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Mycology Laboratory

Mycology Laboratory at the Wadsworth Center, New York State Department of Health (NYSDOH) is a
reference diagnostic laboratory for fungal diseases. The services include testing for dimorphic pathogenic
fungi, unusual molds and yeasts pathogens, antifungal susceptibility testing including tests with research
protocols, molecular tests including rapid identification and strain typing, outbreak and pseudo-outbreak
investigations, laboratory contamination and accident investigations and environmental samples related to
fungal diseases. The laboratory maintains proficiency and certification for handling Select Agents and to
assist clinical laboratories in compliance with the latest regulations. Fungal Culture Collection of mycology
laboratory is an important resource for high quality cultures used for proficiency testing program and for in

house development of new diagnostic tests.

Mycology Proficiency Testing Program provides technical expertise to NYSDOH Clinical Laboratory
Evaluation Program (CLEP). The program is responsible for conducting the CLIA-compliant proficiency
testing (Mycology) for clinical laboratories in New York. All analytes for these test events are prepared and
standardized internally. The program also provides continuing educational activities in form of detailed

critiques of test events, workshops and occasional one-on-one training of laboratory professionals.

Mycology Laboratory Staff and Contact Details

Name

Dr. Vishnu Chaturvedi Director 518-474-4177

\ Responsibility Phone Email
vishnu@wadsworth.org

Dr. Sudha Chaturvedi

Deputy Director
(In-Charge, Diagnostics)

schaturv@wadsworth.org

518-474-4177

mycologypt@wadsworth.org

Dr. Ping Ren PT Program Coordinator | 518-474-4177 renp@wadsworth.org
R h Scienti | i i h.
Ms. Xianjiang Li _esearc ) Sc1en'F|st 518-186-3820 mycologydianostics@wadsworth.org
(Diagnostic Section)
Ms. Tanya Victor Research Scientist 518-474-4177 mycologydiagnostics@wadsworth.org

(Molecular Section)
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Mycology Proficiency Testing Program (PTP)

CATEGORY DESCRIPTION

COMPREHENSIVE: This category is for laboratories that examine clinical specimens for pathogenic molds
and yeasts routinely encountered in a clinical microbiology laboratory. These laboratories are expected to
identify fungi to the genus and species level as appropriate. Laboratories holding this category may also
perform antifungal susceptibility testing, antigen detection, molecular identification or other tests

described under any of the categories listed below.

RESTRICTED: This category is for laboratories that restrict their testing to one or more of the following:

IDENTIFICATION YEAST ONLY: This category is for laboratories that isolate and identify to genus and

species, as appropriate, yeast-like fungi routinely encountered in a clinical microbiology laboratory.
Laboratories holding this category may also perform susceptibility testing on yeast. These
laboratories are expected to refer mold specimens to another laboratory holding Mycology —

Comprehensive permit.

ANTIGEN DETECTION: This category is for laboratories that perform direct antigen detection methods.

MOLECULAR METHODS: This category is for laboratories that use FDA-approved or lab-developed
molecular methods for detecting, identifying, typing, characterizing or determining drug resistance of
infectious agents. Laboratories using molecular methods under another Restricted permit category
(e.g. Restricted: Antigen detection) or those holding a Comprehensive category permit, do not need

to request this molecular method category.

OTHER: This category is for laboratories that perform only specialized tests such as KOH mounts, wet
mounts, PNA-FISH or any other mycology test not covered in the categories above or when no New York

State proficiency test is available.
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PROFICIENCY TESTING ANALYTES OFFERED

(CMS regulated analytes or tests are indicated with an asterisk)

COMPREHENSIVE

e Culture and Identification*
e Susceptibility testing

e Cryptococcus neoformans Antigen Detection

RESTRICTED

Identification Yeast Only
e Culture and Identification of yeast*

e Susceptibility testing of yeasts and molds

Antigen Detection

e Cryptococcus neoformans* Antigen detection

Molecular Methods

e No proficiency testing is offered at this time.
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TEST SPECIMENS & GRADING POLICY

