.
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Results

Cases, species identification and selection of isolates

Between 2016 and 2017, 6669 cases of candidaemia were reported. Of these 6669, additional species
identification was performed at NICD on viable isolates from 3020 cases, and only at the diagnostic
laboratories for 2856 cases. Thus, the corresponding isolates from 5876 cases had a species-level
identification either at NICD and/or at a diagnostic laboratory and of these, 794 (14%) cases had a C.
auris bloodstream infection. We have previously described these cases in detail (3). Of these 794 cases,
450 had isolates that were identified as C. auris only at a diagnostic laboratory. Only 400 isolates from
344 cases were submitted for further testing at NICD and confirmed to be C. auris. The clinical details of
these cases are in Table 1. The 344 cases included 45 patients with two or more serial isolates. Three

hundred and ninety-four isolates (99%) were confirmed as C. auris by MALDI-TOF MS; the other six

isolates (three with no MALDI-TOF MS identification, two with a MALDI-TOF score value of <2.00 and one

with a low discrimination identification) were later confirmed as C. auris by ITS sequencing.

Antifungal susceptibility distributions

Table 2 summarizes the BMD and Etest MIC distribution, MICso and MICgy of nine antifungal agents for
the 400 C. auris isolates. The fluconazole BMD MICsy and MICq values for all 400 isolates were 128
pg/ml and 256 pg/ml respectively. The amphotericin B BMD MICs ranged from 2 pug/ml to 4 pug/ml for
27% (107/400) of the C. auris isolates, while 73% (293/400) had MICs that ranged from 0.25 ug/ml to 1
pg/ml. Only 6% (22/400) were confirmed to be amphotericin B-resistant by Etest. The Etest MICs for
these 22 isolates ranged from 2 pg/ml to 8 ug/ml. The BMD MICs for posaconazole, itraconazole and
voriconazole ranged from 0.015 pg/ml to 1 pg/ml, 0.03 ug/ml to 2 ug/ml and 0.03 pg/ml to 8 pug/ml
respectively. The BMD MICs for micafungin and anidulafungin ranged from 0.015 ug/ml to 8 ug/ml and

0.015 pg/ml to 2 ug/ml respectively. Two isolates from a single patient had high micafungin MICs of 4
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pg/ml and 8 pg/ml but low anidulafungin MICs of 1 pg/ml and 2 ug/ml, respectively. The micafungin
Etest MIC for these two isolates was 16 pg/ml. Flucytosine MICs were relatively low (range, 0.015 pg/ml

to 2 ug/ml) for all 400 C. auris isolates.

Multi-drug resistance

Of the 400 C. auris isolates, 361 (90%) were resistant to at least one antifungal agent and of these, 339
(94%) were resistant to at least fluconazole. Of these 339 fluconazole-resistant isolates, 19 (6%) were
also resistant to amphotericin B and thus multi-drug resistant. The flucytosine MICs for these 19 isolates
ranged from 0.06 pug/ml to 1 pg/ml. Two of three C. auris isolates from a single patient were micafungin-
resistant (MICs of 4 ug/ml and 8 pug/ml), fluconazole-resistant (MICs of 32 ug/ml and 64 ug/ml) and
amphotericin B-resistant (MICs of 4 ug/ml and 2 ug/ml). This patient was a 69-year-old man who was
admitted to a cardiothoracic intensive care unit at a private hospital in Pretoria. Blood cultures collected
on three consecutive days in August 2016 yielded C. auris. The first bloodstream isolate was susceptible
to all antifungal agents except amphotericin B (MIC of 2 ug/ml). The two subsequent isolates were
confirmed to be resistant by Etest to micafungin (MIC of 216 pg/ml), anidulafungin (MIC of 216 ug/ml)
and amphotericin B (MIC of 2 ug/ml). The flucytosine MICs for these three isolates remained low (0.25

pg/ml).

Clade-specific susceptibility and resistance mutations

Of the 92 isolates with WGS analysis, 84 (91%) were resistant to one or more antifungal agents, while the
remaining eight were susceptible to all tested antifungal agents. The majority of the isolates (n=77)
belonged to clade Ill, 13 belonged to clade | and two belonged to clade IV. Among the 77 clade llI
isolates, 69 (90%) in total had some evidence of resistance: 59/69 (86%) were resistant to fluconazole

alone, 7/69 (10%) were resistant to both fluconazole and amphotericin B, 2/69 (3%) were resistant to
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micafungin, fluconazole and amphotericin B and 1/69 (1%) was resistant to amphotericin B alone (Table
3). Ninety-nine per cent (76/77) of the clade Ill isolates had two substitutions (F126L and V125A; now
referred as VF125AL) based on ERG11 gene mutations. These mutations were observed in 68 isolates
with a fluconazole MIC of 232 ug/ml and eight isolates with MICs of 8 ug/ml to 16 pug/ml. These 76 clade
Il isolates also had a N647T MRR1 substitution. In addition, only 16 of the clade Il isolates had A651P
TAC1b substitutions, with a single isolate having an extra S195G TAC1b substitution. These isolates had a
BMD fluconazole MICs ranging from 16 pg/ml to 256 ug/ml (Table 1, supplementary). Distribution of

common specific substitutions within the sequenced resistance genes in each clade is shown in Figure 1.

