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

Microbiology | A Provide more information regarding microbiological test results

A Optimize diagnostic pathways and implement innovative diagno
tool, for examplea combination of biomarkers and use of PCR

A Assist with the interpretation of test results
A Adviseon environmental control (concentration of spores in the ¢
A Detect outbreaks or unexpected cases

A Adviseon therapeutic drug monitoring and give expert advice on
dose optimization

Journal of Antimicrobial Chemotherapy, 2016: 71 (Suppl 2)ili5




J. Clin. MicrobioR012, 50:1852 Detection of Amphotericin 8 Reslstance In Candiza
TABLE 1 Distribution of amphotericin B MICs for 38 dinical isolates of Candida haemulonii and closely related species as determined by five
methods 1 ithih
cthods Antifungal susceptibility
Mo of solates for which amphotericin B MIC (g/ml) was
Species (no. ofisolates)  Testsystem® 0425 019 025 038 05 ors 1 15 2| 4 & 8 16 32 testin g (AST) may be useful
. haermalovii (8) Erest-MH I | 5
= R0G | 2 f : || because of the
Witek-2 2 5
151 & 2 I ihili
S ‘ | unpredictable susceptibility
. psewdiohaermiloenii (10) st-MH 1 g 0 =
e | J . || profile of these species
Witek-2 2 3 5
CLsI 2 1 T
EUCAST 2 [ 2
. auaris (20 st-MH 1 1 7 5 B
st-RPG 5 B 5 2 2
Witek-2 13 5 2
CLsI 2 13 5
UCAST 2 15 3
Tastal (38) Eest-MH 1 1 7 5 ] 1 1 1 13
Eiest-PPC L 7 7 1 7 i . . .
Prest G o ’ b o Emerging Infectious Diseasésl. 21, 2015
Wikek-2 13 5 2 3 2 B 5
CLSI 2 13
EUCAST 5 -
FUCAsT - 15 Table 3. Available susceptibility data for uncommon Candida isolates associated with fungemia among cancer patients, Houston,
* Etest-MH, Etest on Mueller-Hintom agar supplemented with ghucose and methylene blhue; Ersst-RPC) Texas, USA*
microdihution method; ELCAST, Earopean Committes on Antimicrobial Sasceptibility Testing broth No. (%) cases; ECV, ng/mL
* Each !.1::'..11,5 W I.c:la.:.:.'. least l‘ll.'.\'.l’.‘::.I."ll’.".*.:'l‘l.ﬁ-.\!:l:.-.'H'J]L‘: for the final .-Jr_.-:-::l'e.:x.h i ._l:.'.o l..'\c_:h:-m C. guilliermondyi, C. lusitaniae, C. fl‘fEfJ-‘-". * C. famata, C. dubliniensis,
methads emcomipass all ispltes for which MICs were 32 pgimil or more, while isolates with MECs of | Medication n=24 (41%)t n =19 (28%) n=13 (19%)t n=0(10%)t n=1{1%f
ml or mare. Amphotericin B
Not 24 19 13 7 1
Wild type 24 (100); =2 19 (100); =2 NE NE 0; =2
Non—wild type 0; =2 0;=2 NE NE 1(100); =2
Fluconazole
No. 24 19 13 7 1
Wild type 20 (83), =8 16 (B4); =2 12 (92); =1 NE 1(100); =0.5
MNon—wild type 4 (17); =8 3 (16); =2 1(8); =1 NE 0, =05
Variconazole
No. 17 14 12 7 1
Wild type 13 (76); =0.25 13(93), =003 10 (83); =0.015 NE 1(100); =0.03
Non—wild type 4(24), =0.25 1(7);, =0.03 2(17), =0.015 NE 0;=0.03
ltraconazole
No. 24 19 13 7 1
Wild type 21 (88); =1 19 (100); =0.5 NE NE 1(100); =0.25
Non—wild type 3(12); =1 0; =05 NE NE 0; =0.25
Posaconazole
No. 17 14 12 7 1
Wild type 13 (76); =0.5 12 (86); =0.12 11 (92); =0.25 NE 1 (100}, =0.12
Non—wild type 4(24), =056 2(14), =012 1(8), =025 NE 0;=0.12
Caspofungin
No. 15 14 11 7 1
Wild type 13 (B7); =2 11 (79); =1 2(18); =0.03 NE 1(100); =0.12
Non—wild type 2 (13); =2% 3(21); =1 9 (82). =0.03 NE 0;=0.12

*Data were available for 57 of 68 isolates (24428 C. guilliermonai, 07 C. famala). ECYV, epidemiologic cutoff value (17); NE, not evaluable for

susceptibility isolates because there are no defined ECVs for that species.
FHumbers shown are number of isolates evaluable for susceptibility; percentages are percentage of isolates among all isolates.