Test Specimens

At least two strains of each mold or yeast specimens are examined for inclusion in the proficiency test
event. The colony morphology of molds is studied on Sabouraud dextrose agar. The microscopic
morphologic features are examined by potato dextrose agar slide cultures. The physiological characteristics
such as cycloheximide sensitivity and growth at higher temperatures are investigated with appropriate test
media. The strain that best demonstrates the morphologic and physiologic characteristics typical of the
species is included as a test analyte. Similarly, two or more strains of yeast species are examined for
inclusion in the proficiency test. The colony morphology of all yeast strains is studied on corn meal agar
with Tween 80 plates inoculated by Dalmau or streak-cut method. Carbohydrate assimilation is studied with
the API 20C AUX identification kit (The use of brand and/or trade names in this report does not constitute
an endorsement of the products on the part of the Wadsworth Center or the New York State Department of
Health). The fermentations of carbohydrates, i.e., glucose, maltose, sucrose, lactose, trehalose, and
cellobiose, are also documented using classical approaches. Additional physiologic characteristics such as
nitrate assimilation, urease activity, and cycloheximide sensitivity are investigated with the appropriate test
media. The strain that best demonstrates the morphologic and physiologic characteristics of the proposed
test analyte, is included as test analyte. The morphologic features are matched with molecular

identification using PCR and nucleotide sequencing of ribosomal ITS1 — ITS2 regions.

Grading Policy

A laboratory’s response for each sample is compared with the responses that reflect 80% agreement of 10
referee laboratories and/or 80 percent of all participating laboratories. The referee laboratories are
selected at random from among hospital laboratories participating in the program. They represent all
geographical areas of New York State and must have a record of excellent performance during the
preceding three years. The score in each event is established by total number of correct responses
submitted by the laboratory divided by the number of organisms present plus the number of incorrect

organisms reported by the laboratory multiplied by 100 as per the formula shown on the next page.
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# of acceptable responses x 100
# of fungi present + # incorrect responses

For molds and yeast specimens, a facility can elect to process only those analytes that match the type of
clinical materials included within the scope of the facility’s standard operating procedures (SOP). Similarly,
the participating laboratory can elect to provide only genus level identification if it reflects the SOP for
patient testing in the concerned facility. In all such instances, a maximum score of 100 will be equally
distributed among the number of test analytes selected by the laboratory. The rest of the score algorithm

will be similar to the aforementioned formula.

Acceptable results for antifungal susceptibility testing are based on consensus/references laboratories MIC
values within +/- 2 dilutions and interpretation per CLSI (NCCLS) guidelines or related, peer-reviewed
publications. One yeast and/or mold is to be tested against following drugs: amphotericin B, anidulafungin,
caspofungin, flucytosine (not for molds), fluconazole, itraconazole, ketoconazole, micafungin, posaconazole,
and voriconazole. The participating laboratories are free to select any number of antifungal drugs from the
test panel based upon test practices in their facilities. A maximum score of 100 is equally distributed to
account for the drugs selected by an individual laboratory. If the result for any drug is incorrect then

laboratory gets a score of zero for that particular test component or set.

For Cryptococcus neoformans antigen test, laboratories are evaluated on the basis of their responses and
on overall performance for all the analytes tested in the Direct Detection category. The maximum score for
this event is 100. Appropriate responses are determined by 80% agreement among participant responses.
Target values and acceptable ranges are mean value +/- 2 dilutions; positive or negative answers will be
acceptable from laboratories that do not report antigen titers. When both qualitative and quantitative
results are reported for an analyte, ten points are deducted for each incorrect result. When only qualitative

OR quantitative results are reported, twenty points are deducted from each incorrect result.