Twelve of 13 (92%) clade | isolates were resistant to both fluconazole and amphotericin B and one isolate
to fluconazole alone. One of the two clade IV isolates was resistant to fluconazole but not to any other
agent. The 13 clade | isolates all had Y132F ERG11 substitutions, while eight clade | isolates had A657V
TAC1b substitutions and only two isolates had A651P TAC1b substitutions. The two clade IV isolates with
fluconazole MICs of 16 ug/ml and 64 ug/ml had M351V and A27T ERGY substitutions and K177R, N335S,
E343D ERG11 substitutions. The fully-susceptible clade IV isolate also had 12 uncommon substitutions
within the MRR1 gene (S30T, N70S, E76_P77delnsDS, D80E, N133S, K138E, K167N, L211V, R249K, R280G,

R413K, K534N), while the resistant clade IV isolate had a A651P TAC1b substitution.

Three clade Il isolates from a single patient, two with an Etest micafungin MIC of 216 pug/ml and one
with a BMD micafungin MIC of 22 ug/ml, had an S639P substitution due to a mutation within the FKS1
hotspot 1 region. Another three clade | echinocandin-susceptible isolates (anidulafungin BMD MIC of <1
pg/ml; micafungin BMD MIC of 0.5 pg/ml) from different patients had an uncommon D642Y substitution
due to a FKS1 hotspot 1 region mutation, while a single clade Il echinocandin-susceptible isolate

(anidulafungin and micafungin BMD MICs of 0.06 pug/ml) also had three uncommon different
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substitutions (T125I, C1253fs (fs=frameshift), G1250S) due to mutations within the FKS1 hotspot 1 region

(Table 2, supplementary).

Both clade IV isolates (amphotericin B BMD MICs of <2 ug/ml and Etest MICs of £0.75 pg/ml) had
uncommon S58T substitutions due to mutations within the ERG3 gene. No mutations were observed
within the ERG6 and ERG10 genes for any of the 92 isolates. Of the 8 fully-susceptible isolates, only one
clade Ill isolate with a micafungin BMD MIC of 0.5 ug/ml, anidulafungin BMD MIC of 0.12 pg/ml,
fluconazole BMD MIC of 4 ug/ml, and an amphotericin B Etest MIC of 0.38 pug/ml did not have any

mutation within any genes and was considered a wild-type.

Clinical treatment and outcomes

Clinical data on antifungal treatment and in-hospital outcome were available for 25% (87/344) of
patients with C. auris candidaemia. Table 3 (Supplementary) shows the 75 patients with documented
receipt of systemic antifungal therapy, MIC data, and in-hospital outcome. The overall in-hospital case

fatality ratio was 47% (35/75).

Of the 35 who died, 11 were treated with amphotericin B alone and 15 with amphotericin B plus either
an echinocandin (n=11) or azole (n=4). The remaining nine were either treated with an echinocandin
(n=7), fluconazole (n=1) or an unspecified agent (n=1). Thirty-two of the 35 isolates from patients who
died were resistant to fluconazole alone (MIC of 232 ug/ml), while one isolate was resistant to both
fluconazole and amphotericin B (MIC of 3 pg/ml). The remaining two isolates were susceptible to all
tested antifungal agents. Sixteen of the patients who died were previously treated with fluconazole

(n=5), micafungin (n=3), anidulafungin (n=2), amphotericin B and fluconazole (n=2), posaconazole (n=1),
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amphotericin B, caspofungin and micafungin (n=1), caspofungin and anidulafungin (n=1), posaconazole,

amphotericin B, fluconazole, itraconazole, voriconazole, micafungin and anidulafungin (n=1).

Only three of the 35 had their isolates sequenced. These three isolates had fluconazole MICs of 232 mg/L
and VF125AL mutations within the ERG11 gene. In addition to fluconazole resistance, one isolate also
had an amphotericin B MIC of >3 pug/ml; however, no mutations were detected within the ERG3, ERG6
and ERG10 genes. For the two fluconazole-resistant isolates, one patient was previously treated with a
combination of antifungal agents including posaconazole, amphotericin B, fluconazole, voriconazole,
micafungin and anidulafungin before being treated with amphotericin B for 18 days during the episode
of candidaemia. The other patient had been previously treated with fluconazole and was then initially
treated for the episode of candidemia with amphotericin B for 1 day followed by fluconazole for 24 days.
The third patient with a fluconazole- and amphotericin B-resistant isolate had no prior antifungal

treatment and was treated for the episode of candidaemia with amphotericin B for 10 days.

Of the 40 who recovered, nine were treated with amphotericin B alone, while the others were treated
with more than one antifungal agent (Table 3, supplementary). Of the 40 C. auris isolates from the
patients who recovered, 38 (95%) were only resistant to fluconazole (MIC of 232 pg/ml). Nine of these
patients had been previously treated with micafungin (n=4), fluconazole (n=3), voriconazole (n=1) and
amphotericin B (n=1). One patient of the nine had their isolate sequenced. This isolate had a fluconazole
MIC of 232 pug/ml and had VF125AL mutations within the ERG11 gene. The patient had received prior
fluconazole treatment before being treated for the episode of candidaemia with anidulafungin for 11

days.
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Discussion

We performed antifungal susceptibility testing on 400 South African C. auris bloodstream isolates
from national surveillance. Ninety per cent of the 400 isolates were resistant to fluconazole but only
5% were amphotericin B-resistant and fluconazole-resistant. Two isolates from a single patient were
resistant to three antifungal classes. Of 92 isolates which were sequenced, 84% belonged to clade Ill,
14% belonged to clade | and 2% belonged to clade IV. A much larger proportion of clade | isolates
were multi-drug resistant (>90% resistant to fluconazole and amphotericin B) than clade Il isolates.
Mutations were observed within resistance genes in both susceptible and resistant clade Il and

clade IV isolates.

