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Identification and Antifungal Drug Susceptibility Pattern of
Candida auris in India
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Introduction: Candida auris has turned up as a multidrug-resistant nosocomial agent with outbreaks reported worldwide. The present study
was conducted to evaluate the antifungal drug susceptibility pattern of C. auris. Methods: Isolates of C. auris were obtained from clinically
suspected cases of candidemia from January 2019 to June 2021. Identification was done with matrix-assisted laser desorption/ionization-time
of flight (MALDI-TOF) and panfungal DNA polymerase chain reaction (PCR), followed by sequencing. Antifungal susceptibility testing was
performed with broth microdilution method. Results: Out of 50 isolates C. auris, 49 were identified by MALDI-TOF and one isolate was
identified with panfungal DNA PCR followed by sequencing. For fluconazole, 84% (n =42) isolates were found to be resistant and 16% (n = 8)
isolates were susceptible (minimum inhibitory concentrations [MICs] range 0.5-16). Posaconazole exhibited potent activity, followed by
itraconazole. For amphotericin B, only 6% (n = 3) isolates were resistant with MICs >2 pug/mL. Only 4% (n = 2) isolates exhibited resistance
to caspofungin. No resistance was noted for micafungin and anidulafungin. One (2%) isolate was found to be panazole resistant. One (2%)
isolate was resistant to fluconazole, amphotericin B, and caspofungin. Conclusion: Correct identification of C. auris can be obtained with the
use of MALDI-TOF and sequencing methods. A small percentage of fluconazole-sensitive isolates are present. Although elevated MICs for
amphotericin B and echinocandins are not generally observed, the possibility of resistance with the irrational use of these antifungal drugs
cannot be denied. Pan azole-resistant and pan drug-resistant strains of C. auris are on rise.
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the ear of a Japanese patient with external otitis in 2009, many
reports of hospital outbreaks and IFI caused by Candida auris
(C. auris) have been described in at least 44 countries across
six continents. Crude mortality rates are varied but have been
reported to be as high as 66%.1

In 2016 and 2017, the Centers for Disease Control and
Prevention (CDC) released a couple of clinical alerts to

INTRODUCTION

Candida spp. infections are commonly associated with
morbidity and mortality in critically ill patients.l'! A wide
range of clinical manifestations, including bloodstream
infections (BSIs), intra-abdominal candidiasis, deep-seated
candidiasis, and superficial infections are caused by Candida
spp.lY Infections caused by Candida spp. have gradually

increased over the last decades. This is associated with
the increasing rate of invasive procedures, the extensive
use of broad-spectrum antimicrobials agents as well as
frequent immunocompromised status of critically ill
patients.” Even though Candida albicans is a predominant
cause of hospital-acquired fungal infection, several species
of nonalbicans Candida namely Candida tropicalis, Candida
glabrata, Candida parapsilosis, and Candida krusei account
for increasing incidence of invasive fungal infections (IFIs)
with high rates of therapeutic failure.l?! Since its isolation in
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warn the emergence of C. auris infections.®) In 2019, in
the Report on Urgent Threats from the CDC, C. auris was
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again categorized as one of the main urgent threats, together
with other multidrug-resistant nosocomial organisms.! An
advisory note was released by the Indian Institute of Medical
Research (ICMR) to ensure active surveillance of this
species in Indian hospitals.t) Diagnosis and antifungal
susceptibility testing (AFST) of C. auris are a challenge.
C. auris can be misidentified as Candida haemulonii, Candida
duobushaemulonii, Candida lusitaniae, Candida sake, and
Rhodotorula mucilaginosa by commercial identification
systems.[! Automated susceptibility testing methods give
misleading minimum inhibitory concentrations (MICs), thus
overestimating resistance.’®! Existing breakpoints for the broth
microdilution (BMD) method, which is recommended by
the Clinical and Laboratory Standards Institute (CLSI), are
defined based on expert opinion.'¥ There are limited studies
about the drug resistance profile of C. auris in India. Therefore,
the present study was conducted to study the antifungal drug
susceptibility pattern of C. auris by BMD method.

MeTtHoDS

The present cross-sectional study was carried out with 50
isolates of C. auris obtained from clinically suspected cases
of candidemia between January 2019 and July 2021. Approval
from an independent ethics committee (Conscience Independent
Ethics Committee; Protocol ID MHL/Mol/2021/05) was
obtained with a waiver on the patient’s consent. The study was
conducted as per an approved study protocol.

