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Candida auris: The First Resistant Candida
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Abstract

Candida auris has recently emerged as a multidrug-resistant causative agent of blood-
stream and invasive nosocomial infections. With most resistant to fluconazole (empiric treatment
for candidemia), resistance to two or more antifungal drug classes especially amphotericin B
(major drug used for treatment for rare yeast species), and echinocandins (recently developed
for treatment Candida infection) deter the effective treatment with high rate of mortality. Unlike
C. albicans and other Candida species, once a case of C. auris has occurred, the yeast may
colonize on the human body for several weeks. It has high potential of transmission to other
patients and surrounding environments, then, causing a nosocomial infection outbreak. Thus,
early detection in the healthcare service is a key importance not only for providing the most
suitable for patient management but also for prompt management of infection prevention and
control (IPC). Report cases in many continents and hospital outbreak with supportive evidences
of transmission among patients and environment have alert global healthcare settings to perform
surveillance using an accurate identification by sequencing (ITS or D1/D2) or MALDI-TOF MS
as recommended by the US CDC and other health authorities. Uncareful identification, C. auris
is often misidentified as C. haemulonii as well as other species of Candida. Although, no case
has been reported yet in Thailand, a watchdog system is required to avoid unwanted dissemina-
tion and outbreak of nosocomial C. auris infection. We are facing an emerging novel patho-
genic yeast (rare yeast species) with aggressive multidrug resistance to antifungals. Therefore,
it is the time to revise and maximize the laboratory method of identification to assure accurate
results from the clinical laboratories. In this review, we hightlight the incidence, characteristics,

pitfall identification, as well as antifungal resistance of C. auris.
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82.4 Ay dudduiud ITS veamswus
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CBS10099 (AB118791) 3evaz 81.4, uaz C.
heveicola CBS10701 (EU284101) 5owaz 81.3
LﬁaﬂUﬂ]uNaﬂﬁﬂﬂ’daUIﬂﬂ conventional
phenotypic technique Wu1 (1) L‘ﬂ%mﬁ 42
parLsaLsud e wan C. haemulonii, C.
pseudohaemulonii waz C. heveicola (2) i
assimilate uMdIMSUOUNININ galactose,
L-sorbose, cellobiose, L-arabinose, ethanol,
glycerol, salicin uay citrate vhl¥ienaan C.
ruelliae (3) liia5a pseudohyphae vl#enan
C. haemulonii, C. pseudohaemulonii uac
C. ruelliae wa@ananyly Satoh uazamz"
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AMsAunVINnou ualaNuade Candida
species unzunlfnndoayisliidon C. auris
(auris MenazAuudainm)
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AndnuLiidNn C. albicans™™ 1314173239
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lonii, C. duobushaemulonii, C. pseudohaemu-
lonii, C. ruelliae waz Candida species folif
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trehalose (weak) 'ld ferment {i:mm galactose,
maltose, lactose tta raffinose] [(assimilate
glucose, sucrose, maltose, D-trehalose,
D-raffinose, D-melezitose, inulin (weak),
soluble starch, ribitol (weak), galactitol,
D-mannitol, sorbitol tLag citrate) (Vlli assimilate
D-galactose, L-sorbose, D-cellobiose, lactose,
melibiose, D-xylose, L-arabinose, D-arabinose,