C. auris was the third most common Candida species isolated from South African patients with
bloodstream infections (3). The increase in the number of C. auris infections reported worldwide is
of major concern because this fungus is difficult to identify using standard identification methods, is
often multidrug-resistant and can cause large outbreaks in acute hospital and long-term healthcare
settings (9, 25). Recently, Magobo et al. reported the emergence of multidrug-resistant isolates (8%)
among 85 tested South African C. auris isolates. However, our study sample derived from 2-year
national surveillance of candidaemia provides a much more representative picture of the antifungal
susceptibility profile (19). The vast majority of our study isolates were fluconazole-resistant.
Fluconazole must be avoided as first-line empiric treatment for candidaemia in hospitals and units
where C. auris is endemic. We also observed resistance to amphotericin B and echinocandins in our
setting, albeit at a much lower relative frequency. We found that resistance to azoles and
amphotericin B was the most common resistance combination (5%), while 2 (0.5%) isolates were
resistant to azoles, amphotericin B and echinocandins. A multicenter study of 350 Indian C. auris
isolates collected between 2009 and 2017 reported that 14% were resistant to both azoles and
flucytosine, 7% to both azoles and amphotericin B and 2% to azoles and echinocandins (2). In

contrast, all our isolates had low flucytosine MICs. A combination of amphotericin B and flucytosine
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319 is a potent regimen and known to be efficacious for other serious fungal infections such as

320  cryptococcal meningitis (26). This combination may potentially be useful in resource-limited settings
321 for treatment of invasive C. auris infections and this should be explored in prospective studies.

322

323 A majority of our isolates belonged to clade Ill, while smaller proportions belonged to clade | (14%)

324  andclade IV (2%). We found that a much higher proportion (92%) of clade | isolates were multi-drug
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325 resistant (both fluconazole and amphotericin B) compared to 13% of clade Il isolates. Chow et al.
326  also reported a larger proportion of clade | isolate (45%) as multidrug resistant than clade Il (8%)
327 andclade IV (10%) (14). Furthermore, two of our clade Ill isolates were pan-resistant. So far, pan-
328 resistant isolates have been reported only in 3% of clade | isolates (14). Fluconazole resistance has
329 been reported in clade | isolates (India and Pakistan), clade Ill isolates (South Africa) and clade IV
330 isolates (Venezuela) (9). In contrast, a very low prevalence of fluconazole resistance has been

331 reported in clade IV Colombian isolates and clade Il Japanese isolates (2, 27, 28). Fluconazole

332 resistance is associated with clade-specific mutations within the ERG11, ERG9, MRR1 and TAC1b

Chemotherapy

333  genes. Some of our clade |, clade Ill and clade IV isolates had similar mutations to those reported
334 previously, while other mutations were uncommon (9, 14, 16). Uncommon mutations within the
335  susceptible C. auris isolates may be related to natural evolutionary divergence rather than a

336 mechanism of resistance. Ninety-nine of the clade Ill isolates had ERG11, MRR1 and TAC1b

337 mutations. In C. albicans, MRR1 and TAC1b are zinc-cluster transcription factors reported to play a
338 role in the regulation of the expression of the multidrug resistance-related gene MDR1 and CDR1,
339 respectively, while ERG11 encodes a microsomal and membrane-bound protein that functions as a
340  lanosterol 14, a-demethylase of the cytochrome P450 family (29). All clade | isolates had ERG11
341 mutations but no MRR1 mutations. MRR1 mutations have only been noted in clade Ill isolates (16,
342 30). However, one of the clade IV isolates had 12 MRR1 mutations and an fluconazole MIC of 16
343 pg/ml. It is difficult to establish if these mutations contributed to an elevated MIC, since the other

344  clade IV isolate did not have these mutations but had an MIC of 64 pug/ml. Both clade IV isolates had
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three mutations within the ERG11 gene which is commonly reported in Colombian isolates but are
not associated with fluconazole resistance (27). All clade | isolates had a fluconazole MIC of 2128
pg/ml and had ERG11 mutations. Of the clade Ill isolates with ERG11 and MRR1 mutations, seven
were considered susceptible with fluconazole MICs ranging from 8 ug/ml to 16 pug/ml. A larger
number of clade Il genomes with MICs of <4 pug/ml should be sequenced to determine if these
isolates have mutations. A proportion of clade |, Il and IV isolates had TAC1b mutations. Mutations
in TAC1b are associated with fluconazole resistance in C. auris isolates (16). The A657V TAC1b
substitution has been reported in 15 clade | isolates with the Y132F ERG11 substitution and elevated
fluconazole MICs, which is similar to our findings (16). However, two of our clade | isolates with MICs
of 256 pg/ml and a single clade IV isolate with MIC of 64 ug/ml had a A651P TAC1b substitution. This
A651P TAC1b substitution was most common among our clade Il isolates with MICs of 64 pug/ml to
256 ug/ml. Rybak et al. reported 16 clade IV isolates harboring A651T TAC1b substitutions (16).
None of our isolates harbored the A640V TAC1b substitution which is mostly common in clade |
isolates with fluconazole MIC of >64 pug/ml and K143R ERG11 substitution . Our isolates also lacked
the K247E, M653V, A15T or P595L/H TAC1b substitutions which has been found to occur naturally in