Identification by culture methods

All Candida spp. isolates, from various clinical
specimens (n = 5131) underwent standard mycological
procedures, including isolation on Sabouraud dextrose
agar with chloramphenicol (0.5 g/100 mL) and
gentamicin (0.3 g/100 mL) (HiMedia, Mumbai, India),
species identification on DifcoTM CHROMagar Candida
medium (Becton Dickinson and Co., Baltimore, MD, USA).
The results were read visually.

Identification by commercial systems

All Candida spp. isolates (n = 5131) underwent testing
on VITEK MS v. 3.0 (bioMérieux, France), an automated
mass spectrometry microbial identification system that uses
matrix-assisted laser desorption/ionization-time-of-flight mass
spectrometry (MALDI-TOF MS) technology either using the
Food and Drug Administration (FDA)-approved IVD v3.2 or
“research use only” libraries.

Target sequence analysis of the 28S rRNA gene and
internal transcribed spacer region

Genomic DNA was extracted from test isolate using a QlAamp1
DNA Mini Kit (QIAGEN, Hilden, Germany). DNA was
amplified and sequenced on 3500DX Analyser (ThermoFisher
Scientific, Massachusetts, USA) using internal transcribed
spacer (ITS) and 28S rRNA primers, which amplify the ITS
region and the D1/D2 domain of the large ribosomal subunit
of the 28S rRNA gene. The sequences were aligned and then

run through GenBank Basic Local Alignment Search Tool
searches for species identification.

Antifungal susceptibility testing

All isolates confirmed as C. auris were subjected to AFST by
the CLSI-recommended BMD method for azoles (fluconazole,
voriconazole, posaconazole, and itraconazole), amphotericin
B, and echinocandins (caspofungin, micafungin, and
anidulafungin). Breakpoints were defined based on expert
opinion as released by the US CDC in October 2017 and
modified in April 2019 as mentioned in table 1.9 Quality
control was performed as per standard operating protocol
using Candida parapsilosis ATCC 22019 and Candida krusei
ATCC 6258. The MIC distributions was spread over 11
dilutions (0.008, 0.015, 0.03, 0.06, 0.12, 0.25, 0.5, 1, 2, 4,
8) for fluconazole voriconazole, itraconazole, posaconazole,
caspofungin, and micafungin. The MIC distributions spread
over 10 dilutions for anidulafungin (0.015, 0.03, 0.06, 0.12,
0.25,0.5,1, 2,4, 8) and 7 dilutions for amphotericin B (0.12,
0.25,0.5,1, 2, 4, 8).

ResuLts

Out of 5131 Candida spp. isolates, 50 (0.97%) isolates were
of C. auris, 49 were identified by MALDI-TOF MS with
99.9 confidence value and one isolate was identified with
panfungal DNA polymerase chain reaction (PCR) followed
by sequencing (Gene bank accession number MH549191.1)
with 99.25% identification. Out of 50 C. auris isolates,
43 (86%) were isolated from blood, 4 (8%) from urine, 2 (4%)
from tissue, and 1 (2%) was isolated from pus specimen. All
50 C. auris isolates were tested for AFST by BMD against
eight antifungals fluconazole, voriconazole, itraconazole,
posaconazole, amphotericin B, caspofungin, micafungin, and
anidulafungin. MIC distribution, Modal MICs, Geometric
Mean (GM), MIC range, MIC 50, and MIC 90 are shown
in tables 2 and 3. Among the azoles, posaconazole (GM
0.05 ug/mL) exhibited the most potent activity, followed by
itraconazole (GM 0.14 ug/mL). Considerably, 84% (n = 42)
of isolates exhibited resistance to fluconazole with MICs
between 32 and >64 pug/mL. Significantly, 16% (n = 8) isolates
were susceptible to fluconazole with MICs between 0.5 and

Table 1: Tentative minimum inhibitory concentration
breakpoints of Candida auris by Centers for Disease
Control and Prevention

Antifungal drug Tentative MIC

breakpoints (ug/mL)

Fluconazole >32
Voriconazole and other second generation NA
triazoles

Amphotericin B =2
Anidulafungin >4
Caspofungin >2
Micafungin >4

MIC: Minimum inhibitory concentration, NA: Not available
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Table 2: Minimum inhibitory concentration distribution of Candida auris isolates against antifungal drugs tested (n=50)

Drug <0.015 0.032 0.064 0.125 0.25 0.5 1 2 4 8 16 32 =64
Fluconazole 1 1 1 1 1 3 8 34
Voriconazole 1 3 14 10 6 5 3 3 3 2
Itraconazole 8 9 15 11 3 2 1 1
Posaconazole 14 13 11 7 1 1 1 1 1
Amphotericin B 1 3 16 25 2 2 1
Caspofungin 9 7 7 25 1 1
Micafungin 1 2 17 20 8 1 1
Anidulafungin 1 1 4 19 10 14 1

