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What is meant by resistance? 

Clinical failure failure of drug therapy to resolve 

signs and symptoms of infection 

Microbiological 
failure 

failure of therapy to eradicate the 

organism 

In vitro definition  based an minimum inhibitory  

concentrations and clinical 

breakpoints 



CLSI clinical breakpoints of antifungal 
resistance against Candida species 

C. 
albicans 

C. 
glabrata 

C. 
tropicalis 

C. 
krusei 

C. 
parapsilosis 

Anidulafungin   Old ≥4 ≥4 ≥4 ≥4 ≥4 

New ≥1 ≥0.5 ≥1 ≥1 ≥8 

Micafungin        Old ≥4 ≥4 ≥4 ≥4 ≥4 

New ≥1 ≥0.25 ≥1 ≥1 ≥8 

Fluconazole      Old ≥64 ≥64 ≥64 ≥64 ≥64 

New ≥8 ≥64 ≥8 ≥8 ≥8 

Voriconazole     Old ≥4 ≥4 ≥4 ≥4 ≥4 

New ≥1 ≥1 * ≥1 ≥2 ≥1 

*epidemiologic cutoff value  
Clinical and Laboratory Standards Institute (CLSI) 2008, M27-A3; 2012. M27-S4.  



Impact of New Antifungal Breakpoints 
on Antifungal Resistance in Candida 

 

Fothergill et al. J Clin Microbiol. 2014; 52:994 



EUCAST Antifungal Clinical Breakpoint – Yeasts  
v. 8.0 valid from 2015-11-16 

 



EUCAST Antifungal Clinical Breakpoint - Molds  
v. 8.0 valid from 2015-11-16 

 



Is antifungal resistance in 
Candida and other yeasts a 

problem in Asia? 



Get ready for voting… 

Go to webpage: pollev.com/mmtn  

Wifi network: MMTN2016 
Password: 2016mmtn 

Voting question on the next slide 



Q. Which is your most commonly used 
empirical antifungal agent for invasive 

candidiasis? 

A. Conventional amphotericin B 

B. Fluconazole 

C. Echinocandin 

D. Liposomal amphotericin B 

E. Others 

F. I don’t know 

 

 

 

 

 

 





Q. Does antifungal resistance compromise 
the use of current empirical antifungal agent 

for invasive candidiasis in your hospital? 

A. Yes, common (10% or more) 

B. Yes, but rare 

C. Never 

D. I do not know as antifungal susceptibility testing 
is not available for routine practice in our hospital 

 

 

 

 

 

 





Q. The most common two reasons of 
modification of therapeutic agents for 

invasive candidiasis? (Select two choices) 

A. Resistance to empirical antifungal agent 

B. Persistent candidemia and other treatment failure 

C. Intolerance (GI toxicity, infusion reaction, etc.) 

D. Other adverse reactions (hepatotoxicity or 
nephrotoxicity, etc.) 

E. Drug interaction 

F. I do not know 

 

 

 





Clin Microbiol Infect 2015; 21: 946 

• The overall incidence was 1.22 
episodes per 1,000 discharges or 
0.15 episodes/1000 patient-days 

• Varied among the hospitals and 
countries.  

• ICU: 11.7 per 1000 discharges 

• There was a moderate 
correlation between incidence 
of candidemia and the ICU/total 
bed ratio (R²=0.47) No. of hospitals     9             1            3                1              6            3 

No. of episodes   310          30         330            73         1104       130 



Candida tropicalis was the leading non-
albicans species  

18 

Clin Microbiol Infect 2015; 21: 946–953 

Species distribution in Asia ,1910 non-duplicate blood Candida isolates 



Both geographic and healthcare 
contribute to the variation of species 

distribution of candidemia 

• C. tropicalis was more likely to be isolated at neutropenic 
patients than others (39% vs 17%).1 

• C. tropicalis was more likely to be isolated at hemato-
oncolgy wards than others (34.0% vs 24.5%).2 

• The proportions of C. tropicalis among blood isolates 
were higher in tropical areas (India, Thailand and 
Singapore) than other geographical regions (46.2% versus 
18.9%).2 

 
1. Hung et al. J Formos Med Assoc 1996;95:19  
2. Tan et al. Clin Microbiol Infect 2015; 21: 946 



Candida bloodstream isolates, Asia-Pacific region 

861 isolates from 13 centers, 2014  
Sensititre YeastOne YST-010, Thermofisher, United Kingdom 
Tan TY, et al. Med Mycology 2016:54, 471 



Candida bloodstream isolates, Asia-Pacific region 

 

861 isolates from 13 centers, 2014   Tan TY, et al. Med Mycology 2016:54, 471 



Invasive candidiasis in intensive care units in China 

the China-SCAN study 

 

67 ICUs                                           Liu W, et al. J Antimicrob Chemother 2014; 69: 162 



ICU-acquired 
candidemia 
in India 

27 Indian ICUs          Arunaloke Chakrabarti et al. Intensive Care Med (2015) 41:285 



C. tropicalis 

• The time-to-positivity (TTP) of blood cultures of C. tropicalis 
was significantly shorter than that of other species1  

• Septic shock and skin emboli are common findings of 
candidemia2 

• Both short TTP3 and septic shock are associated with poor 
prognosis. 