A failure to attain an overall score of 80% is considered unsatisfactory performance. Laboratories receiving
unsatisfactory scores in two out of three consecutive proficiency test events may be subject to ‘cease

testing’.
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TEST ANALYTE MASTER LISTS

Mold Master List

The mold master list is intended to provide guidance to the participating laboratories about the scope of
the Mycology (Comprehensive) Proficiency Testing Program. The list includes most common pathogenic
and non-pathogenic fungi likely to be encountered in the laboratory. The list is compiled from published
peer-reviewed reports as well as current practices in other proficiency testing programs. This list is meant
to illustrate acceptable identification used in grading of responses received after each test event. However,
the laboratory can elect to provide only genus level identification if it reflects the standard operating
procedures (SOP) for patient testing. This list does not include all molds that might be encountered in a
clinical laboratory nor is it intended to be used for competency assessment of laboratory personnel in

diagnostic mycology.

The nomenclature used in the mold master list is based upon currently recognized species in published
literature, monographs and in catalogues of recognized culture collections. No attempt has been made to
include teleomorphic states of fungi if they are not routinely encountered in the clinical specimens. Where
appropriate, current nomenclature has been included under parentheses to indicate that commonly
accepted genus and/or species name is no longer valid, e.g. Phaeoannellomyces werneckii (Hortea
werneckii). These guidelines supersede any previous instructions for identification of molds. The list is
subject to change in response to significant changes in nomenclature, human disease incidence or other

factors.
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Absidia corymbifera
Absidia species
Acremonium species
Alternaria species
Arthrographis species
Aspergillus clavatus
Aspergillus flavus
Aspergillus fumigatus species complex
Aspergillus glaucus
Aspergillus glaucus group
Aspergillus nidulans
Aspergillus niger
Aspergillus species
Aspergillus terreus
Aspergillus versicolor
Aureobasidium pullulans
Aureobasidium species
Basidiobolus ranarum
Beauveria species

Bipolaris species
Blastomyces dermatitidis
Chaetomium globosum
Chaetomium species
Chrysosporium species
Cladophialophora bantiana
Cladophialophora boppii
Cladophialophora carrionii species complex
Cladophialophora species

Cladosporium species

Coccidioides immitis

Coccidioides species

Cokeromyces recurvatus

Conidiobolus coronatus
Cunninghamella bertholletiae
Cunninghamella species

Curvularia species

Drechslera species

Emmonsia parva

Epicoccum species

Epidermophyton floccosum

Exophiala (Wangiella) dermatitidis
Exophiala jeanselmei species complex
Exophiala species

Exserohilum species

Fonsecaea species

Fusarium oxysporum species complex
Fusarium solani species complex
Fusarium species

Gliocladium species
Helminthosporium species
Histoplasma capsulatum

Hormonema dematioides
Malbranchea species

Microsporum audouinii

Microsporum canis

Microsporum cookei

Microsporum gypseum species complex

Microsporum nanum
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Microsporum persicolor
Microsporum species
Mucor circinelloides
Mucor plumbeus
Mucor racemosus
Mucor species
Nigrospora species
Paecilomyces lilacinus
Paecilomyces species
Paecilomyces variotii
Penicillium marneffei

Penicillium species

Phaeoannellomyces werneckii (Hortaea werneckii)

Phialophora richardsiae

Phialophora species

Phialophora verrucosa species complex
Phoma species

Pithomyces species

Pseudallescheria boydii species complex
Pseudallescheria species

Rhizomucor pusillus

Rhizomucor species

Rhizopus oryzae

Rhizopus species

Scedosporium apiospermum
(Pseudallescheria apiospermum)
Scedosporium prolificans (inflatum)
Scedosporium species

Scopulariopsis brevicaulis

Scopulariopsis brumptii
Scopulariopsis species

Scytalidium hyalinum

Scytalidium species

Sepedonium species

Sporothrix schenckii species complex
Stachybotrys atra (chartarum / alternans)
Stachybotrys species
Syncephalastrum racemosum
Syncephalastrum species
Trichoderma species