methanol, ethanol, glycerol, erythritol,

Agaad auANlY tazame

a-methyl-D-glucoside, salicin, D-gluconate,
DL-lactate, succinate, inositol, hexacane,
2-keto-D-gluconate taz xylitol)] sl
Tulastauduunaandaany [(1¥ ammonium
sulfate, cadaverine ttaz L-lysine) (llﬂ% sodium
nitrite, potassium nitrite Lo ethylamine)] i
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vea C. albicans $u TWsAuniierdesly
ATTVIUMTVDIUFASUASLNUNUDATN (amino
acid, oligopeptide Loz metabolic transporters)(]g)
%4 Candida relsal¥lumasuiliegsonldlu
danadeniinannare®” Wsiuiifedeady
A3¥UIUMS signal transduction toulwi{ily
Glummf‘ngm'fﬁaﬁ (%1 proteinases, lipases ta
phospholipases uaﬂmnﬁus‘hwu ion transporters,
adhesions, secreted aspartyl proteases,
mannosyl transferases, MADS-box az STE
(serine/threonine enzyme) related proteins
GTédm%LﬂuﬂafinJmmqumﬂunwﬁakmaq C.
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Nuenlaludl w.ea. 2552 2556 2557 2558 wams
Jinneitaivayun C.auris Wuisogialmi'®
uennil US CDC lafntanuvain
nanemadlundonarduiuanadlun (whole
genome sequence, WGS) lagl¥i¥o C. auris
47 Tolgan MUY W.A. 2555-2558
= a =) 4
annthadgau Bude wenimld waztugea
namMIIATIZHANNENRUS (phylogenetic tree)
o o X gy oA v X A
annsadaduunweladiu 4 ngu Aengduienin
IS 4 a =) ) 1 ‘g{ li'
nnewuld Euiay thadgaw) agueiisnan
= 4 1 g ‘i‘ a 4
wor3mld nguieinnewsImIA (iuyean)
L X 2 o . Sy 2
uazngueninnneeaziuesn (YUu) 9
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anuduiuimaalulndveusenianguain
szna Fdun@ennnnauazlszmaianu
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wanaramadlundinanenezdaveiduauas
! o v X 4 A o o 4
gy assfiutnuennNnlszmedelfualulng
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. d y g
C. auris MululszmaAreanuey Manuan
Tsawenviat@edfu (Uszinadangy) 1iea1a
Tsanerviany Buwae) 131921935 1la 1w
AFLP® %119 MLST (multilocus sequence
typing) uaz MALDI-TOF MS (matrix-assisted
laser desorption ionization-time of flight mass
spectrometry)® ITS uaz MALDI-TOF MS
(matrix-assisted laser desorption ionization-
time of flight mass spectrometry)® fl¥inadus
s @ v & A W 1 g
veamsdaanudiusvisedanduie (cluster) Tu
a a @ ) wa 4 é’ 1
dnvauziaediu agdlahetiamsalveseluudas
szmaiadueslusisnaladidssfiuuaziiu

Wy clonality(s’ 81019

msiadui¥e C. auris wazdoonda
3181U%03 Satoh wazamz fuga
Guduiiliialannsuinis conventional
phenotypic technique hignnsediladeise C.
(1

auris'” Us1uiaainhazinsInafeia

nanannenuenlalugiall w.a. 2552-2558
Y o g aa Y 9: v ad o as
I,LazvlﬂlﬂL"HI’JNTJ‘IH]QEJ%W@'JEJ'JﬁVI']Eﬂﬂ‘UL1Jﬁ ITS
3o D1/D2 59 MALDI-TOF MS“™ #1217
18, 38) aa o o I o q¥ a o
Nﬁﬂ'lﬁ')u‘ﬂﬂﬂﬂ\‘lﬂa'nﬂﬂﬁLﬂﬂﬂ')'lll"]fﬂLfﬂ‘Ll
imsnadevlangds conventional phenotypic
. Y A= A A o wa
technique MaNiuyanadeurseLAToIdaAlLIRA
wmlimitduwe C. auris Ranwaailu C.
haemulonii, C. famata, C. catenulata, C. sake,
C. lusitaniae, C. guiliermondii, C. parapsilosis,
C. tropicalis, C. albicans, Rhodotorula

. (-
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MALDI-TOF MS iflumaiaiil¥msg
anginllysAu egliudl 2 platforms [MALDI
Biotyper (Bruker, Billerica, MA) taz VITEK
MS (bioMérieux)] ﬁzd 2 platforms ﬁﬁm"’i’iau‘,a
2 ytialviaenld Ao FDA-approved library was
research-use-only library (RUO) S HREGE
MALDI-TOF MS asiianuhuazanuuaiue
lumsifedoFedadmemsunnd®® *Y mansa

o

319d® non albicans Candida Wwurelsntey
@85z species™!