• A survey in Taiwan found genetically related C. tropicalis 
exhibiting reduced susceptibility to fluconazole from the 
human hosts and environmental samples. 4 

 1. Lai et al.J Med Microbiol 2012;61:701  
2. Leung et al. J Hosp Infect 2002;50:316 
3. Kim et al. J Antimicrob Chemother 2013  
4. Yang et al. PLoS One 2012;7:e34609.  



Fluconazole-nonsusceptible/less-
susceptible C. tropicalis  

• FNS (MIC ≥4 g/ml), isolates were identified more frequently from patients with previous azole 
exposure (6/6 versus 3/10; P = 0.011) and immunosuppression (6/6 versus 3/10; P = 0.011).  

• FNS and FLS (1-2 g/ml), bloodstream isolates were associated with azole therapeutic failure 
(3/4 versus 4/7) or uncleared fungemia (4/6 versus 4/10)  

Choi MJ, et al. Antimicrob. Agents Chemother 2016 60: 3653 



C. pelliculosa 

Chakrabarti et al. Scand J Infect Dis 2009;41:275-84 

4-month prospective study in a tertiary care 

center, India, Sept-Dec 2007 

Pichia anomala (C. pelliculosa) outbreak in paediatric wards during 1996-1997. 

N=38 N=102 

• C. pelliculosa, also known as Pichia anomala 
or Hansenula anomala, is mainly found in 
plants, fruits and oil.  

• Ten out of 14 episodes in this cohort were 
reported from a single hospital, clustered in 
the ICUs.    Tan et al. Clin Microbiol Infect 2015;21:946 

• In the preceding year, this hospital identified 
a monoclonal outbreak of C. pelliculosa.   

J   Microbiol Immunol Infect 2013;46:456 



Emerging opportunistic yeast infections 

• Candida krusei 1 
• Candida guilliermondii 2 

• Candida rugosa 3 

• Candida lusitaniae4  

• Candida dubliniensis5 
• Candida pelliculosa 6 

• Candida kefyr 6,7 

• Candida nivariensis 8 

• Candida norvegensis 

• Cryptococcus humicolus 

• Cryptococcus uniguttulatus 

• Geotrichum capitatum 9 

• Hansenula 

• Saccharomyces cerevisiae 

 

1. Intrinsic resistance to fluconazole, susceptible 
to voriconazole 

2. Potential for decreased susceptibility to 
polyenes, azoles, flucytosine, and the 
echinocandins 

3. Cross resistance to fluconazole and 
voriconazole 

4. Can develop secondary resistance to 
amphotericin B 

5. Can develop stable fluconazole resistance, 
especially in patients with HIV/AIDS 

6. Outbreak     
7. Dairy products   
8. Gardens or potted plants 
9. Presence of blastoconidia with hyphae 

differentiates Trichosporon from Geotrichum, 
predominantly in Italy. 
 
 Miceli et al. Lancet Infect Dis 2011;11:142 



Candida haemulonii and Closely Related 
Species, Korea 

• A yeast species that often exhibits antifungal resistance (AmB, 
azole), rarely causes human infection  

• Recovered from 8 patients with fungemia and 15 patients with 
chronic otitis media in 5 hospitals in Korea during 2004–2006. 

• Species identification 

• Vitek 2 YST yeast  card system: identified as C. haemulonii  

• API 20C system: identified as Kodamaea ohmeri and 
Rhodotorula glutinis 

• Drug resistance were associated with therapeutic failure 

• All susceptible to caspofungin and micafungin 

 

 

Kim et al. Clin Infect Dis 2009;48: e57 



One size not fit all 
Activity of antifungal drugs against emerging yeasts 

29 

Lancet Infect Dis 2011;11: 142 



Comparative In vitro Activities of Various Antifungal 
Drugs against Candida and Cryptococcus  
Singapore General Hospital, 2004-2006 

Etest, MIC in μg/mL 
Tan AL et al. Ann Acad Med Singapore 2008;37:841 



Antifungal Susceptibility of 216 cryptococcal 
clinical isolates in Taiwan, 1997–2010 

 

Tseng et al. Plos One 2013;8(4): e61921.  