C. auris (16).

Amphotericin B resistance is not commonly described among Candida species (11, 31). However,
Chow et al. reported that 47% of clade | isolates and 11% of clade IV isolates were resistant to
amphotericin B, while all clade Ill and clade Il isolates were susceptible by the Etest method (14).
Based on the Etest method, we confirmed resistance in 6% (22/400) of South African isolates. The
Etest method yields a much wider MIC range compared to BMD, partly because the strip includes
lower antifungal concentrations (32). Twelve clade | and 10 clade Il isolates did not have mutations
within the ERG3, ERG6 and ERG10, despite having high amphotericin B Etest MICs. In a large clade |
C. auris outbreak involving 72 patients in the United Kingdom, Rhodes et al. reported five

amphotericin B-resistant isolates with an MIC of 2 mg/L, none of which had any ERG3, ERG5 and
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ERG6 mutations (33). Of the 22 amphotericin B-resistant isolates in our study, none had any
mutations. Only the two clade IV isolates had a single mutation within the ERG3 gene; these two
isolates had an amphotericin B Etest MICs of 0.75 pg/ml and 0.5 pg/ml and would be considered
susceptible. We do not know the relevance of these mutations. In fungi, ERG3 encodes a C-5 sterol
desaturase that is involved in one of the final reactions in the ergosterol biosynthesis pathway (29).
A missense mutation in ERG3 gene results in azole resistance in some clinical isolates of Candida
albicans and Candida parapsilosis (34, 35). In this study, both the fluconazole-resistant and-

susceptible clade IV isolates had a mutation within the ERG3 gene.

The molecular mechanism of echinocandin resistance is highly specific and not affected by multidrug
transporters (36). In C. auris, echinocandin resistance is associated with mutations in the hot spot
regions of the FKS genes (FKS1, FKS2 and FKS3) which encode B-1,3-b-glucan synthase (37). In this
study, only three clade | isolates and four clade Il isolates had mutations within the FKS1 hotspot 1
region. Three of the clade Il isolates were from a single patient but only two were resistant to
micafungin. However, all three isolates had S639P substitutions caused by FKS1 hotspotl mutations.
The S639P substitution has been reported in echinocandin-resistant isolates from clade | and IV
though not previously from clade Il isolates (14). Clade | and Il echinocandin-resistant isolates have
been reported to have either the S639F or S639Y substitutions (7, 14). Three of the clade | isolates
had a D642Y substitution due to a FKS1 region hot spot 1 mutation, though their anidulafungin and
micafungin MICs were <1 and 0.5 pug/ml respectively. The relevance of this D642Y substitution in C.
auris needs further investigation. Furthermore, another clade Il isolate had three mutations in the
FKS1 region hot spot 1 region; however, this isolate had anidulafungin and micafungin MICs of 0.06
ug/ml. It is possible that these mutations may not be related to resistance but other phenotypic

characteristics of the organism.
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The clonal expansion or transmission of pan-drug resistant or multidrug-resistant isolates may
severely compromise the treatment of C. auris infection. We found that 33% of patients had been
exposed to antifungal agents before they were treated for C. auris infection. This might have
resulted in the development of resistance and poorer clinical outcomes (38). However, we did not
perform a multivariable analysis to look at the association between antifungal resistance and in-
hospital outcome in our study. The FIDSSA guideline recommends echinocandins as a first-line
treatment option for patients with invasive C. auris infection and amphotericin B as an alternative
agent in clinical settings where echinocandins are unavailable (6). These agents are still good empiric
treatment options in South African hospitals though robust infection control and antifungal
stewardship programmes are essential to limit further emergence of resistance. This large study
provides a representative national antifungal profile of C. auris in South Africa and a baseline to
monitor emerging resistance to the approved antifungal agents. We used CDC tentative breakpoints
to interpret MICs which allows comparison of our results with other published studies. We
performed WGS for only a sub-set of resistant isolates so the clade distribution may not be

completely representative.

Conclusions

C. auris isolates from national surveillance were almost all resistant to fluconazole with a smaller
proportion resistant to amphotericin B or echinocandins. We observed mutations within resistance
genes even in susceptible C. auris isolates and further studies are required to understand the
mechanism of resistance and the relevance of mutation within genes among South African isolates

using a larger WGS dataset.

Page 5 of 29

Downloaded from https://journals.asm.org/journal/aac on 08 July 2021 by 41.169.119.71.