Mizusawa wazamz®? 1dviiang
validate 1A3p38alusiA (API 20C AUX, BD
Phoenix, Vitek 2 system, a2 MicroScan) uay
\#399 MALDI-TOF MS Tntl¥i¥e C. auris
wazieniianilndsa (C. haemulonii waz C.
duobushaemulonii) Wan13 validate Lﬂéad
daludid wunlimitate C. auris Aawaa
il C. haemulonii ¥5e Candida species
faueaalu Table 1 wazihlvinsiuihmsidasdona
iAnnninsessaluiiabifignidenaie C. auris
uenIINTLATe APT20C AUX uaz MicroScan
é’l’d‘lJ”lﬂ‘il’E):Jva C. haemulonii waz C. duobush-
aemulonii @1 Vitek 2 system waz BD
Phoenix Gln@ﬁjjau”av’%ﬂ C. duobushaemulonii

lwhueadeaiu FDA-approved library
499 MALDI-TOF MS 14 2 platforms #1sifi
gmﬁ’fauﬂm%a C. auris uazlicansaiiisdu
v

Yoyaldon Tuvauzil RUO library (Hupiudexa

] '
] a

fiensauiuduiioUfugudeyals Simsidede
1% RUO library #igebildsuiugudeyauos
o C.auris fo2il% MALDI-TOF MS 3iiad
C. auris Aanaasuiu®? (Table 2)

NaNUIToUp9 Mizusawa wazamus®”

Agaad auANlY tazame

¥ niumsls MALDI-TOF MS #ifade
foamilanene 1) Wel¥ MALDI Biotyper

e S e

godlsmsanallsavlurasanaasauuy full-tube

extraction (ethanol-formic extraction) 219735

msafalagasauuuiuaia (matrix) 1ilac?

2) uenan C. auris wd? VITEK MS #9831

lumsIdedewe C. duobushaemulonii 19gWy

a o

MifaduAanananaiesas 67 (Table 2) Hau3de

o

d' Yas s 1 . .
naauaslsismadfiaunediu (partial extraction

method) Welvidedu waznuhliinaliadeiye

@ udgdendalainy
adé’

2 a o <g v o
unaNuANNAnlFMsaiamuIsi

C. auris 'lAAuazgndea

HnATeannmaItiate C. auris Ao
3% PCR 1091% primers [CauF 5 CGCACATT-
GCGCCTTGGGGTA 3'uaz CauR 5’
GTAGTCCTACCTGATTTGAGGCGAC 3 1™
mug lAumsiannmaiiede C. auris uazige
‘*ﬁlﬁmm‘lﬂé’%ﬂ (C. haemulonii, C. duobushae-
mulonii waz C. lusitaniae) #1935 real time
PCR Ta8l¥ primers [CauRelF 5' GCGATAC-
GTAGTATGACTTGCAGACG 3’ uaz
CauRelR 5, CAGCGGGTAGTCCTACCTGA
3194 #y 2 F3nanah¥osar 100 wazAny
JumeFovar 100 lumsitede C. auris uaz

fszduanuly (detection limit) Tumsnsiany

¥ 1

o 10 CFU/reaction taz 1,000 CFU/reaction

(44) s g 2 o= A
BHINdudnvitlamadenuazivang

MUAAY
AuviealIiAMINULAT thermocycler 1130 real
time PCR 8gud?
UBAVIANITIUINYLFBUAY NI
BRIIINGT 1FU MImaduiuavesdu [ITS, D1/
D2, RPB1 (8uuu subunit filvajngaves RNA
polymerase II), RPB2 (8uu subunit ﬁimjlﬂu

oUAUHDIUBY RNA polymerase II)] waznig
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Table 1 Limitation of diagnostic kit and automation for identification of C. auris, C. haemulonii and

