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Candida auris:  A globally emerging 
multidrug-resistant yeast
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First report of C. auris from Japan in 2009

Satoh K et al. Microbiol Immunol, 2009 
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South Korea 2009 and 2011

Á 2009 report on 15 ear 
infection in patients at 5 
hospitals
Å Isolates from 2004–2006

Á 2011 report of 3 C. auris blood 
stream infections in 1 hospital
Å Isolates from 1996 and 2009

ÅFirst report of invasive C. auris 
infection

Kim N et al, CID 2009; Lee W et al, JCM 2011

India 2011

Á 2011 report of 12 
bloodstream infections from 
2 Delhi hospitals
Å Isolates collected 2009–2011

Á 2015 report candidemiain 
19 Indian ICUs
Å Isolates collected 2011–2012

Chowdhary A et al, EID 2013

C. auris basics

Á Can cause invasive infections, predominantly fungemia

Á Is often multidrug resistant (MDR)

Á Cannot distinguish C. auris from other Candidaspecies with 
biochemical tests and most conventional diagnostics

Cryptococcus neoformans

Rhodotorula glutinis

Candida rugosa

Candida krusei

Candida lusitaniae

Saccharomyces cerevisiae 

Candida catenulata

Candida auris

Candida glabrata 

Candida pelliculosa

Candida haemulonii

Candida bracarensis

Candida nivariensis

Candida duobushaemulonii

Candida pseudohaemulonii

Candida famata

Candida albicans

Candida dubliniensis

Candida tropicalis

Candida fermentati

Candida guilliermondii

Candida metapsilosis

Candida parapsilosis

Candida orthopsilosis

Antifungal 
resistant 
clade
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Pakistan 2014–2015

Á 2014–2015 outbreak ~30 cases at 
a single hospital

Á Initially identified as 
Saccharomyces cerevisiae

Á Pakistan requested CDC 
assistance with outbreak in 2015

Á Launched CDC’s international C. 
auris work

Global emergence during 2009–2015

International C. auris response

ÁFormed an international C.auriscollaboration

ÅPakistan

ÅIndia

ÅSouth Africa

ÅVenezuela

ÅColombia 

ÁCollect epidemiologic data 

ÁSequence C. aurisisolates 

ÁAssess resistance 

C. aurisearly epidemiology 

Á Patients of all age ranges (NICU infantsĄ elderly)

Á Similar risk factors as for other Candidaspp.
ÅDiabetes

ÅAntibiotic use

ÅRecent surgery

ÅPresence of a central venous catheter 

Á May occur in conjunction with other Candida spp

Á Patients on antifungal treatment when C. auris isolated

Á Median time from admission to infections: 17 days

Á Mortality ~60%; 
Å100% in Venezuela in NICU infants
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Whole genome sequencing (WGS)

Á 47 isolates from 5 countries 

Á 47 HiSeq+ 2 PacBio+ 2 genomes from NCBI 

Á PacBioreference: 20 contigs, N50: 1 Mbp

Á Average sequencing depth with Illumina: 235X (50-300X)

Á 96-99% genome coverage 

Á Assembled genome: 12.5 Mbp

 B11209 India 2013

 SRR1664627 India 2013

 B11218 India 2014

 B11217 India 2014

 B11216 India 2014

 B11215 India 2014

 B11214 India 2014

 B11213 India 2014

 B11212 India 2014

 B11210 India 2013

 B11096 Pakistan 2014

 B11101 Pakistan 2014

 B11118 Pakistan 2015

 B11113 Pakistan 2015

 B11114 Pakistan 2015

 B11097 Pakistan 2014

 B11117 Pakistan 2015

 B11104 Pakistan 2015

 B11105 Pakistan 2015

 B11098 Pakistan 2014

 B11116 Pakistan 2015

 B11115 Pakistan 2015

 B11103 Pakistan 2015

 B11099 Pakistan 2014

 B11200 India 2012

 ERR899743 India

 B11205 India 2013

 B11201 India 2012

 B11207 India 2013

 B11208 India 2013

 B11206 India 2013

 B11112 Pakistan

 B8441 Pakistan 2010

 B11230 South Africa 2014

 B11224 South Africa 2013

 B11228 South Africa 2014

 B11226 South Africa 2014

 B11221 South Africa

 B11222 South Africa 2012

 B11223 South Africa 2013

 B11225 South Africa 2014

 B11227 South Africa 2014

 B11229 South Africa 2014

 B11220 Japan 2009

 B11247 Venezuela 2012

 B11244 Venezuela 2012

 B11245 Venezuela 2012

 B11243 Venezuela 2013

 B11246 Venezuela 2012

110
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250

265

11226

11975

8110

27366

47473

India/Pakistan 

South Africa 

Japan 

WGS relationships among 47 
isolates from 4 countries 

Venezuela 

≤5 SNPs

≤5 SNPs

≤2 SNPs

≤5 SNPs

WGS relationships among 
Indian/Pakistani strains 

≤2 SNPs

India

Pakistan

WGS results

Á Profound phylogeographicstructure 

Á Huge genetic differences among geographic clades

Á Possible cryptic species 

Á Very high clonality within the geographic clades 

Á Recent independent emergence in different places 
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Antifungal susceptibility 

