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Talk divided in 2 parts
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1. Resistance in Candida: Preliminary results from a multicentre study

2. Resistance in Aspergillus: Overview of 4 recent clinical cases in DK



Part I – Resistance in Candida

Post treatment antifungal resistance 

among colonising Candida isolates in candidaemia patients:

preliminary results
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Candidaemia and resistance

Numbers from Denmark
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Increasing prevalence
Antifungal resistance?
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But what about acquired resistance?

Only a few cases in the recent study

Intrinsically resistant species

~10/100,000 and ↑



Resistance is selected by treatment
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Acquired resistance developed during treatment

Antifungal treatment

Timeline

S R
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A challenge in surveillance studies?
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Antifungal treatment

Timeline
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Surveillance studies only include the initial blood isolate

How can we address this?



Study design
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Antifungal treatment

Timeline
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We introduce a mouth swab post treatment

S/I/R



Colonisation linked to invasion and vice versa

11 candidaemia patients

50 isolates: 34 C. albicans (12 inv), 10 C. glabrata (3 inv.), 6 C. krusei (2 inv.)

Identical genotypes in invasive & colonising isolates, 11/11 patients (MLST + RAPD)
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A prospective 1-year observational study

Intrinsic resistance:

 Species distributions?

Acquired resistance:

 Echinocandins/azoles

Susceptibility testing

DNA sequencing analyses:

Identification
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Vejle

Viborg 

Esbjerg

Sønderborg
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Inclusion criteria

1. Patients with candidaemiae

2. Swab obtained (within 1 month)

Collaborating hospitals Questions

Antifungal treatment

Timeline

? ?

http://www.eucast.org/
http://www.eucast.org/


Category Number

Patients with BC+ 415 (100 %)

Patients with swabs 172 (41 %)

Swabs positive Candida culture 116 (67 %)

Candida isolates in swab samples 175 (1.5 pr sample) 

Overview, collected samples

azoles echinocandins polyenes

Patients grouped in 3 treatment arms
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12 patients

Too few



Azoles shift species distribution

Species No. in blood samples (%) No. in swab samples (%)

C. albicans 37 (62,7) 20 (33.9)PP

C. glabrata 11 (18.6) 25 (42.4)PP

C. krusei 4 (6.8) 4 (6.8)NS

C. tropicalis 1 (1.7) 1 (1.7)NS

C. parapsilosis 2 (3.4) 1 (1.7)NS

S. cerevisiae 0 (0) 5 (8.5)p=0.057

Other Candida/yeast* 4 (6.8) 3 (5.1)NS

Total 59 59

Intrinsic FLU resistance*** 16 (27.1) 35 (59.3)PP

*** C. glabrata, C. krusei, S. cerevisiae, C. guilliermondii, C. neoformans (reduced FLU susceptibility)

p Significant change from left to index column, (p < 0.05), calculated by Fischer’s exact test. 
PPp<0.01. NS Non-significant change
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Species distribution in 59 patients treated with azoles



Acquired FLU resistance in C. glabrata

0

5

10

15

20

25

0,5 1 2 4 8 16 32

FLU MICs: C. glabrata

0

5

10

15

20

25

1 2 4 8 16 32

FLU MICs: C. glabrata

≥32

9.5 %
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Patients treated with fluconazole harbouring C. glabrata

Geometric mean MIC = 3 mg/L Geometric mean MIC = 4.17 mg/L

≥32



Acquired echinocandin resistance

Species Blood (%) Swab (%)

No. of isolates 

with elevated 

anidulafungin

MIC

FKS1 FKS2

C. albicans 20 (30.8) 13 (20)NS 2 F641L, D648V 

C. glabrata 31 (47.7) 34 (52.3)NS 3 WT
F659L, S663P, 

F659-del 

C. krusei 3 (4.6) 4 (6.2)NS 1 WT WT

C. tropicalis 3 (4.6) 2 (3.1)NS

C. parapsilosis 1 (1.5) 2 (3.1)NS

S. cerevisiae 2 (3.1) 4 (6.2)NS

Other Candida/yeast* 3 (4.6) 4 (6.2)NS

Total 65 65 6 (9.2 %) NA NA

Intrinsic resistance*** 1 (1.5) 3 (4.6)NS NA NA NA

*** C. parapsilosis, C. guilliermondii (reduced echinocandin susceptibility)
p Significant change from left to index column, (p < 0.05), calculated by Fischer’s exact test. PPp<0.01. NS Non-significant change
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Species distribution in 65 patients treated with echinocandins
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Species distribution in 65 patients treated with echinocandins



Four messages to remember from Part I

1. Azole treatment shift species distribution  less susceptible species

2. Acquired FLU resistance in C. glabrata isolates upon azole exposure

3. > 9 % acquired echinocandin resistance

4. Identification and susceptibility testing crucial!

• Particularly in patients exposed to treatment
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Transition to part II
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Few studies demonstrating resistant Candida found on fruit

What about selection of resistance ex vivo (in the environment)?
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Part II – azole resistant A. fumigatus in DK

Equivalently azole resistance in A. fumigatus is 

acquired by two routes

In the patient during long-term 

antifungal treatment
In the environment due 

to the use of fungicides
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Two major mechanisms found in the environment
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Mutations in the CYP51A gene induces resistance

cyp51A34TR TR34/L98H

Pan-azole resistance

Since 1998



Two major mechanisms found in the environment
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Mutations in the CYP51A gene induces resistance

cyp51A34TR TR34/L98H

46 cyp51ATR TR46/Y121F/T289A

Both appear to originate from the environment but are 

increasingly found in clinical isolates

Pan-azole resistance

Since 1998

High voriconazole resistance

Since 2011



Azole resistant A. fumigatus in 4 Danish patients
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Table from paper by Astvad, K. et al, submitted to AAC

Patient 3, azole naïve, patient 1 just two days of azole exposure.

profile



Azole resistant A. fumigatus in 4 Danish patients
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Table from paper by Astvad, K. et al, submitted to AAC

Patient 4, the first case in Denmark with the resistance genotype TR46/Y121F/T289A

profile



Azole resistant isolates spread across the environment
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TR34/L98H detected

TR46/Y121F/T289A detected

+ Iran, Kuwait, China, India, 

US and Australia

+ India

Prevalence of resistance in 

clinical isolates probably < 5 %

In Denmark



Final comment
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Resistance in both Aspergillus and Candida is present

Prevalence may be low

Identification and susceptibility testing crucial!



Acknowledgements

24

Supervisors:

MC Arendrup & HK Johansen 

Collaborators:

LM Søes, FS Rosenvinge, LE Lemming, L Nielsen, L Kristensen, E Dzajic, B Olesen

Aid and support: 

M Krøger, B Brandt, KMT Astvad, TM Hassan, EG Mathiasen, KL Mortensen

The entire mycology lab at SSI