IResults were the same by using a clinical breakpoint (MIC =1) or ECV.




Centers for Disease Control and Prevention

Morbidity and Mortality Weekly Report
Early Release /Vol. 65 November 4, 2016

Investigation of the First Seven Reported Cases of Candida auris, a Globally
Emerging Invasive, Multidrug-Resistant Fungus — United States,
May 2013-August 2016

TABLE. Characteristics of the first seven cases of Candida auris identified in the United States—May 2013-August 2016

Isolation Site of C. auris
Patient  month/ year State isolation Underlying medical condition(s) Qutcome®
1 May 2013 Mew York Blood Respiratory failure requiring high-dose corticosteroids Died
2 July 2015 Mew Jersey Blood Brain tumor and recent villous adenoma resection Died
3 April 2016 Maryland Blood Hematologic malignancy and bone marrow transplant Died
4 Apnl 2016 Mew York Blood Hematologic malignancy Died
5 May 2016 lliinois Blood Short gut syndrome reguining total parenteral nutrition and high-dose corticosteroid use Survived
[ July 2016 inois Lrine Paraplegia with long-term, indwelling Foley catheter Survived
7 August 2016 Mew York Ear Severe peripheral vascular disease and skull base osteomyelitis Survived
* Mortality was not necessarily attributable to C auris infection.
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emerqing Candida auris in a European
hospital
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Fig. 1 New cases of C auris per month. Total number of monthly new cases of C. gurs are listed from the 1 April 2015 to the end of July 2016
AN




EurJ Clin Microbiol Infect Dis (2015) 34:1289-1301
DOI 10.1007/510096-015-2374-1
REVIEW
}' frontiers
in Microbiology Unpredictable susceptibility of emerging clinical moulds
to tri-azoles: review of the literature and upcoming challenges
® for mould identification
CrossMark I
n Iraconazole Posaconazole Voriconazole Reference
Aspergillus fumigatus-Related pergillus flis 3 oo 0031 0254 )
. H L. H Aspergillus fumigatiaffinis 6 0.25-16 0.125-4 28 [43]
Species in Clinical Practice T e o6 0z et -
; ] i . , N , 2 4-8 0.5-2 4-8 [16]
TABLE 1 | Prevalence of Aspergillus spp. of section Fumigati other than Aspergillus fumigatus in clinical spacimens. ; . _ _ _
Aspergillus fiumisynnemaius 1 0.25 0.125 0.5-1 [16]
Country Aspergillus saction Strains other than Species (N) Aspergillus lentulus 26 0.125-16 0.03-1 0.25-16 [43]
Fumigati N strains A. fumigatus N strains (%) 14 0.25-16 0.125-2 -8 [16]
_ . , , 8 0.5-1 na 1-2 [14]
United States 147 8B [5.4%) A lantulus (4) _ N
A udagawas (3 6 1-2 0.5-1 1-4 [39]
A thermomutatus' 1) 4 0.25-0.5 0.25 1-4 [15
Spain 2 19 (5.2%) A lontulus (9) 3 4 1-2 z [61]
A novofumigatus (6) 1 0.25 0125 1 [40]
A udagawag (2) Aspergillus novafumigatus 1 16 1 16 [39]
A, viridinutans (2) 1 =8 1 8 [42
Spain 182 B3.7%) A lenfulus (3] Aspergilius viridinutans 3 1 0.5 4 [42]
A virdinutans (1) - 2 816 0.25-05 4 [16)
A thermomufatus' (1) _ .
A fiumigatiafinis () 2 1-8 <0.016-05 1-4 [56]
Portugal 2 1(3.4%) A lanfulus (1) ! 4 0.5 4 [39]
1 2 0.06 0.25-0.5 [46]
T — — Neosartorva fischeri 2 0.5-1 1-2 1 [44]
Talsomorph: Neosarlorya pseudofischer . 0.125 na 035 4]
Neosartorva hiratsukae 5 0.125-0.5 0.03-0.25 0.25-2 [16]
. op age . L 5 0.125-16 0.03-8 0.25-16 [43]
Antifungal susceptibility testing (AST)) : omsz o 0031 s
1 1 na 2 [54]
may be userI because Of the Neosartorya pseudofischeri 4 8-16 0.25-0.5 -8 [16]
. H A . 1 1 na 2 [14]
unpredictable susceptibility profile of L e ) s
A Neosartorva udagawae 8 0.125-0.5 na 0.25-1 [16]
these SpeCIES 5 0.25-1 0.125-0.25 2-4 [43]
4 14 0.25-0.5 1->16 [55]
3 0.25-2 0.125-0.25 0.5-2 [15]
2 1 0.5 1 [39]
Total 142 0.03-16 <0.016-8 0.03-=16