Å 54 patient isolates from Pakistan, India, SA, Venezuela
MIC value in µg/mL

0.03 0.06 0.12 0.25 0.5 1 2 4 8 16 32 64 128 256

Fluconazole 1 1 2 7 4 13 26
Voriconazole 1 1 3 5 15 11 11 4 3

Itraconazole 1 8 25 19 1
Posaconazole 3 4 9 28 10

Caspofungin 4 1 5 19 17 6 2
Anidulafungin 1 9 22 19 1 1 1

Micafungin 2 14 17 9 6 4 2
Flucytosine 28 5 16 1 1 3
Amphotericin 

B
17 18 15 4

Antifungal susceptibility

Á 93% resistant to fluconazole

Á 54% resistant to voriconazole

Á 35% resistant to amphotericin B

Á 7% resistant to echinocandins

Á 41% MDR isolates

Á 4% resistant to all three major antifungal classes
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UK 2015–2016 outbreak

Á An adult critical care unit in the UK with >40 patients either 
colonized or infected with C. auris
Å~20% of these patients had candidemia

Á Outbreak difficult to control despite intensive IC efforts: 
ÅRegular patient screening in the ICU

ÅCohorting colonized patients

ÅEnvironmental decontamination 

ÅWard closure

Á Transmission from environmental sources
ÅPreliminary data suggests healthcare workers not major carriers

ÅHospital rooms remain positive despite cleaning

Why are we concerned about C. auris?

Á Is multi-drug resistant
ÅSome isolates resistant to all three major antifungal classes

Á Can be misidentified
ÅUsually misidentified as other Candida spp or Saccharomyces,  

when using biochemical methods (API strips or VITEK-2) 

ÅMALDI-TOF can detect C. auris

Á Causes outbreaks in healthcare settings
ÅUnlike other Candida spp.,  seems to colonize healthcare 

environments and skin

ÅMajor infection control challenges

Is it in the United States?

Á EIP CandidemiaSurveillance Program 
Å>7000 Candida isolates collected in U.S. 2008 –2016

ÅNo C. auris

Á SENTRY system (Private collection funded by pharma)
Å>6000 North American isolates collected from the US since 2004

Å1 C. auris isolate from 2013

CDC issued a clinical alert to healthcare facilities –
June 2016
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Public Health England released an alert 
on the same day

Public Health Agency of Canada also released an alert 
in July 2016

PHAC Communication Re: Emerging global HAI-AMR issue –
Candida auris

PHAC has recently learned of a public health alert from US CDC 
in relation to the global 
emergence of invasive infections caused by the Multidrug-
Resistant yeast organism, Candida auris. 

C. auris in the United States (n=7)

Á5 bloodstream infections, 1 urine, 1 external ear

ÁAges:  44-89 years 

ÁUnderlying medical conditions: 

ÅLeukemia

ÅBone marrow transplant 

ÅShort gut requiring total parenteral nutrition

ÅHigh-dose steroids

ÁOutcomes: 

Å3 died

Å3 alive

Å1 unknown

Antifungal susceptibility in the U.S.

Á Six of seven isolates resistant to fluconazole

Á One of seven isolates resistant to amphotericin B 
ÅPt from the United Arab Emirates

Á No known echinocandin resistance
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Is there evidence of transmission in the U.S.?

Á Some cases are epi-linked
o two patients also shared the same long-term acute care hospital

Á 1 patient with C. auris BSI 3 months earlier was colonized 
with C. auris in groin, axilla, nares, rectum 

Á Room of patient with C. auris colonization + for C. auris on 
mattress and window sill

DC

PR

AK

HI

KPC-producing CRE in the United States 
2001

DC

PR

AK

HI

KPC-producing CRE in the United States 
August 2016
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KPC outbreak in Chicago, 2008 

Won et al. Clin Infect Dis 2011; 53:532-540

mcr-1

Á 4 U.S. human cases identified

ï2 retrospective (2014 and early 2015)

ï2 “current”

Á PA – extensive long-term healthcare contact

ïScreening cultures collected from patient, household contacts, 
HCP, PPS

ïAll negative but patient, she was negative at 3 months

Á CT – child, no inpatient healthcare exposure, recent travel

ïScreening culture of environment and household contacts

Limitations and Challenges

Á “Buy in” from facilities and health departments

ïEarlier intervention is better than later?