C. duobushaemulonii

Misidentification of Misidentification of

Kit/Automate Kit/Automate Ref
C. auris as C. auris as
Vitek C. haemulonii, C. famata, C. haemulonii Vitek, BD Phoenix 2, 3,5-9, 12, 14, 15, 17,
C. lusitaniae 38, 39
APl 20C AUX R. glutinis, C. famata Vitek, API Candida, 4, 8,17, 38, 39
C. sake,unidentified Microscan
AP| Candida C. famata C. lusitaniae Vitek, MicroScan 15, 39
AuxaColor 2 S. cerevisiae R. glutinis API 20C AUX 2,8,7,39
BD Phoenix C. catenulata, C. sake API 20C AUX 4,6, 15
C. haemulonii Unidentified API 20C AUX 15
Microscan C. famata, C. lusitaniae,  S. cerevisiae AuxaColor 2 15
C. guillermondiii, C. catenulata BD Phoenix 18, 38, 39
C. parapsilosis C. guillermondii MicroScan 39
MicroScan Walkaway C. tropicalis C. parapsilosis MicroScan 39
MicroScan autoScan C. albicans C. tropicalis MicroScan Walkaway 17, 38
C. albicans MicroScan autoScan 17,38
Misidentification of e Ref
C. haemulonii* as
R. glutinis API 20C AUX 39
K. ohmeri Vitek 39
Unidentified BD Phoenix 39
C. catenulata MicroScan 39
C. parapsilosis MicroScan 39
Misidentification of
C. duobushaemulonii as Kit/Automate Ref
R. glutinis APl 20C AUX 39
C. haemulonii Vitek 39
C. parapsilosis BD Phoenix, MicroScan 39
C. guillermondii MicroScan 39

* except Vitek and BD Phoenix give the right identification of C. haemulonii®®
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Table 2 Performance of MALDI-TOF MS (Bruker Biotyper VS Vitek-MS) for identification of C. auris,

C. haemulonii and C. duobushaemulonii

No. of isolates/Total isolates (%) with correct identification upon direct or full-tube

extraction and using

Species used

for validation

Bruker Biotyper: library/(extraction method)

Vitek-MS: library/(extraction method)

FDA library®

RUO Iibraryb

IVD library® RUO library®

(direct on-plate

extraction) extraction)

(direct on-plate

(full-tube
extraction)

(direct on-plate (full-tube

extraction) extraction)

C. auris 0/10 (0%)
2/2 (100%)

3/3 (100%)

5/10 (50%)
2/2 (100%)
3/3 (100%)

C. haemulonii

C. duobushaemulonii

10/10 (100%) 0/10 (0%) 10/10 (100%)
Not done 2/2 (100%) 2/2 (100%)
Not done 0/3 (0%) 1/3 (33%)

 Bruker FDA library contains C. haemulonii (12 entries) and C. duobushaemulonii (7 entries)

b Bruker RUO library contains C. auris (3 entries)

° Vitek-MS IVD (in vitro diagnostic), FDA library contains C. haemulonii
9 Vitek-MS RUO library, RUO library contains C. auris and C. duobushaemulonii

adapted from Misuzawa et al*®

anuvimnvianeued i nileng AFLP §aeuen
. g d’d ya 1
C. auris dannnreniaNNlnazalungy
C. haemulonii complex [C. haemulonii, C.
haemulonii var.vulnera, C. pseudohaemulonii |

1,4, 10, 16, 32, 35
( ) way

waz C. duobushaemuloni
. X a4 o4 A
drnsaunen C. auris 99NANLTIYAANLATON
faludalimsitade C. auris Aawaia (C.
lusitaniae, C. guilliermondii, C. albicans, C.
dublinensis, C. tropicalis, C. glabrata, R.
glutinis uac S. cerevisiae)"” ﬁai}“&%ﬁﬂm
fanandanudidaausaiulumsitdaioiye
N g &4 wua . Y X a4 g =
gaafelsanglialvl Tunyedadnelsnnny
laitiew (rare yeast pathogens) ¥isai¥edadnil
AMANYAIZNI phenotype ARIBAUNIN
1 H
Tuvaznviesdfiiamsdrulne§a1435
. . . o A
conventional phenotypic technique ¥39LAT93

daluiialumsitaderedas US CDC #ve

wuzi1 3 madfdade¥enndedansianunain
o . 4 X o s _
muvdsvesemendnann@edszaiau (sterile
site) 18ilw¥e C. haemulonii, C. famata, C.
lusitaniae, R. glutinis Y30 S. cerevisiae W
o aa o 1 % as o as 1
mmndadeaeagIsmimaiauualusiy ITS
¥30 D1/D2 3915 MALDI-TOF MS #iigu
%’auﬂat% C. auris Tu RUO library(46)