Antifungal drugs
and their targets

Cowen and Steinbach,
Eukaryot. Cell, 2008
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Antifungal drug resistance mechanisms of select fungal pathogel

Polyene

Triazole

Echinocandin

Candidaalbicans

Reduceeergosterotcontent;
related species with reduced
intrinsic susceptibilityC.
lusitaniae

Mutation or overexpression of
target P45Q,, (Ergll),
constitutive upregulation of
multidrug transporters, loss of
function of Erg3, Hsp9@nd
calcineurinmediated stress
responses; related species with
reduced intrinsic susceptibilities,
C.kruseiand C.glabrata

Mutation of target Fks1,
compensatorysynthesisof cell
wall components PKellwall
integrity signaling relatedspecies
with reducedintrinsic
susceptibilitiesC.guilliermondii
andC. parapsilosis

Cryptococcus neoformans

Defective sterol deltad
iIsomerase activity

Mutation or overexpression of
target P45@Q,, (Ergll),
constitutive upregulation of
multidrug transporters

Intrinsicclinicalresistance

Aspergillus fumigatus

Related species with reduced
intrinsic susceptibilityA.
terreus

Mutation or overexpression of
target P45@,, (Cyp51),
constitutive upregulation of
multidrug transporters,
reduced drug penetration

Mutation of target Fks1,
compensatory synthesis of cel
wall componentsgalcineurin
mediated stress responses

Cowen and Steinbach ,Eukaryot. Cell, 2008
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C. albicangriazole resistance mechanismg§A) Mutation or
upregulation of the target of the triazoles, cytochrome P4gf) (also
1y26y I a f idefrethylasNeRcbdeditHRG11nC.
albicang, confers resistance to triazoles by minimizing the impact of
the drug on the target. (B) Constitutive upregulation of members of and it contributes to tolerance of the echinocandins by mediating

the ABC transporter family of multidrug efflux pumps confers stress responses, including activation of the PKC cell wall integrity

resistance to multiple triazoles, and upregulation of a major fac:iIitatoil_r)‘,ﬂhway and upregulation of synthesis of other cell wall componen
transporter confers resistance to fluconazole by minimizing the impagf, .., o< chitin

of the drug on the cell. (C) Leskfunction mutation of Erg3 confers
triazole resistance by blocking the accumulation of the toxic sterol
intermediate that would otherwise accumulate when cytochrome
P45Q,pvis inhibited by the triazoles. (D) The molecular chaperone
Hsp90 stabilizes calcineurin, thereby enabling calcinedgjmendent
stress responses that are required for triazole tolerance of-tyik
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
Crzl. Cowen and Steinbach, Eukaryot. Cell, 200

C. albicanchinocandin resistance mechanism@\) Mutation of

(1,3¥ -d-glucan synthase, the target of the echinocandins encoded
FKS confers resistance to echinocandins by minimizing the impact
the drug on the cell. (B) Rhol is a positive regulator of glucan syntt



TABLE 2 Azole resistance mechanisms as they relate to MIC in serial

1solates of C. albicans from an HIV-infected patient with recurrent
oropharyngeal candidiasis®

C. albicans MIC (pg/ml)

isolate(s) FLC ITR Molecular change(s)

1 0.25 0.06 None (WT)

3 B 0.0& Increase in MDRT mENA

12-15 1632 0.12-0.25 Mutation in ERG 11 gene, loss of

heterozygosity in ERG 11,
increase in ERGI] mRNA

16,17 64128 48 > (lhcreasein COR mRNA

“ Data compiled from references 79, 95, 9%, and 97. FLC, fluconazole; ITR, itraconazole;
WT, wild type.
(One of the first demonstrations of the relationship between the

fluconazole MIC for C. albicans and fluconazole resistance mech-
mlsms is found in the work of W hltE and cul]mgues (95— CH} W hn

of 17 mquenm] |5+::lates of C. albicans 1'['{!1'11 a single HIV-
cted patient with relapsmg OPC tre 1t+:d mth increasing doses of
fluconazole = : ke ICCessive iso-

Pfaller and Diekema. Progress in Antifungal Susceptibility Testing of Candida spp. By Use of Clinical and
Laboratory Standards Institute Broth Microdilution Methods, 2010 to 2012. J. Clin. Microbiol . 2012;50:2846 .