Á Resources for investigation

ïState AR funding

ïRegional labs

Á Does it work?

ïSlow spread vs. eliminate

ïFuture interventions

ÅManipulating the microbiome/decolonization

Á Requested health facilities and labs to report of all C. auris 
cases CDC and state and local health departments

Á Case finding efforts (clinical alert, EIP surveillance, ARLN)

Á Immediate investigation of all past and current cases
ÅMicrobiology record review for other cases and possible cases

Å Identify epi links between cases

ÅAssess colonization of case-patient

ÅEnvironmental swabs

ÅPoint prevalence surveys of colonization in shared rooms/wards

ÅSwabs of household contacts

Response plan for C. auris cases in the U.S.
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Infection Control Recommendations

Á Standard and Contact Precautions

Á Daily and terminal cleans to reduce environmental burden of 
organisms with EPA registered disinfectant

Á Regional notification to other facilities the patient may be 
admitted 

Á Working with EPA and FDA to understand what works for 
disinfection

International Collaborations: Colombia 

Á C. auris in Colombia
Å5 cities with reported cases

Å5-24 cases at each site

Á Team in Colombia now

Á Case-case study

Á Environmental 
investigation

Á Point prevalence survey  of 
colonization

 2014730800 Colombia

 2014730833 Colombia

 2014730828 Colombia

 2014730808 Colombia

 2014730803 Colombia

 2014730834 Colombia

 2014730802 Colombia

 2014730801 Colombia

 2014730805 Colombia

 2014730804 Colombia

 2014730813 Colombia

 2014730835 Colombia

 2014730832 Colombia

 2014730806 Colombia

 2014730814 Colombia

 2014730817 Colombia

 2014730810 Colombia

 2014730829 Colombia

 2014730822 Colombia

 2014730819 Colombia

 2014730818 Colombia

 2014730827 Colombia

 2014730811 Colombia

 2014730825 Colombia

 2014730812 Colombia

 2014730807 Colombia

 2014730820 Colombia

 B11244 Venezuela

 B11245 Venezuela

 B11247 Venezuela

 2014730655 Korea

 2014730656 Korea

 B11220 Japan

 B11225 South Africa

 B11230 South Africa

 B8441 Pakistan

 B11112 Pakistan

 B11209 India Hospital 2

 B11214 India Hospital 3

 B11210 India Hospital 2

 B11096 Pakistan

 B11201 India Hospital 1

 B11116 Pakistan

 2014730852 NIH

 2014730856 NIH

 2014730854 NIH

 2014730855 NIH

 2014730853 NIH

 2014730857 NIH
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29404

17960

19175

12794
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68

10000

Korea

Japan

South Africa

Pakistan

India

Colombia

Venezuela

Venezuela + Colombia 

Japan + Korea 

WGS of Colombian strains 

India + Pakistan

MIC value in µg/mL

0.03 0.06 0.12 0.25 0.5 1 2 4 8 16 32 64 128 256

Fluconazole 1 8 5 9 2 3 2
Voriconazole 4 4 13 4 3 1 0 1

Itraconazole 2 3 10 11 2 2
Posaconazole 8 13 4 5

Caspofungin 1 0 2 18 0 1 1
Anidulafungin 1 2 4 10 12 1 1

Micafungin 1 0 4 20 2 2 1
Flucytosine 2 3 9 8 7 1
Amphotericin B 1 4 16 1 2 3 4

(Colombia, Korea, US)
30 isolates

Antifungal susceptibilities
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India Collaboration

Á India
Å5-8% of all candidemia in 

Indian ICUs due to C. auris

ÅSome centers reporting 
40% of candidemia now 
caused by C. auris

ÅTeam in India now to 
start work on C. auris

Why are we seeing so much resistance?

Å Not typical fluconazole resistance
ÁMay not have intrinsic resistance to fluconazole

Å Ability to develop resistance may be high
ÁNot plasmids, mechanisms unknown?

Å Seems to have the ability to adapt quickly

Å Emerging on several continents all at the same 
time
ÁDifferent genes confer resistance

ÁWhat role does antifungal use

Globally emerging multi-drug resistant organism
but this time it’s a FUNGUS

Å Well-established in some parts of the world
ÅWorking to understand the full extent of its prevalence and the 

true burden if disease

ÅNew modes of transmission are more clear but still many 
questions

ÅControl measures need to be identified and tested

ÅContinue to monitor situation in the UK

Å Emergence in the US is very recent, but concerning
ÅTo date only isolated cases, none are triple MDR

ÅState and local partners beginning to work with hospitals to 
monitor emergence, understand transmission and identify and 
implement control measures