Y A % . Y
HonlAsIusIn primers dmiumam

o W

Sfuwavesdy ITS wie DI/D2 awuiiiims
i ielifazendemah U1 lumsifeduie
fauanslu Table 3
dimiuvesdianisludszinalng
dlngjdal¥madanazdia msaia germ tube
wazmMIaig pseudohyphae, chlamydoconidia
VU corn meal agar *50 glutineous rice tween

IS4 a wva e 1 ¥
agar Nﬁﬂ\iﬂ{]ﬂﬂﬂ1iLWﬂ\1U1\1Llﬁﬂcl‘]fslzﬂﬂﬂﬁﬂﬂ
I - A4 o wa \ <
ﬁ'lLi"i]:liﬂﬂiﬂLﬂiﬂQﬂﬂIuNﬂ E]EJ'Nuliﬂﬂﬂ'lﬂNﬁﬂ'ﬁ
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Table 3 Sequencing primers for ITS or D1/D2 gene target

Gene target Primers

Sequences Ref

ITS including 5.8S rRNA ITS-1

5 TCCGTAGGTGAACCTGCGG 3'

52 (cited by ref 4-9, 12-14, 32)

(ITS1-5.8S rRNA-ITS2) TS-4 5 TCCTCCGCTTATTGATATGC 3
[TS includi . RNA ITS-F " GTCGTAACAAGGTTAACCT! '
S including 5.8S r pITS 5" GTCGTAACAAGG CCTGCGG 3 53 (cited by ref 2, 3)
(ITS1-5.8S rRNA-ITS2) pITS-R 5 TCCTCCGCTTATTGATATGC 3
ITS3 5 GCATCGATGAAGAACGCAGC &
ITS2
[TS4 5 TCCTCCGCTTATTGATATGC 3
TS 53, 54 (cited by ref 15)
ITS5 5 GGAAGTAAAAGTCGTAACAAGG 3
ITS1
ITS2 5 GCTGCGTTCTTCATCGATGC 3'
NL-1 5" GCATATCAATAAGCGGAGGAAAAG 3'
55 (cited by ref 2-7, 9, 13, 16, 32)
NL-4 5 GGTCCGTGTTTCAAGACGG &
D1/D2
LSU-1 perfectly identical to NL-1
55 (cited by ref 14)
LSU-2 perfectly identical to NL-4

aa o & e A .
sty C. haemulonii vi39 rare yeast species
M3e Candida species Naage fluconazole 130
.. A &’ 1 :/’ a A o
amphotericin B 15908008113 2 $UA YI9adY
1 < . I~ o ¥ °
oty C. auris AnsHiaudauuzihves
US CDC 1399¢191109A75LANMIATIVAANTO
4y ¥
Wesdu Tagnadeuanudnsaveaselunis
@3N 37 waz 42 edrniraltd uazganyue
Talatluazd@uu CHROMagar Candida 1¥®
C. auris 950N 37 uaz 42 s lvalFod
Trilalatidyuydeu lwvuzh C. haemulonii
TieSeun 42 svmnwalFod ualasnn 37
~ v N = = ¥
peraLtFod 1vlaladdvinneniunazaing

pseudohyphae(l’ 29,17, 32, 35)

X v X X .
MIAYIMNULBOINIVBYD C. auris
IS Y dla &’
uswqm@ﬂ’w 3 F1YULINNAALYD
C. auris lunszuadonuaziia breakthrough

candidemia 32¥1719M55AYIAI8 fluconazole

)