TABLE 3 Impact of resistance mechanisms on the in vitro susceptibility
of C. albicans to voriconazole and posaconazole”

Resistance mechanismis) MIC {pg/ml)
Strain CDR* ERG 11° VEC PSC
D5SY 204 Basal WT/WT 0007 0.03
DSY 296 Increase Gded 5/ G4ad S5 2 0.25
DSY3083 Rasal CGa645/GA645D 0.12 C0.030
DSY 3604 Basal GA4adSIWT 0.0& 0.03

DSY 3606 <Increase WT/WT__> <012 0.25>

# Data compiled from reference 41. VRC, voriconarole; PSC, posaconazole; WT, wild
type.

¥ Data represent the level of expression of CORIJCDR2 efflux pumps.

 Data represent wild type or a mutation (G4648) in either or both of two ERG 11

alleles.

As with fluconazole, the re]atlon ship between the voriconazole
and posaconazole MICs for d arole remstance mech-
emonstrated using an isogenic serie
one or more resistance mechanisms (41). MacCallam et al.
[41) employed sequential genetic manipulations of a single strain
of C. albicans to demonstrate the impact of the level of expression
CDR efflux pumps and the presence or absence of mutations in
level of resistance to voriconazole and pos
[Table 3). An increase Nmrtreexpresstomr ol TR genes coupled

Pfaller and Diekema. Progress in Antifungal Susceptibility Testing of Candida spp. By Use of Clinical and
Laboratory Standards Institute Broth Microdilution Methods, 2010 to 2012. J. Clin. Microbiol . 2012;50:2846 .



Azole resistance mechanismsGdrglabrata (1)
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The vast majority of azolesistant isolates upregulate Aihding cassette
(ABC}ransporter genes, among whicbgCDRand CgCDR@lay a major role.
This upregulation is mediated by a transcriptional activafgfP DR 1that belongs
to the family of zinc finger transcription factors with £8yg;, domains.

Azole resistance mechanisms excluding effhediated mechanisms are very
uncommon. There is a single report documenting that the azole taEfRG(L
was rendered no#unctional by arERG1nutation in a clinical isolate (Hut al.
2012).

This is in sharp contrast with the high incidence of this type of resistance
mechanism irC. albicangSanglard and Odds 2002), however with the differen
that mutations are affecting azole affinity @ albicans



Azole resistance mechanisms(drglabrata(2)

Mutations inCgPDRJ1so-called gairof-function (GOF) mutations, are
responsible for the high expression of ABC transporters in @eslstant

Isolates.

CgPDRinteracts with the Mediator complex, thus creating a link between the
activator and the transcriptional machinery@ glabrata(Thakuret al.2008).
CgPDRIiegulates othelC. glabratagenes through its direct binding to the target
genes via PDRE.

Thus, GOF mutations @¢gPDRhave not only an effect on ABC transporter
genes, but they also affect several other target genes involved in other cellule
processes.



C. glabrataissue burdens in a murine systemic infectior

model
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Ferrariet al.,PLoS Pathog. 2009



Virulenceof C.glabratais dependenton CQPDRGOF

mutations
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A

Gain-of-Function Mutations in PDRI, a Regulator of Antifungal Drug
Resistance in Candida glabrata, Control Adherence to Host Cells

Luis Vale-Silva,* Frangoise Ischer,® Salomé Leibundgut-Landmann,” Dominique Sanglard®

A GOF mutations i€gPDR{lid not influence survival and replication
within macrophagedollowing phagocytosis buéd to decreased
adherence to and uptake by macrophageBhis may allow evasion from
the hostQ innate cellular immune response.

A The interaction with epithelial cells revealed an opposite trend
suggesting thaGOF mutations ilCgPDRInay favor epithelial
colonization of the hosby C. glabratahrough increased adherence to
epithelial cell layers.

A These data reveal th&@OF mutations irtCgPDRnodulate the
Interaction with host cellsn ways that may contribute to increased
virulence.



Influence ofPDRIhyperactivity andEPAlon the colonization of the bladder (and kidney) by
C. glabratan the murine urinary tract infection (UTI) model



