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Non-microbiological
V Unfavorable PK
V Poor drug penetration
V Co-morbidities
V Host reservoirs 
Å GI tract; intra-abdominal abscesses

Microbiological
V Drug resistance
Å Inherent
Å Acquired

üClinical response is a blend of drug, host and microbial factors

Why Patients Fail Antimicrobial Therapy

Resistance occurs with all antifungal agents, but

resistance to triazole and echinocandin drugs is the

most clinically significant, and strains resistant to

multiple drug classes have emerged

What are the current trends and underlying genetic 
mechanisms that confer acquired drug resistance?

ANTIFUNGAL DRUG RESISTANCE
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Castanheira et al. 2017 AAC

Global view of echinocandin and azole susceptibility (ECVs) among 

Candida

2,809 Candida spp isolates collected in 29 
countries worldwide in 2014 and 2015 

Susceptibility remains high among most Candidaspecies

Antifungal activity using CLSI reference method against invasive 

yeasts collected in 29 countries worldwide in 2014 and 2015

Castanheira et al. 2017 AACResistance among Candida species is low
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Int J AntimicrobAgents.2011 Jul;38(1):65-9. 
Candida bloodstream infections: comparison of species distribution and resistance to echinocandin 
and azole antifungal agents in Intensive Care Unit (ICU) and non-ICU settings in the SENTRY 
Antimicrobial Surveillance Program (2008-2009).
Pfaller MA1, Messer SA, Moet GJ, Jones RN, Castanheira M.

Abstract
Minimum inhibitory concentration (MIC) data from the SENTRY Antimicrobial Surveillance Program generated by reference methods
were analysedto compare the antifungal resistance profiles and species distribution of Candida bloodstream infection (BSI) isolates 
obtained from patients in the Intensive Care Unit (ICU) and those from non-ICU locations. Results from 

79 medical centresbetween 2008 and 2009were tabulated. MIC values were obtained for anidulafungin, 

caspofungin, micafungin, fluconazole, posaconazole and voriconazole. Recently revised Clinical and Laboratory Standards Institute 

breakpoints for resistance were employed. A total of 1752 isolates of Candida spp. were obtained from 
ICU (779; 44.5%) and non-ICU (973; 55.5%) settings.The frequency of ICU-associated Candida BSI was 

higher in Latin America (56.5%) compared with Europe (44.4%) and North America (39.6%). The frequency of candidaemiain the ICU 
decreased both in Latin America and North America over the 2-year study period. Approximately 96% of isolates both in ICU and non-
ICU settings were caused by only five species (Candida albicans, Candida glabrata, Candida parapsilosis, Candida tropicalis and Candida 

krusei). Resistance both to azoles and echinocandins was uncommon in ICU and non-ICU settings. Overall, fluconazole 
resistance was detected in 5.0% of ICU isolates and 4.4% of non-ICU isolates. Candida 
glabrata was the only species in which resistance to azoles and echinocandins was 
noted, and this multidrug-resistant phenotype was found in both settings. In conclusion, the 

findings from this global survey indicate that invasive candidiasis can no longer be considered to be just an ICU-related infection, and 
efforts to design preventive and diagnostic strategies must be expanded to include other at-risk populations and hospital 
environments. Concern regarding C. glabrata must now include resistance to echinocandins as well as azole antifungal agents

Prevalence comparable to that reported by SENTRY 
Antimicrobial Surveillance Program for 2008-09 

AntimicrobAgents Chemother. 2018 May 25;62(6). 

Absence of Azole or Echinocandin Resistance in Candida glabrata Isolates in India despite 
Background Prevalence of Strains with Defects in the DNA Mismatch Repair Pathway.
Singh A1, Healey KR2, Yadav P1, UpadhyayaG1, SachdevaN3, SarmaS4, Kumar A5, TaraiB6, Perlin DS2, Chowdhary A7.