2 Aa 3 = 2 a '3
ULFYBIN 2 918 LLACDNVATIYUNANNANNN

NNy breakthrough candidemia ludnyoue

@#6.10.18) 4§9391 fluconazole 1413 1¢wa

= s
AU
lumssamsaae C.auris Tunszudiens
o3wemelu

a o X i) g
NnIdedseuneuanyhveause

C. auris (5 Wlwan) Ay C. albicans (20
Tolaian) wamsnageuIs CLSI-microbroth
dilution (M27-A3) Wuh C. auris AeAaeviany
YUY (voriconazole, flucytosine wae echino-

4

candins) 1 Telsian Aeroe 2 ﬂtj:ll (voricon-
azole waz amphotericin B) 1 Tolwian was
nn'lelytandode fluconazole""” luvazd
C. albicans navuannadevuhde azoles ua
amphotericin B

Y Y

Aeulanumunanadeunnulives

&' . 1 Qdd‘ A a g
Wo C. auris WuIsn I luunanuanuiianu

viannay U CLSI-microdilution M27-A2,
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M27-A3,M27-S4, E-test, Vitek was Sensititre

(1-10, 12718, 32.36) Fqgnnnazilsouiiion

YeastOne
lutlsziduveannuly (susceptible) visenaen
(resistant) U@ 1ALaAI$1981 MIC (MIC range)
% :l’ ad ° z N d' &I %
wiounadanadey NuIUreuazliueniyela
voaudaznuITouazagdlunngn daudas
1u Table 4
A a s v
NAUNANUANURLATUNNUNIUL I
WU C. auris Avne fluconazole (>%’aﬂa:
90)* ¥ weanszduanulide triazole 1¥u
voriconazole u@a31nA1 MIC >1 ug/mL uaz
MIC90 >8 pg/mL (5evaz 50)7 ¥ uddanadien
MIC fpudnadde azole julvi 13U posacon-
azole (0.06-1 pg/mL) waz isavuconazole
(<0.015-0.5 pg/mL)* > 78 13-20
X . oy o X e
uazfose amphotericin B lngddadiutraniean
MIC >1 pg/mL (5ewaz >50) MIC >2 pg/mL
Govaz 15_30)(8, 12, 13, 32, 35, 36)

candins ($avaz 2-8)® 'Y uazdadesmnngu
a3
)

X o2
RN

g 1 .
A9§0d echino-

(Gewaz 16
%4 % % o A Y
uenndeyainadu daiideyaves US
CDC ndumannmsnagauanuh@dieIs CLSI
M27-A3/M27-S4 lael¥i¥e C. auris MAv
= = = Vv
swsmnnthagau suae wenWsmla waziu-
oo 3:n39Y A.A. 2012-2015 $1u0U
54 Yolsian'®

breakpoint 489 Candida species WU FoADAD

WNamMIILATLYiNMsneelagd

fluconazole (508az 93) voriconazole (308
54) amphotericin B (3owaz 19) echinocandins
(Bovaz 4) uaz flucytosine (30vaz 6) AoAoe
agaties 2 nqu (3ewar 41) Aadesl 3 nguAe
azoles, amphotericin B ta¢ echinocandins
Govay 4)'?

o X X

96317150081 3 nay (MDUVIANYVUIU)

Agaad auANlY tazame

(16) 13) =

%4 4 1 s
Jagar 4 waY 3998 160 7 UANUUANAINNY
MNBI919LUBININIAAITOLDILTY mﬂﬁuﬁ:
1 o A a . d' 1 o o k4
A9AU ¥39N1999 breakpoint NeAUAlH
wn3uhinedy Wy lusnesauves US cpc!'®
fadulvil¥enene amphotericin B fid1 MIC >2
ug/mL(lé) Tuveuzh Rudramurthy wazaue
Winauain MIC >1 pg/mL"?
Hagtiudahiiivuamangaraulumslyen
4 . - X .4 XX
WasnEIMIAAe C. auris UWAMINNUITOAD
fi9 caspofungin n3edia1 MIC QQGI'E] ampho-
tericin B (MIC >1 pg/mL) fluesnhina
(W92 echinocandins WugmannlFlumssnmn
WiheRawe Candida Tunszuaidealuvedihe
niln ACU)* d3u amphotericin B 1fuesnvidn
d' X a a Z IS (4‘ [}
nFlumsSavmsansedannnulives (rare
yeast infection) sadu Trichosporon spp.(46)
duranlsnfaLFounsdanigotusng
(Infectious Disease Society of America, IDSA)
mvuauulfialumsinmnlsadae Candida
Taglvitdenersaviaunanadeuninl@”
Jouuzihves US CDC Alinagsuanulives