(19)
=
&
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Chemotherapy

Chemotherapy

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

ACKNOWLEDGEMENTS

We acknowledge Ms Mbali Dube and Mr Sydney Mogokotleng from the National Institute for
Communicable Diseases (Centre for Healthcare-Associated Infections, Antimicrobial Resistance and
Mycoses) for their assistance. Members of GERMS-SA: John Black, Vanessa Pearce (Eastern Cape);
Motlatji Maloba (Free State); Caroline Maluleka, Charl Verwey, Charles Feldman, Colin Menezes,
David Moore, Gary Reubenson, Jeannette Wadula, Masego Moncho, Merika Tsitsi, Maphoshane
Nchabeleng, Nicolette du Plessis, Prudence Ive, Theunis Avenant, Trusha Nana, Vindana Chibabhai
(Gauteng); Adhil Maharj, Fathima Naby, Halima Dawood, Khine Swe Swe Han, Koleka Mlisana, Lisha
Sookan, Nomonde Mvelase, Nontuthuko Maningi, Praksha Ramjathan, Prasha Mahabeer, Romola
Naidoo, Sumayya Haffejee, Surendra Sirkar (Kwazulu Natal); Ken Hamese, Ngoaka Sibiya, Ruth
Lekalakala (Limpopo); Greta Hoyland, Sindi Ntuli (Mpumalanga); Pieter Jooste (Northern Cape);
Ebrahim Variava, Ignatius Khantsi (North West); Adrian Brink, Elizabeth Prentice, Kessendri Reddy,
Andrew Whitelaw (Western Cape); Ebrahim Hoosien, Inge Zietsman, Terry Marshall, Xoliswa Poswa
(AMPATH); Chetna Govind, Juanita Smit, Keshree Pillay, Sharona Seetharam, Victoria Howell
(LANCET); Catherine Samuel, Marthinus Senekal (PathCare); Andries Dreyer, Khatija Ahmed, Louis
Marcus, Warren Lowman (Vermaak and Vennote); Anne von Gottberg, Anthony Smith, Azwifarwi
Mathunjwa, Cecilia Miller, Charlotte Sriruttan, Cheryl Cohen, Desiree du Plessis, Erika van Schalkwyk,
Farzana Ismail, Frans Radebe, Gillian Hunt, Husna Ismail, Jacqueline Weyer, Jackie Kleynhans, Jenny
Rossouw, John Frean, Joy Ebonwu, Judith Mwansa-Kambafwile, Juno Thomas, Kerrigan McCarthy,
Liliwe Shuping, Linda de Gouveia, Linda Erasmus, Lynn Morris, Lucille Blumberg, Marshagne Smith,
Martha Makgoba, Mignon du Plessis, Mimmy Ngomane, Myra Moremi, Nazir Ismail, Nelesh
Govender, Neo Legare, Nicola Page, Nombulelo Hoho, Ntsieni Ramalwa, Olga Perovic, Portia
Mutevedzi, Ranmini Kularatne, Rudzani Mathebula, Ruth Mpembe, Sibongile Walaza, Sunnieboy

Njikho, Susan Meiring, Tiisetso Lebaka, Vanessa Quan, Wendy Ngubane (NICD)

AUTHOR CONTRIBUTIONS

Page 6 of 29

Downloaded from https://journals.asm.org/journal/aac on 08 July 2021 by 41.169.119.71.



Antimicrobial Agents ana

(19)
=
6
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Antimicrobial Agents and

Chemotherapy

Chemotherapy

444

445

446

447

448

449

Surveillance methods: EV, NPG
Processing of isolates: TGM, SDN, RSM
Whole genome sequencing: SM, IA, SK
Data analysis: TGM, SK, JFM, NPG
Manuscript writing: TGM, NPG

Critical review of manuscript: TGM, EV, SDN, SK, JFM, RSM, SM, 1A, NPG

Page 7 of 29

Downloaded from https://journals.asm.org/journal/aac on 08 July 2021 by 41.169.119.71.



(19)
=
&
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Chemotherapy

Chemotherapy

450

451
452
453
454
455
456
457
458
459
460
461
462
463
464

465
466
467
468

469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486

487
488
489
490
491
492
493
494
495
496
497

REFERENCES

1.

10.

Mufioz JF, Gade L, Chow NA, Loparev VN, Juieng P, Berkow EL, Farrer RA, Litvintseva AP,
Cuomo CA. 2018. Genomic insights into multidrug-resistance, mating and virulence in
Candida auris and related emerging species. Nat Commun 9:5346.

Chowdhary A, Prakash A, Sharma C, Kordalewska M, Kumar A, Sarma S, Tarai B, Singh A,
Upadhyaya G, Upadhyay S, Yadav P, Singh PK, Khillan V, Sachdeva N, Perlin DS, Meis JF.

2018. A multicentre study of antifungal susceptibility patterns among 350 Candida auris
isolates (2009-17) in India: role of the ERG11 and FKS1 genes in azole and echinocandin
resistance. J Antimicrob Chemother 73:891-899.

Van Schalkwyk E, Mpembe RS, Thomas J, Shuping L, Ismail H, Lowman W, Karstaedt AS,
Chibabhai V, Wadula J, Avenant T, Messina A, Govind CN, Moodley K, Dawood H, Ramjathan
P, Govender NP, and for GERMS-SA. 2019. Epidemiologic shift in candidemia driven by
Candida auris, South Africa, 2016—-2017. Emerg Infect Dis J 25:1698.

Arendrup MC, Prakash A, Meletiadis J, Sharma C, Chowdhary A. 2017. Comparison of
EUCAST and CLSI reference microdilution MICs of eight antifungal compounds for Candida
auris and associated tentative epidemiological cutoff values. Antimicrob Agents Chemother
61:e00485-17.