Is antifungal resistance in 
Aspergillus and other molds a 

problem in Asia? 



Comparative In vitro Activities of Various 
Antifungal Drugs against Moulds 

Etest, MIC in μg/mL 
Tan AL et al. Ann Acad Med Singapore 2008;37:841 



Invasive infections caused by moulds 
other than Aspergillus 

• A tertiary care 
hospital in Taiwan, 
2000-2008 

• 103 patients with 
cultures positive 
for non-Aspergillus 
moulds  

• The overall 
mortality rate was 
40.7%, and was 
highest in cases 
zygomycosis. 

34 Hsiue HC et al. Clin Microbiol 
Infect. 2010;16:1204 



Cutaneous T cell lymphoma with acute leukemic change 

Refractory CR3 Relapse 3 

Disseminated fusariosis 

Liu et al. Med Mycol. 2011;49:872 



Recommendations for treatment of Fusarium 
infection in immunocompromised patients 

Clin Microbiol Infect 2014;20(Suppl. 3):27–46  
 



Get ready for voting… 

Go to webpage: pollev.com/mmtn  

Wifi network: MMTN2016 
Password: 2016mmtn 
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Q. Which is your most commonly used 
antifungal agent for invasive 

aspergillosis? 

A. Conventional amphotericin B 

B. Liposomal amphotericin B 

C. Itraconazole 

D. Voriconazole  

E. Posaconazole 

F. Echinocandin 

G. I do not know 

 

 

 

 

 





Q. Does antifungal resistance compromise 
the use of current antifungal agent for 
invasive aspergillosis in your hospital? 

A. Yes, common (10% or more) 

B. Yes, but rare 

C. Never 

D. I do not know as antifungal susceptibility testing 
is not available for routine practice in our hospital 

 

 

 

 

 

 





Mutations in the cyp51A gene and MICs of azole 
antifungals in 6 A. fumigatus isolates isolated 

from a patient with lung aspergilloma 

Chen et al. JAC 2005;55:31 

Itraconazole 

No 
Yes  6M 

No   2M 

Yes 
Yes 

Yes 

 



Recovery of TR34/L98H and TR46/Y121F/T289A 
Resistance Mechanisms in Aspergillus fumigatus 

 

43 

Verweij PE et al. CID 2016;62:362 



Azole-resistant Aspergillus fumigatus isolates 
carrying TR34/L98H mutations, Taiwan 

 

44 

Wu CJ et al. Mycoses, 2015;58: 544 

The prevalence rates of azole resistance 
• global 3–6%  
• Taiwan 6.5% 

two azole-naïve patients  



Environmental Multiple-Triazole-Resistant A. 
fumigatus Strains Carrying the TR34/L98H 

Mutations in the cyp51A Gene in India 

• A total of 44 (7%) A. fumigatus isolates from 24 environmental 
samples were triazole resistant. 

• Cross-resistance to voriconazole, posaconazole, itraconazole 
and to six triazole fungicides used extensively in agriculture. 

• In contrast to the genetic uniformity of azole-resistant strains 
the azole-susceptible isolates from patients and environments 
in India were genetically very diverse.  

• All Indian environmental and clinical azole resistant isolates 
shared the same multilocus microsatellite genotype  

Chowdhary A, et al. PLoS ONE 2012;7: e52871.  



The possible mechanisms or sources of 
antifungal resistant fungal pathogens 

1. De novo occurrence of mutation in causality pathogens 
following the use of antifungal agents 

2. Selection of drug resistant fungal pathogens following 
the use of antifungal agents 

3. Cross transmission of antifungal resistant fungal 
pathogens from other patients or environment in the 
healthcare settings 

4. Acquisition of antifungal resistant fungal pathogens 
from the agricultural environment 

 

 



Limitation of current published 
data 

• Definition 
• Clinical breakpoints 

 

• Detection 
• Identification to species levels 

• In vitro susceptibility testing in routine laboratories 

 

• Publication 

 



Conclusions 

• Antifungal resistance has emerged and spread in Asia. 

• Antifungal susceptibility vary by fungal pathogens and 
by region/country/hospital 

• Population surveillance data to guide local practice 
(empirical therapy) 

• Detection of fungal pathogen and identification to 
species level to guide definitive therapy 

• Evaluate in vitro susceptibility of individual isolate for 
selected fungi and/or patients 

 