@ yeiilesnnunasgiu

C. auris nnlolsian
CLSI waz EUCAST #&3l3iti MIC breakpoints
¥ou¥e C. auris Wil US CDC 'énumu
epidemiological breakpoints IUAUMS IS expert
opinion M391999¢1% breakpoint ¥84 related
Candida species wazmsl¥na pharmacokinetic/
pharmacodynamic (PK/PD) 91nNan1inaao
mslFenluny mice fdade C. auris lunszud
1o walndued tentative MIC breakpoints

(48)

W3 C. auris™ uwalnansanmsnenang

MIC_ uaz MIC mun Sear wazamz®" 14
FIVTINNAUNANNANNANangaTiy® 1632 49

fauandly Table 5
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Table 5 Tentative MIC (ug/mL) breakpoints, MIC5O, MICgo and MIC of C. auris to antifungal agents

Antifungal drug Tentative MIC breakpoint Published MIC50 range Published MIC90 range MIC (ng/mL)*

Fluconazole 232 64-128 64-256 0.12 - >256
Voriconazole® N/AP 0.5-2 4-8 0.03 - >16
Amphotericin B >2 0.5-1 2-4 0.06 - >16
Anidulafungin >4 0.125-0.5 0.5-1 <0.015 - 16
Caspofungin >2 0.25-0.5 1 0.03 - 16

Micafungin >4 0.125-0.5 0.25-2 <0.015 - 8

l\/IIC50 minimum inhibitory concentration (MIC) for 50% of total isolated testesd

l\/IIC90 minimum inhibitory concentration (MIC) for 50% of total isolated testesd

a apply for voriconazole and other 2" generation triazoles

b fluconazole used as surrogate antifungal tested (resist to fluconazole may susceptible to triazoles)

adapted from Sear et al’! with additional MIC range* (overall MIC) of Table 4

1 MIC_ waz MIC g9 fluconazole
>64 pg/mL (Table 5) 3¥ad1 C. auris Aodo
fluconazole ¥1ANAAINA1I echinocandins
= & o .. Hq Yo a X
uduevidn (empiric drug) N1FSN¥INMIAALTD

. A A a g s
C. auris Tunszudi@aansomsanrolueisd

33832 yaFuszyumaduifaanzsuilu

(50)

A9 9
o ¥ 4

AoANTUNULFINAA
5,11,16,19,50)

sundanlgelildna
sediuanulade echinocandins' wae
WU C. auris 8519 biofilm vv11¥ echino-
candins 1141800 luvauzi amphotericin B
. .. =~ ' s
itaz liposomal amphotericin B #Nafatsannay
1u biofilm uadeadlFludsnandudumnn (16
4 . v oy dawe ¢ d
pg/mL) Fanananududunlsnusadiae)
(4 pg/mL)°” weanatiuinmsanmnsl¥e
2 sianuiuluvasanaasy wudl micafungin
waz voriconazole Tnataiugnaiu®” a tagifu
o IS4 ° ¥V a ] o 1 °
galddivouuzihmslse 2 silasmiu uauuzih
W5uiagueiain empiric drug anlSeramuna
mynageuanuly
SCY 078 Wlusniiaannlue usms
o v
mathn (fuensudszmu) uazesngnidudams