Centers for Disease prevention and control (CDC). 2020. Antifungal Susceptibility Testing and
interpretation. [homepage on the Internet]. [cited 2020 Dec 14]. Retrieved from:
https://www. https://www.cdc.gov/fungal/candida-auris/c-auris-antifungal.html

Govender NP, Avenant T, Brink A, Chibabhai V, Cleghorn J, du Toit B, Govind C, Lewis E,
Lowman W, Mahlangu H, Maslo C, Messina A, Mer M, Pieton K, Seetharam S, Sriruttan C,
Swart K, van Schalkwyk E. 2019. Federation of Infectious Diseases Societies of Southern
Africa guideline: Recommendations for the detection, management and prevention of
healthcare-associated Candida auris colonisation and disease in South Africa. S Afr J Infect
Dis 34:a163.

Chowdhary A, Anil Kumar V, Sharma C, Prakash A, Agarwal K, Babu R, Dinesh KR, Karim S,
Singh SK, Hagen F, Meis JF. 2014. Multidrug-resistant endemic clonal strain of Candida auris
in India. Eur J Clin Microbiol Infect Dis 33:919-26.

Sharma C, Kumar N, Pandey R, Meis JF, Chowdhary A. 2016. Whole genome sequencing of
emerging multidrug resistant Candida auris isolates in India demonstrates low genetic
variation. New Microbes New Infect 13:77-82.

Lockhart SR, Etienne KA, Vallabhaneni S, Farooqi J, Chowdhary A, Govender NP, Colombo AL,
Calvo B, Cuomo CA, Desjardins CA, Berkow EL, Castanheira M, Magobo RE, Jabeen K, Asghar
RJ, Meis JF, Jackson B, Chiller T, Litvintseva AP. 2017. Simultaneous Emergence of Multidrug-
Resistant Candida auris on 3 Continents Confirmed by Whole-Genome Sequencing and
Epidemiological Analyses. Clin Infect Dis 64:134-140.

Kathuria S, Singh PK, Sharma C, Prakash A, Masih A, Kumar A, Meis JF, Chowdhary A. 2015.
Multidrug-Resistant Candida auris Misidentified as Candida haemulonii: Characterization by
Matrix-Assisted Laser Desorption lonization-Time of Flight Mass Spectrometry and DNA
Sequencing and Its Antifungal Susceptibility Profile Variability by Vitek 2, CLSI Broth
Microdilution, and Etest Method. J Clin Microbiol 53:1823-30.

Page 8 of 29

Downloaded from https://journals.asm.org/journal/aac on 08 July 2021 by 41.169.119.71.



(19)
=
&
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Chemotherapy

Chemotherapy

498
499
500
501
502
503
504
505
506
507
508

509
510
511
512

513
514
515

516
517
518

519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Chow NA, de Groot T, Badali H, Abastabar M, Chiller TM, Meis JF. 2019. Potential Fifth Clade
of Candida auris, Iran, 2018. Emerg Infect Dis J 25:1780.

Welsh RM, Sexton DJ, Forsberg K, Vallabhaneni S, Litvintseva A. 2019. Insights into the
Unique Nature of the East Asian Clade of the Emerging Pathogenic Yeast Candida auris. J Clin
Microbiol 57:e00007-19.

Forsberg K, Woodworth K, Walters M, Berkow EL, Jackson B, Chiller T, Vallabhaneni S. 2019.
Candida auris: The recent emergence of a multidrug-resistant fungal pathogen. Med Mycol
57:1-12.

Chow NA, Mufioz JF, Gade L, Berkow EL, Li X, Welsh RM. 2020. Tracing the evolutionary
history and clobal expansion of Candida auris using population genomic analyses. mBio
11:e03364-19.

Kordalewska M, Lee A, Park S, Berrio |, Chowdhary A, Zhao Y, Perlin DS. 2018. Understanding
Echinocandin Resistance in the Emerging Pathogen Candida auris. Antimicrob Agents
Chemother 62:e00238-18.

Rybak JM, Mufiioz JF, Barker KS, Parker JE, Esquivel BD, Berkow EL, Lockhart SR, Gade L,
Palmer GE, White TC, Kelly SL, Cuomo CA, Rogers DP. 2020. Mutations in TAC1B: a novel
genetic determinant of clinical fluconazole resistance in Candida auris. mBio 11:e00365-20

Magobo RE, Corcoran C, Seetharam S, Govender NP. 2014. Candida auris-associated
candidemia, South Africa. Emerg Infect Dis 20:1250-1.

Govender NP, Magobo RE, Mpembe R, Mhlanga M, Matlapeng P, Corcoran C, Govind C,
Lowman W, Senekal M, Thomas J. 2018. Candida auris in South Africa, 2012-2016. Emerg
Infect Dis J 24:2036.

Magobo R, Mhlanga M, Corcoran C, Govender NP. 2020. Multilocus sequence typing of
azole-resistant Candida auris strains, South Africa. S Afr J Infect Dis 35:a116

White TJ, Bruns T, Lee S, Taylor J. 1990. Amplification and direct sequencing of fungal
ribosomal RNA genes for phylogenetics. In: Innis MA, Gelfand DH, Sninsky JJ White TJ (eds.),
PCR Protocols: A Guide to Methods and Applications. San Diego, CA: Academic Press 315-
322.