Abstract
Candida glabratainfections are increasing worldwide and exhibit greater rates of antifungal resistance than those with other species. 
DNA mismatch repair (MMR) gene deletions, such as ƳǎƘнɲ, in C. glabrataresulting in a mutator phenotype have recently been 

reported to facilitate rapid acquisition of antifungal resistance. This study determined the antifungal 
susceptibility profiles of 210 C. glabrataisolates in 10 hospitals in India and 

investigated the impact of novel MSH2polymorphisms on mutation potential. No echinocandin- or 
azole-resistant strains and no mutations in FKShot spot regions were detected 
among the C. glabrataisolates, supporting our in vitro susceptibility testing 
results. CLSI antifungal susceptibility data showed that the MICs of anidulafungin (geometric mean [GM], 0.12 ˃Ǝ/ml) and 

micafungin (GM, 0.01 ˃Ǝ/ml) were lower and below the susceptibility breakpoint compared to that of caspofungin (CAS) (GM, 1.31 
˃Ǝ/ml). Interestingly, 69% of the C. glabratastrains sequenced contained six nonsynonymous mutations in MSH2, i.e., V239L and the 
novel mutations E459K, R847C, Q386K, T772S, and V239/D946E. Functional analysis of MSH2mutations revealed that 49% of the 
tested strains (40/81) contained a partial loss-of-function MSH2mutation. The novel MSH2substitution Q386K produced higher 
frequencies of CAS-resistant colonies upon expression in the ƳǎƘнɲmutant. However, expression of two other novel MSH2alleles, 
i.e., E459K or R847C, did not confer selection of resistant colonies, confirming that not all mutations in the MSH2MMR pathway affect 
its function or generate a phenotype of resistance to antifungal drugs. The lack of drug resistance prevented any correlations from 
being drawn with respect to MSH2genotype.

All C. glabrata isolates were fully susceptibleτno drug resistance detected

INDIA
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Trends of fluconazole (A) and voriconazole (B) susceptibility and resistance rates of 

Candida species determined through the CHIF-NET study (2010 to 2014).

Meng Xiao et al. J. Clin. Microbiol. 2018;56:e00577-18

Sixty-five tertiary hospitals in China collected 8,829 
Candidaisolates from August 2009 to  July 2014

But not in China where significant azole resistance detected among certain Candidaspp. 

CHINA

J ClinMicrobiol. 2018 Mar 26;56(4).

Update from a 12-Year Nationwide FungemiaSurveillance: Increasing Intrinsic 
and Acquired Resistance Causes Concern.
Astvad KMT, Johansen HK, RøderBL, RosenvingeFS, Knudsen JD, Lemming L, SchønheyderHC, Hare RK, 
KristensenL, Nielsen L, GertsenJB, DzajicE, Pedersen M, ØstergårdC, OlesenB, SøndergaardTS, Arendrup MC

Abstract

New data from the years 2012 to 2015 from the Danish National Fungemia
Surveillance are reported, and epidemiological trends are investigated in a 12-year 
perspective (2004 to 2015). During 2012 to 2015, 1,900 of 1,939 (98%) fungal 
bloodstream isolates were included. The average incidence was 8.4/100,000 inhabitants, and this appears to represent a 

stabilizing trend after the increase to 10.1/100,000 in 2011. The incidence was higher in males than females (10.0 versus 6.8) and in patients above 50 years, 
and those changes were mainly driven by an increasing incidence among 80-to-89-year-old males (65.3/100,000 in 2014 to 2015). The proportion of Candida 
albicansisolates decreased from 2004 to 2015 (64.4% to 42.4%) in parallel with a doubling of the proportion of Candida glabrataisolates (16.5% to 34.6%, P< 
0.0001). C. glabratawas more common among females (34.0% versus 30.4% in males). Following an increase in 2004 to 2011, the annual drug use stabilized 
during the last 2 to 3 years of that time period but remained higher than in other Nordic countries. This was particularly true for the fluconazole and 
itraconazole use in the primary health care sector, which exceeded the combined national levels of use of these compounds in each of the other Nordic 
countries. 