3519 1, 3-B-D-glucan msAntluriaaanaaes
S a a J 4 d‘ < v Y
W‘]J’J'ml]‘i:ﬁ‘ﬂﬁﬂ']Wﬂ@L%ﬁﬁlﬂﬁl?LLﬁZL“ﬁﬁﬂﬂQNﬂﬂ‘u
Fountunwilu biofilm lawil MIC, i1 pg/mL
(ti1fiu caspofungin, micafungin wazaA1nI
amphotericin (MIC, 4 pg/mL) Tuveush MIC
@a azoles A1 >64 pg/mL (fluconazole),
2 pg/mL(voriconazole), 1 pg/mL (itraconazole),
0.5 pg/mL (posaconazole) tas 0.125 pg/mL

. (38) sy o

(isavuconazole) NM3IATIVYLFAANANNTY

SCY 078 @rendesganssmidianasouuuy
. 1 da g

scanning EM WUNtsaauatugLacsriaau

¥ (38)

Faufuinisadunadi1i1a%® Fafiuud il

fthezih SCY 078 anl¥lumsinmnmsande C.
auris®® >

nalnmsaeenvoade C. auris §ahi
nuwige wamsanmdudIlunnwugy ERG3,
ERG11, FKSI, FKS2 uaz FKS3 fimaiieidea
AUMTA0eT LilaiiouANumilouveedd Y
Wwdsznig C. auris AU C. albicans uag
C. glabrata wuhilamuwiiousesaautudlu

84 ERG uay FKS Souaz 78-85" lumeau
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m3AnEvee US CDC MItpszvisndunsaasiily
4

lududee1 fluconazole (ERG11) uUSi1ia

hot spot ALFeNLAVIIVTINIIN 1hAdau

a = % 4‘

oy werImla waztdumieal WuMIUNUN

v9ansAezilu 9 dmundauagIfunnuly

19 yanniiulunsin hot spot

C. albicans
FanumIunuNvensAo sl lANDn 3 Aunia
4 %4
fie F126T (swannuwansmld) Y132F (1yev1n
tuean) Y132F waz K143R (13891n3uLAy
a (16) 9] ~ o w
wazihaamw)'® lumeassdnn mseuaay
I X . .
LAUUIUNLAYIVDINUNIIAD echinocandins
(FKS1 uaz FKS2) ﬂé’u‘hjwumiﬂmaﬁuﬁfma
murdsiaenuly C. glabrata® "
a ¢ o o 3 =
MINATZAMAVLIUENI UL (whole
o dd v
genome sequence) WUllsAuNtAgIvpIAUMS
1d490 (drug transporter proteins) L¥uU ATP
binding cassette (ABC) (a2 major facilitator
superfamilies (MFS) SalutFonoenou q tNe1do9
funistfusieen (efflux pump)® 3% Y
a ¢ a =4 = s o s =
maansnsulsoumsuivaauiualualuy
w04 C. albicans was S. cerevisiae WU zinc
cluster transcription factor orthologs (FU
kinases Fauil1dn C. auris 1¥lumssu
S g s v o . .
sunseludnyuzAaIuiy protein kinase A
H ¥ 4 H ] ]
(HOG1) fwvluirenesadu 4 Niieganszaulay
stress  udrazimihinldauaumsuansesnves
= . . 1 a v X
U (stress signaling pathways) datdanlviiros

nugdea e

unagluazIonsal

C.auris ﬁﬂmﬁnymzﬁwﬁﬂﬁl,mﬂshamﬂ
C. albicans Glidﬁ' 1) C. albicans @0
fluconazole ez amphotericin B Tnodlszeu
MIC o Tuvasdi C. auris dwilng (> Jovaz
90) A6 fluconazole wazilunltuazansziy
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anulde voriconazole 2) C. auris 11981 yUS

. T )
ABABYT (> 2 NQXN) NANAYABABAD echinocan-
o4 e da - Y -
dins Fudusrnmaiananiumsinmnlsaaa
Wonn Candida species luddasidalums
A oV s a &' . o/
wenl¥ensar waz 3) Mmsaare C. auris 1

& ~ X Ao
WumsAawelulsanena #danmega uaze1n
& Ay o
Wusmaveamsszng ndesimsdamslums
i’ﬂaaﬁuua:m‘uqumsﬁﬂL%a"luiﬁqwsnma
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