Trichophyton ajelloi

Trichophyton interdigitale
Trichophyton mentagrophytes species complex
Trichophyton rubrum

Trichophyton schoenleinii
Trichophyton species

Trichophyton terrestre

Trichophyton tonsurans
Trichophyton verrucosum
Trichophyton violaceum
Trichothecium species

Ulocladium species

Ustilago species

Verticillium species
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Yeast Master List

The yeast master list is intended to provide guidance to the participating laboratories about the scope of
the Mycology -Restricted to Yeasts Only Proficiency Testing Program. This list includes most common
pathogenic and non-pathogenic yeasts likely to be encountered in the clinical laboratory. The list is
compiled from published peer-reviewed reports as well as current practices in other proficiency testing
programs. The list is meant to illustrate acceptable identifications used in grading of responses received
after each test event. However, the laboratory can elect to provide only genus level identification if it
reflects the standard operating procedures (SOP) for patient testing. This list does not include all yeasts that
might be encountered in a clinical laboratory nor is it intended to be used for competency assessment of

the laboratory personnel in diagnostic mycology.

The nomenclature used in this list is based upon currently recognized species in published literature,
monographs, and catalogues of recognized culture collections. No attempt has been made to include
teleomorphic states of fungi if they are not routinely encountered in the clinical specimens. Where
appropriate, current nomenclature has been included under parentheses to indicate that commonly
accepted genus and/or species name is no longer valid, e.g. Blastoschizomyces capitatus (Geotrichum
capitatum). These guidelines supersede any previous instructions for identification of yeasts. The list is
subject to change in response to significant changes in nomenclature, human disease incidence or other

factors.
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Blastoschizomyces capitatus
(Geotrichum capitatum)

Blastoschizomyces species

Candida albicans

Candida dubliniensis

Candida famata

Candida glabrata

Candida guilliermondii species complex
Candida kefyr

Candida krusei

Candida lipolytica (Yarrowia lipolytica)
Candida lusitaniae

Candida norvegensis

Candida parapsilosis species complex
Candida rugosa

Candida species

Candida tropicalis

Candida viswanathii

Candida zeylanoides

Cryptococcus albidus

Cryptococcus gattii

Cryptococcus laurentii

Cryptococcus neoformans
Cryptococcus neoformans-
Cryptococcus gattii species complex

Cryptococcus species
Cryptococcus terreus

Cryptococcus uniguttulatus
Geotrichum candidum
Geotrichum species

Hansenula anomala (Candida pelliculosa)

Malassezia furfur

Malassezia pachydermatis
Malassezia species

Pichia ohmeri (Kodamaea ohmeri)
Prototheca species

Prototheca wickerhamii
Prototheca zopfii

Rhodotorula glutinis

Rhodotorula minuta

Rhodotorula mucilaginosa (rubra)
Rhodotorula species
Saccharomyces cerevisiae
Saccharomyces species
Sporobolomyces salmonicolor
Trichosporon asahii

Trichosporon inkin

Trichosporon mucoides
Trichosporon species
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Summary of Laboratory Performance:

Mycology — Mold

Laboratories
. Validated Acceptable with correct responses /
Specimen key R .
specimen answers Total laboratories
(% correct responses)

M-1 Pithomyces species Pithomyces species 57/66 (86%)
M-2 Trichoderma species Trichoderma species 65/66 (98%)
M-3 Fonsecaea species Fonsecaea species 63/66 (95%)
M-4 Trichophyton tonsurans Trichophyton tonsurans 54/66 (82%)
M-5 Rhizomucor species Rhizomucor species Rhizomucor pusillus 57/66 (86%)

Mycology — Yeast Only

Specimen key

Validated specimen

Laboratories
with correct responses /
Total laboratories
(% correct responses)