- . .. o MALDI-TOF MS (bioMérieux, France); however, one isolate
Table 3: Geometric mean and minimum inhibitory . S . . S
concentrations distribution of antifungal drugs for remained unidentified which was st.lbjected to 1d<?nt1ﬁcat10n b.y
Candida auris (n=50) panfupgal DNA PCR and sequencing. Sequencing of g.enetlc

loci, including D1/D2, RPB1, RPB2, and ITS domains of

Drug *GM Range 'MICS0  "MICS0  the rRNA, remains the gold standard for the identification of
Fluconazole 42.81368 0.5->64 64 64 C. auris, but it is not used as a routine diagnostic procedure
Voriconazole 0.50794  0.032-264 0.25 4 and is unlikely to be available outside reference laboratories.'*!
Itraconazole 0.14475 0.032-32 0.125 0.5 However, more recent development of PCR assays specific for
Posaconazole 0.05441 <0.015-32 0.032 0.125 C. auris and for C. auris-related species could prove useful,
Amphotericin B 0.41774 0.064-8 0.5 0.5 particularly in outbreak situations.'"!
Caspofungin 0.53589 0.125-4 1 1
Micafungin 0.10820 <0.015-1 0.125 0.25 Based on a recent review by Lockhart, resistance is the new
Anidulafungin 0.20429 <0-1 0.125 0.5 norm for C. auris with a minority of clinical isolates displaying

*GM: Geometric mean, "MIC: Minimum inhibitory concentration

16 ug/mL. For itraconazole, a modal MIC of 0.125 ug/mL
was noted and 8% (n = 4) had an MIC range of 1-32 ug/mL.
For amphotericin B, 94% (n =47) of isolates were susceptible
and 6% (n = 3) isolates had MICs >2 ug/mL, indicating
resistance. No resistance was observed for micafungin
and anidulafungin. Micafungin and anidulafungin MICs
distribution spanned within + 3 2-fold dilution of the modal
MIC (0.125 pg/mL). Among echinocandins, modal MICs
of micafungin, anidulafungin, and caspofungin were 0.125,
0.125, and 1 ug/mL, respectively. Caspofungin resistance was
observed in 4% (n =2) isolates. One (2%) isolate was panazole
resistant. One (2%) isolate was resistant to fluconazole,
amphotericin B, and caspofungin (Table 4).

Discussion

Correct identification of C. auris is a major diagnostic
challenge. Due to close genetic relatedness with Candida
haemulonii complex, C. auris is often misidentified as Candida
haemulonii in routine diagnostic laboratories.”’ Commercially
available biochemical-based tests, including APT AUX 20C,
VITEK-2 YST, BD Phoenix, and MicroScan also misidentify
C. auris as a wide range of Candida spp.!'” Studies conducted
by Kordalewska et al., Hata et al. and Kathuria et a/. affirmed
the suitability of MALDI-TOF MS as a more facile approach for
C. auris confirmation.!""'* Notably, the US FDA had approved
the BRUKER MALDI Biotyper CA system and the bioMérieux
Vitek MS for C. auris identification.l'" In the present
study, we could correctly identify 49 isolates as C. auris by

antifungal susceptibility.['!) Resistance has been observed
across all main classes of antifungals, with a significantly high
proportion of isolates being reported as multidrug-resistant.
Epidemiological cut-off values for C. auris do not exist.
Only the interim tentative breakpoints proposed by CDC are
available.”! Most notably, C. auris is frequently associated
with high levels of fluconazole resistance, with multiple
studies reporting over 90% of isolates nonsusceptible to
fluconazole.'™ ! Studies from India had shown susceptibility
of 9.1% (1/11) and 9.71% (34/350) for fluconazole.®2"
However, regarding voriconazole, variable susceptibility
patterns have been reported in previous studies in a limited
number of isolates.[!*171921-241 A study from Colombia
observed that only 23% (4/17) isolates were nonsusceptible
to voriconazole (MICs >2 ug/mL)!') whereas all C. auris
isolates reported from Spain (n = 8) and Venezuela (n = 18),
had voriconazole MICs >2 ug/mL.['#251 Of particular note,
elevated MICs for itraconazole and posaconazole were not
documented.['?*2¢] Consistent with the previous findings, in
the present study, 84% (42/50) of isolates were resistant to
fluconazole. For voriconazole, itraconazole, and posaconazole
only 22% (11/50) isolates had MIC >2 ug/mL. It was
suggested that high fluconazole resistance could be related
to the fact that majority of tested isolates were from highly
fluconazole-resistant South Asia clade, and significant number
of fluconazole susceptible isolates are still present, especially
within the East Asia and South American clades.'®!72 In
contrast to earlier reports, recent reports from India have
documented few isolates susceptible to fluconazole.®2%%1 In
the present study, we found 16% (n = 8) isolates susceptible
to fluconazole (MICs Range 0.5-16). These significant
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Table 4: Distribution of Candida auris isolates exhibiting
multidrug resistance