Clinical and Laboratory Standard Institute. 2012. Reference Method for Broth 419 Dilution
Antifungal Susceptibility Testing of Yeasts. 4th Informational Supplement. 420 Clinical and
Laboratory Standards Institute M27-A3, Wayne, PA, USA

Espinel-Ingroff A, Arendrup MC, Pfaller MA, Bonfietti LX, Bustamante B, Canton E,
Chryssanthou E, Cuenca-Estrella M, Dannaoui E, Fothergill A, Fuller J, Gaustad P, Gonzalez
GM, Guarro J, Lass-Fl6rl, Lockhart SR, Meis JF, Moore CB, Ostrosky-Zeichner L, Pelaez T,
Pukinskas SRBS, St-Germain G, Szeszs MW, Turnidge J. 2013. Interlaboratory variabiliy of
caspofungin MICs for Candida spp. Using CLSI and EUCAST methods: should the clinical
laboratory be testing this agent? Antimicrob Agents Chemother 57:5836-42.

Page 9 of 29

Downloaded from https://journals.asm.org/journal/aac on 08 July 2021 by 41.169.119.71.



(19)
.C
=
O
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
O
=

Chemotherapy

Chemotherapy

545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574

575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

Pfaller, M.A., Diekema, D.J., Jones, R.N., Castanheira,M. 2014. Use of anidulafungin as a
surrogate marker to predict susceptibility and resistance to caspofungin among 4,290 clinical
isolates of Candida by using CLSI methods and interpretive criteria. J Clin Microbiol, 52:
3223-3229.

Berkow EL, Lockhart SR, Ostrosky-Zeichner L. 2020. Antifungal Suceptibility Testing: Current
Approaches. Clin Microbiol Rev 33: e00069-19

Hager CL, Larkin EL, Long L, Zohra Abidi F, Shaw KJ, Ghannoum MA. 2018. In Vitro and In Vivo
Evaluation of the Antifungal Activity of APX0O01A/APX001 against Candida auris. Antimicrob
Agents Chemother 62:€02319-17.

Molly SF, Kanyama C, Heyderman RS, Loyse A, Kouanfack C, Chanda D, Mfinanga S, Temfack
E, Lakhi S, Lesikari S, Chan AK, Stone N, Kalata N, Karunaharan N, Gaskell K, Peirse M, Ellis J,
Chawinga C, Lontsi S, Ndong JG, Bright P, Lupiya D, Chen T, Bradley J, Adams J, van der Horst
C, van Oosterhout JJ, Sini V, Mapoure YN, Mwaba P, Bicanic T, Lalloo DG, Wang D,
Hosseinipour MC, Lortholary O, Jaffar S, Harrison TS for the ACTA Trial Study Team. 2018.
Antifungal combinations for treatment of cryptococcal meningitis in Africa. N Engl Med
378:1004-1017

Healey KR, Kordalewska M, Jiménez Ortigosa C, Singh A, Berrio I, Chowdhary A, Perlin DS.
2018. Limited ERG11 Mutations Identified in Isolates of Candida auris Directly Contribute to
Reduced Azole Susceptibility. Antimicrob Agents Chemother 62:e01427-18.

Escanddn P, Chow NA, Caceres DH, Gade L, Berkow EL, Armstrong P, Rivera S, Misas E,
Duarte C, Moulton-Meissner H, Welsh RM, Parra C, Pescador LA, Villalobos N, Salcedo S,
Berrio I, Vardn C, Espinosa-Bode A, Lockhart SR, Jackson BR, Litvintseva AP, Beltran M, Chiller
TM. 2019. Molecular Epidemiology of Candida auris in Colombia Reveals a Highly Related,
Countrywide Colonization With Regional Patterns in Amphotericin B Resistance. Clin Infect
Dis 68:15-21.

Bing J, Hu T, Zheng Q, Mufoz JF, Cuomo CA, Huang G. 2021. Experimental evolution
identifies adaptive aneuploidy as a mechanism of fluconazole resistance in Candida auris.
Antimicrob Agents Chemother 65:01466-20.

Mufioz JF, Welsh RM, Shea T, Batra D, Gade L, Howard D, Rowe LA, Meis JF, Litvintseva AP,
Cuomo CA. 2021. Clade-specific chromosomal rearragements and loss of subtelomeric
adhesins in Candida auris. Genetics 218: iyab029.

Vincent BM, Lancaster AK, Scherz-Shouval R, Whitesell L, Lindquist S. 2013. Fitness trade-offs
resitrict the revolution of resistance to amphotericin B. Plos Biol 11: €1001692

Khan Z, Ahmad S, Al-Sweih N, Joseph |, Alfouzan W, Asadzadeh M. 2018. Increasing
prevalence, molecular characterization and antifungal drug susceptibility of serial Candida
auris isolates in kuwait. Plos One 13:e0195743.

Rhodes J, Abdolrasouli A, Farrer RA, Cuomo CA, Aanensen DM, Armstrong-James D, Fisher
MC, Schelenz S. 2018. Genomic epidemiology of the UK outbreak of the emerging human
fungal pathogen Candida auris. Emerg Microb Infect 7:43-43.

Page 10 of 29

Downloaded from https://journals.asm.org/journal/aac on 08 July 2021 by 41.169.119.71.



Antimicrobial A

Anfimicrobial A

(19)
=
6
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Chemotherapy

Chemotherapy

594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611

34.

35.

36.

37.

38.

Martel CM, Parker JE, Bader O, Weig M, Gross U, Warrilow AG, Rolley N, Kelly DE, Kelly SL.
2010. Identification and characterisation of four azole-resistant erg3 mutants of Candida
albicans. Antimicrob Agents Chemother 54:4527-4533

Branco J, Ola M, Silva RM, Fonseca E, Gomes NC, Martins-Cruz C, Silva AP, Silva-Dias A, Pina-
Vaz C, Erraught C, Brennan L, Rodrigues AG, Butler G, Miranda IM. 2017. Impact of ERG3
mutations and expression of ergosterol genes controlled by UPC2 and NDT80 in Candida
parapsilosis azole resistance. Clin Microbiol Infect 23:575.e1-575.e8.