Y-1 Candida tropicalis Candida tropicalis 56/56 (100%)
Y-2 Candida krusei Candida krusei 51/56 (91%)
Y-3 Candida kefyr Candida kefyr 55/56 (98%)
Y-4 Candida glabrata Candida glabrata 56/56 (100%)
Y-5 Candida parapsilosis Candida parapsilosis 56/56 (100%)

Mycology — Direct detection (Cryptococcus Antigen Test)

Correct responses /
Total laboratories

Specimen key (Titer)

Validated specimen

(% correct responses)

Qualitative Quantitative
Cn-Ag-1 Negative Negative 67/68 (99%) NA
Cn-Ag-2 Negative Negative 68/68 (100%) NA
Cn-Ag-3 Negative Negative 68/68 (100%) NA
Cn-Ag-4 Positive (1:256) Positive (1:256) 68/68 (100%) 62/63 (98%)
Cn-Ag-5 Negative Negative 67/68 (99%) NA
12 Mycology Laboratory September 2011: Mycology Proficiency Testing Program
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Antifungal Susceptibility Testing for Yeast (S-1: Candida parapsiolosis M957)

Drugs

Acceptable MIC
(ng/ml) Range

Acceptable
interpretation

Laboratories with acceptable
responses/ Total laboratories
(% correct responses)

Susceptible / No

Amphotericin B 0.12-2.0 . < 23/23 (100%)
interpretation
Anidulafungin 0.5-2.0 Susceptible 17/17 (100%)
Caspofungin 0.12-2.0 Susceptible 22/22 (100%)
Flucytosine (5-FC) 0.015-0.25 Susceptible 26/26 (100%)
Fluconazole 0.25-4.0 Susceptible 30/31 (97%)
Itraconazole 0.03-0.5 Susceptible 30/30 (100%)
Ketoconzole 0.03-0.25 Susceptible /No 5/5 (100%)
interpretation
. . Susceptible / o
Micafungin 0.5-8.0 Nonsusceptible 17/17 (100%)
Posaconazole 0.015-0.25 Susceptible / No 18/18 (100%)
interpretation
Voriconazole 0.004 - 0.06 Susceptible 24/24 (100%)

Antifungal SusceptibilityTesting for Mold (MS-1.: Aspergillus fumigatus M2036)

Laboratories with acceptable

Drugs Acceptable MIC (ug/ml) Range responses / Total laboratories (%)
Amphotericin B 0.12-2.0 6/6 (100%)
Anidulafungin 0.004 -0.06 4/4 (100%)
Caspofungin 0.015-2.0 4/5 (80%)
Fluconazole > 64 5/5 (100%)
Itraconazole 0.12-2.0 6/6 (100%)
Ketoconzole Not validated NA
Micafungin 0.004 -0.06 4/4 (100%)
Posaconazole 0.06-1.0 5/5 (100%)
Voriconazole 0.12-2.0 5/5 (100%)
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Commercial Device Usage Statistics:

(Commercial devices/ systems/ methods used for fungal identification,

susceptibility testing or antigen detection)

Process/ Device Iabo?ac:;)ries
Yeast Identification*

API 20C AUX 46

AMS Vitek 4

Vitek2 23

Remel Uni-Yeast-Tek 6

Microscan 1

API 20C AUX 46

Antifungal Susceptibility*

YeastOne -Yeast 26

YeastOne- Mold 3

Etest 3

Disk diffusion 1

Vitek2 1

Others’ - Yeast 3

Others - Mold 3

LA Cryptococcal antigen

Immuno-Mycologics 10
Meridien Diagnostics 45
Remel 13

* Include multiple systems used by some laboratories
¥ Include laboratories using CLSI Microbroth dilution method

14
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MOLD DESCRIPTIONS

M-1. Pithomyces species

Source: Toe

CLINICAL SIGNIFICANCE: Pithomyces spp. may rarely cause human disease. Two strains deposited in the
CBS-KNAW Fungal Biodiversity Centre Culture Collection (CBS 243.96 and 244.96) originated from chronic

nasal polyposis and skin scrapings of patients in California. Pithomyces species might be encountered as a
contaminant in the clinical specimens. Pithomyces chartarum causes pithomycotoxicosis (facial eczema) in

ruminants.