Resistance type

Number of isolates (%)

Fluconazole + Amphotericin B 2(4)
Fluconazole + Caspofungin 1(2)
Fluconazole + Amphotericin B+Caspofungin 1(2)
Fluconazole + Voriconazole 5(10)
Pan Azole 1(2)

fluconazole susceptible isolates could indicate that either
resistance can be lost or that new clones are emerging.['%

Although resistance to amphotericin B is not as common as
fluconazole, it is reported variably from 0%—30%.[7-1825] In
accordance with these findings, we observed amphotericin
B resistance rate of 6% (3/50) among our C. auris isolates.
The higher MIC values to amphotericin B for C. auris are not
generally observed as those are seen for other species in the
Metschnikowiaceae family, with most resistant isolates being
in the 2-4 pg/mL range.!' It has been also suggested that
amphotericin B resistance is inducible and transient; the MIC
values of some isolates decrease following serial passage.!'s) A
widespread fluconazole resistance and variable amphotericin B
resistance has been documented, but echinocandin resistance
is not as common. 317182123241 The first echinocandin-resistant
isolates were reported in 201501 and then after few reports
documenting echinocandin resistance were published.!720-2427]
In the present study, 4% (n = 2) isolates were found to be
resistant to echinocandin caspofungin. Comparable levels of
resistance (2% and 7%, respectively) were reported for C. auris
isolates collected in India (10 hospitals) and by the CDC (from
hospitals in Pakistan, India, South Africa, and Venezuela).!'2"!
Although echinocandin-resistant isolates are relatively rare,
they are a significant proportion of some populations of
C. auris and there is a possibility that echinocandin resistance
will rise in regions where they are available, as echinocandins
are drug of choice for C. auris infections.l'® A combination
therapy of an echinocandin and liposomal amphotericin B is
widely advised in cases not responding to echinocandins, as
synergistic interactions have a better efficacy.”® Three cases
of pan-resistant C. auris with resistance to all three classes of
commonly prescribed antifungal drugs have been reported in the
US.2I Chowdhary et al. also reported 14 (4%) panazole-resistant
C. auris isolates in India.”?” In the present study, we observed
one (2%) panazole-resistant isolate and one (2%) isolate resistant
to fluconazole, amphotericin B, and caspofungin. Although the
overall numbers of pan-resistant cases reported so far are few,
it is an alarming signal as C. quris infections are associated
with limited treatment options, high mortality rates, and easy
transmissibility in healthcare facilities. Even though C. auris
is a multidrug resistant, all C. auris isolates should undergo
AFST according to CLSI guidelines, as levels of antifungal
resistance can vary widely across isolates.”? AFST is therefore
of utmost importance for in patients with clinically suspected or
laboratory-confirmed IFI, when acquired resistance is suspected,

or in patients with refractory, relapsing, or breakthrough fungal
infection. Patients should be closely monitored and followed
up, and microbiological culture-based reassessment is essential
to detect the therapeutic failure and possible development of
resistance by molecular methods if required.*® The development
of antifungal stewardship programs is essential for an adequate
and early treatment and thus consequently to make the
emergence of antifungal resistance less likely. With the alarming
emergence of antifungal resistance, there is an increasing and
urgent need for the development of new antifungal therapies.

The limitation of this study should be noted. We did not
study in vivo clinical responses which limited reliability of
in vitro antifungal susceptibility results as there might be a
gap between in vitro susceptibility/resistance results and the
clinical outcome. Molecular resistance determinant analysis of
C. auris isolates was not performed, which could have helped
in understanding the mechanisms of resistance.

CONCLUSION

Correct identification of C. auris is a major diagnostic
challenge which can be overcome with the use of MALDI-TOF
MS and sequencing methods. Although a high number of
C. auris isolates are fluconazole resistant, a small percentage
of fluconazole sensitive isolates are also present. Elevated
MICs for amphotericin B and echinocandins were not noted
in majority of isolates, the possibility of resistance with the
irrational use of these antifungal drugs cannot be denied. Pan
azole-resistant and pan drug-resistant strains are on rise and
may continue to emerge independently, simultaneously, and
rapidly throughout the world in coming years. Correct pathogen
identification, continuous evaluation, and judicious use of
antifungal drugs are of utmost importance to control the spread
and improve diagnostic and therapeutic strategies of C. auris.
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