Fluconazole susceptibility decreased (68.5%, 65.2%, and 60.6% in 2004 to 2007, 2008 
to 2011, and 2012 to 2015, respectively, P< 0.0001), and echinocandin resistance 
emergedin Candida(0%, 0.6%, and 1.7%, respectively, P< 0.001). Amphotericin B 
susceptibility remained high (98.7%). Among 16 (2.7%) echinocandin-resistant C. 
glabrata isolates (2012 to 2015), 13 harbored FKS mutations and 5 (31%) were 
multidrug resistant. The epidemiological changes and the increased incidence of intrinsic and acquired resistance emphasize the 

importance of continued surveillance and of strengthened focus on antifungal stewardship.

In Denmark, resistance is a growing problem especially among C. glabrata

DENMARK
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Resistance rate varies among different studies. The rate reported from 
institutional studies are higher than that from population-based surveys

Echinocandin resistance in C. glabrata

Perlin, Shorand Zhao 2015 CCMR

Geographical variations in the distribution of 

non-C. albicans Candida species

Pappas, P. G. et al. (2018) Invasive candidiasis

Nat. Rev. Dis. Primers
Higher prevalence correlates with greater resistance

Data presented are from Australia, Brazil, Canada, Denmark, France, Japan and the United States6,200ï205. 

Data on C. auris are from the Centers for Disease Control and Prevention (last accessed 27 March 2018). 
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Proportion of the five major Candidaspecies responsible for 
fungemiain patients with (159) or without (2,289) prior exposure to 
FLZ or with (61) or without (2,387) prior exposure to CSF 

Ca

Ca

Ca

Cg

Cg

Cg

Prior azole and echinocandin exposure is shifting the 
distribution of Candidaspp. recovered from severely ill 
patients with C. glabrata as a major cause of disease..

Lortholaryet al. 2011 AAC 

Hachemet al. 2008 Cancer

C. glabrata has emerged as the dominant pathogen in 
certain immunocompromised patient populations
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Concomitant rise in azole and echinocandin resistance among 
Candida glabrata isolates with emergence of multidrug (MDR) 
resistance

C. glabrataςpositive blood cultures at MD Anderson Cancer Center, 
Houston, TX during March 2005ςSeptember 2013

Farmakiotis et al. EID. 2014

146 Total Isolates
Å20.5% FLUr

Å10.3% CSFr

Å6.8% MDR (CSF, FLU, AMB)

MDR increasinglymorecommon

MDR

Resistance to echinocandins, azoles and polyenes
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Global and regional maps depicting rapid emergence of 
multidrug-resistant clinical Candida aurisstrains

https:// www.cdc.gov/fungal/candida-auris/tracking-c-auris.html

Most of the isolates were resistant to:
ÅFluconazole (nҗ318; 44.29%) 
ÅVoriconazole (VRZ) (nҗ91; 12.67%), 
Å Itraconazole (ITZ) (nҗ13; 1.81%)
Å Isavuconazole (ISA) (nҗ11; 1.53%),
ÅPosaconazole (PSZ) (nҗ10; 1.39%)

ÅAMB (nҗ111; 15.46%)
ÅFlucytosine(FCN) (nҗ14; 1.95%)

ÅCaspofungin (nҗ25; 3.48%), 
ÅAnidulafungin  (nҗ9; 1.25%)
ÅMicafungin (nҗ9; 1.25%)
Å{/¸πлту όлΤ л҈ύ

Resistance to at least two of these drugs were frequently reported

Antifungal resistance profiles of the estimated 742 C. auris isolates 

Microbiologyopen. 2018 Aug; 7(4): e00578
Candida auris: A systematic reviewŀƴŘ ƳŜǘŀπŀƴŀƭȅǎƛǎ ƻŦ current updateson an 
emergingƳǳƭǘƛŘǊǳƎπǊŜǎƛǎǘŀƴǘ pathogen
John OseiSekyere