Niimi K, Maki K, lkeda F, Holmes AR, Lamping E, Niimi M, Monk BC, Cannon RD. 2006.
Overexpression of Candida albicans CDR1, CDR2, MDR1 does not produce significant
changes in echinocandin susceptibility. Antimicrob Agents Chemother 50:1148-1155.

Perlin DS. 2015. Mechanisms of echinocandin antifungal drug resistance. Ann N Y Acad
Sci 1354:1-11.

Kean R, Ramage G. 2019. Combined antifungal resistance and biofilm tolerance: the global
threat of Candida auris. Msphere 4:e¢00458-19.

Page 11 of 29

Downloaded from https://journals.asm.org/journal/aac on 08 July 2021 by 41.169.119.71.



Antimicrobial A

(19)
=
6
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Antimicrobial Agents ana

Chemotherapy

Chemotherapy

612  Table1: Demographic and clinical characteristics of cases with C. auris infections, 2016-2017

613 (n=344)
Demographic and clinical features (N) n (%)
Median age (IQR), years 53 (34-64)
Sex (n=340)
Male 215 (63)
Female 129 (37)
Province (n=344)
Gauteng 327 (95%)
Other province 17 (5%)
HIV status and CD4 count (n=42)
HIV-seropositive 10 (24)
Patients with known CD4 counts 4 (10)

(CD4 count range, 19-86 cells/pl)
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614 Table 2: Antifungal susceptibility of 400 South African C. auris bloodstream isolates, 2016-2017

Antifungal Test Number of isolates with MIC (ug/ml) of:

agent method 0015 003 006 0125 025 05 1 2 3 4 8 12 16 32 64 128 256 MIC,  MIC,  MiCrange % resistant
Itraconazole BMD 3 54 204 122 12 3 2 0.12 0.25 0.03-2 0
Voriconazole BMD 3 8 18 52 121 141 55 1 1 0.5 2 0.03-8 0
Posaconazole BMD 26 91 156 104 19 3 1 0.06 0.12 0.015-1 0
Fluconazole BMD 3 s 31 58 8 110 110 128 256 4256 90
Caspofungin BMD 5 21 198 131 26 12 3 2 2 0.06 0.25 0.015-16 -
Micafungin BMD 2 12 198 159 14 8 4 1 1 1 0.06 0.12 0.015-8 0.5
Anidulafungin BMD 2 4 95 232 54 7 5 1 0.12 0.25 0.015-2 0
Flucytosine BMD 2 79 256 57 4 1 1 0.12 0.25 0.015-2 0
Amphotericin B BMD 1 23 269 104 3 1 2 0.25-4 27
Micafungin Etest 2 0.5
Amphotericin B Etest 14 4 9 28 122 145 55 15 2 4 1 0.38 1 0.015-8 6

615 BMD: broth microdilution; MIC: minimum inhibitory concentration; *tentative breakpoints: itraconazole and voriconazole >2 pg/ml; fluconazole 232 pg/ml; micafungin and
616 anidulafungin >4 ug/ml; amphotericin B >2 pg/ml. Resistant isolates are highlighted in bold.
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617  Table 3: Antifungal resistance and susceptibility across different C. auris clades (n=92)

Clades n (%)
Resistance and susceptible C. auris isolates
Clade | Clade Il Clade IV
Resistant isolates (n=84)
Fluconazole 1(8) 60 (77) 1(50)
Amphotericin B 0 1(1) 0
Micafungin 0 0 0
Fluconazole, amphotericin B 12 (92) 7(9) 0
Fluconazole, amphotericin B, micafungin 0 2(3) 0
5 Susceptible (n=8)
c Fluconazole 0 0 0
E Amphotericin B 0 0 0
c E Micafungin 0 0 0
8.) 9 Fluconazole, amphotericin B 0 0 0
<{ o Fluconazole, amphotericin B, micafungin 0 7 (10) 1(50)
o} _-Ca Total # of isolates (n=92) 13 (14) 77 (84) 2(2)
o £ 618
g —C‘D 619
= O
£
= 620
c
<

621 Figure 1: Distribution of known drug mutations within the ERG11 (n=5; Y132F, VF125AL, K117R, N335S, E343D), MRR1 (n=1; N647T) and TAC1b (n=3;
622  S195G, A651P, A657V), FKS1HP1 (=1; S639P), and ERG3 (n=1; S58T) genes in 92 C. auris isolates. ERG11, MRR1 and TAC1b mutations are associated with
623  fluconazole resistance, FKS1 mutations with echinocandin resistance and ERG3 mutations with ampbhotericin B resistance.
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Figure 1: Distribution of known drug mutations within the ERG11 (n=5; Y132F, VF125AL, K117R, N335S, E343D), MRR1 (n=1; N647T) and TAC1b (n=3; S195G, A651P,
A657V), FKS1HP1 (=1; S639P), and ERG3 (n=1; S58T) genes in 92 C. auris isolates. ERG11, MRR1 and TAC1b mutations are associated with fluconazole resistance,
FKS1 mutations with echinocandin resistance and ERG3 mutations with amphotericin B resistance.
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