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Potential activities that the clinical microbiologist, as a 
member of the antifungal stewardship (AFS) team, 

may perform

Microbiology Å Provide more information regarding microbiological test results

Å Optimize diagnostic pathways and implement innovative diagnostic 
tool, for example,a combination of biomarkers and use of PCR

Å Assist with the interpretation of test results

Å Adviseon environmental control (concentration of spores in the air)

Å Detect outbreaks or unexpected cases

Å Adviseon therapeutic drug monitoring and give expert advice on 
dose optimization  
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Antifungal susceptibility 
testing (AST) may be useful 
because of the 
unpredictable susceptibility 
profile of these species
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Antifungal drugs 
and their targets

Cowen and Steinbach, 
Eukaryot. Cell, 2008



Antifungal drug resistance mechanisms of select fungal pathogens

Antifungal drug class Description

Candida albicans Cryptococcus neoformans Aspergillus fumigatus

Polyene Reduced-ergosterol-content; 
related species with reduced 
intrinsic susceptibility, C. 
lusitaniae

Defective sterol delta8-7 
isomerase activity

Related species with reduced 
intrinsic susceptibility, A. 
terreus

Triazole Mutation or overexpression of 
target P450DM (Erg11), 
constitutive upregulation of 
multidrug transporters, loss of 
function of Erg3, Hsp90- and 
calcineurin-mediated stress 
responses; related species with 
reduced intrinsic susceptibilities, 
C. kruseiand C. glabrata

Mutation or overexpression of 
target P450DM (Erg11), 
constitutive upregulation of 
multidrug transporters

Mutation or overexpression of 
target P450DM (Cyp51), 
constitutive upregulation of 
multidrug transporters, 
reduced drug penetration

Echinocandin Mutation of target Fks1, 
compensatorysynthesisof cell
wall components, PKC cellwall
integritysignaling; relatedspecies 
with reducedintrinsic
susceptibilities, C. guilliermondii
and C. parapsilosis

Intrinsicclinicalresistance Mutation of target Fks1, 
compensatory synthesis of cell 
wall components, calcineurin-
mediated stress responses

Cowen and Steinbach ,Eukaryot. Cell, 2008



C. albicans triazole resistance mechanisms. (A) Mutation or 
upregulation of the target of the triazoles, cytochrome P45014DM(also 
ƪƴƻǿƴ ŀǎ ƭŀƴƻǎǘŜǊƻƭ мпʰ-demethylase; encoded by ERG11in C. 
albicans), confers resistance to triazoles by minimizing the impact of 
the drug on the target. (B) Constitutive upregulation of members of 
the ABC transporter family of multidrug efflux pumps confers 
resistance to multiple triazoles, and upregulation of a major facilitator 
transporter confers resistance to fluconazole by minimizing the impact 
of the drug on the cell. (C) Loss-of-function mutation of Erg3 confers 
triazole resistance by blocking the accumulation of the toxic sterol 
intermediate that would otherwise accumulate when cytochrome 
P45014DM is inhibited by the triazoles. (D) The molecular chaperone 
Hsp90 stabilizes calcineurin, thereby enabling calcineurin-dependent 
stress responses that are required for triazole tolerance of wild-type 
strains and resistance of many mutants, including those with loss of 
function of Erg3. Multiple downstream effectors of calcineurin 
mediate cellular responses to azoles, including the transcription factor 
Crz1.

C. albicansechinocandin resistance mechanisms. (A) Mutation of 
(1,3)- -̡d-glucan synthase, the target of the echinocandins encoded by 
FKS1, confers resistance to echinocandins by minimizing the impact of 
the drug on the cell. (B) Rho1 is a positive regulator of glucan synthase, 
and it contributes to tolerance of the echinocandins by mediating 
stress responses, including activation of the PKC cell wall integrity 
pathway and upregulation of synthesis of other cell wall components, 
such as chitin.

Cowen and Steinbach, Eukaryot. Cell, 2008
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ω The vast majority of azole-resistant isolates upregulate ATP-binding cassette 

(ABC) transporter genes, among which CgCDR1 and CgCDR2 play a major role. 

ω This upregulation is mediated by a transcriptional activator, CgPDR1, that belongs 

to the family of zinc finger transcription factors with Zn(2)Cys(6) domains.

ω Azole resistance mechanisms excluding efflux-mediated mechanisms are very 

uncommon. There is a single report documenting that the azole target (ERG11) 

was rendered non-functional by an ERG11 mutation in a clinical isolate (Hull et al. 

2012). 

ω This is in sharp contrast with the high incidence of this type of resistance 

mechanism in C. albicans (Sanglard and Odds 2002), however with the difference 

that mutations are affecting azole affinity in C. albicans.

Azole resistance mechanisms in C. glabrata(1)



ω Mutations in CgPDR1, so-called gain-of-function (GOF) mutations, are 

responsible for the high expression of ABC transporters in azole-resistant 

isolates. 

ω CgPDR1 interacts with the Mediator complex, thus creating a link between the 

activator and the transcriptional machinery in C. glabrata (Thakur et al. 2008). 

ω CgPDR1 regulates other C. glabrata genes through its direct binding to the target 

genes via PDRE. 

ω Thus, GOF mutations in CgPDR1 have not only an effect on ABC transporter 

genes, but they also affect several other target genes involved in other cellular 

processes.

Azole resistance mechanisms in C. glabrata(2)



C. glabratatissue burdens in a murine systemic infection 
model 

Ferrari et al., PLoS Pathog. 2009



Virulenceof C. glabrata is dependenton CgPDR1GOF 
mutations

Ferrari et al., PLoS Pathog. 2009



ÅGOF mutations in CgPDR1 did not influence survival and replication 

within macrophagesfollowing phagocytosis but led to decreased 

adherence to and uptake by macrophages. This may allow evasion from 

the hostΩs innate cellular immune response. 

Å The interaction with epithelial cells revealed an opposite trend, 

suggesting that GOF mutations in CgPDR1 may favor epithelial 

colonization of the host by C. glabrata through increased adherence to 

epithelial cell layers. 

Å These data reveal that GOF mutations in CgPDR1 modulate the 

interaction with host cells in ways that may contribute to increased 

virulence.



Influence of PDR1hyperactivity and EPA1on the colonization of the bladder (and kidney) by 
C. glabrata in the murine urinary tract infection (UTI) model