COLONY: Pithomyces spp. grew at moderate rate in the laboratory (Figure 1). The colonies were grey to

black, downy (‘featherlike projections’) on Sabouraud’s dextrose agar, 25°C.

MICROSCOPY: Lactophenol cotton blue mount showed muriform (brick wall pattern) conidia on

conidiophores; conidiophore was indistinguishable from hyphae (Figure 1). Conidia were dark brown,
broadly ellipsoidal, and echinulate (‘spikes’) or verrucose (wart-like projections). An annular frill at the base

of the conidium was visible after detachment.

DIFFERENTIATION: Pithomyces spp. differ from Alternaria spp. and Ulocladium spp. by the lack of geniculate

(bent) conidiophores, and solitary conidia. Pithomyces spp. differ from Bipolaris, Curvularia, and Drechslera
by muriform (brickwall pattern) conidia and from Stemphylium by lacking percurrent (extending through

the length) proliferation.
IMOLECULAR TEST: No specific diagnostic test has been described in the published literature.

The ribosomal ITS1 and ITS2 regions of the test isolate showed 100 % nucleotide identity with Pithomyces
chartarum (Leptosphaerulina chartarum) isolate ATT044 (GenBank accession no. HQ607815.1).

ANTIFUNGAL SUSCEPTIBILITY: No information is available.

PARTICIPANT PERFORMANCE:

Referee Laboratories with correct ID: 09
Laboratories with correct ID: 57
Laboratories with incorrect ID: 09
(Ulacladium spp.) (5)
(Acremonium spp.) (1)
(Arthrographis spp.) (1)
(Aureobasidium pullulans) (1)
(Ustilago spp.) (1)
Mycology Laboratory September 2011: Mycology Proficiency Testing Program 15
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Illustrations:

FIGURE 1. (Upper panel) Five-day-old, grey,’downy’colony of Pithomyces sp. on Sabouraud’s dextrose agar; the
reverse of the colony appears olive brown to black. (Lower panel) Microscopic morphology of Pithomyces spp. showing
septate brown hyphae, muriform conidia (400x magnification).

PR
o
®\—_v
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FIGURE 1A. (Upper panel) Scanning electron micrograph of Pithomyces spp. with characteristic ellipsoidal, echinulate or
verrucose conidia and inconspicuous conidiophores (Bar = 10 um; Lower panel) Line drawings to highlight microscopic features
of Pithomyces spp.

http: e mycobank org/Myco Taxo. aspe? Link=T &R ec=3 37066
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Further reading:

Roux C. 1986. Leptosphaerulina chartarum sp. nov, the teleomorph of Pithomyces chartarum. Trans Brit

Mycol Soc. 86: 319-323.

Baxter DM, Perkins JL, McGhee CR, Seltzer JM. 2005. A regional comparison of mold spore concentrations
outdoors and inside "clean" and "mold contaminated" Southern California buildings. J Occup Environ Hyg. 2:

8-18.

Pinto C, Santos VM, Dinis J, Peleteiro MC, Fitzgerald JM, Hawkes AD, Smith BL. 2005. Pitomycotoxicosis

(facial eczema) ruminants in the Azores, Portugal. Vet Record 157: 805-810.

Green BJ, Tovey ER, Beezhold DH, Perzanowski MS, Acosta LM, Divjan Al, Chew GL. 2009. Surveillance of

fungal allergic sensitization using the fluorescent halogen immunoassay. J Mycol Med. 19:253-261.
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M-2 Trichoderma species

Source: Hair

CLINICAL SIGNIFICANCE: Trichoderma spp. rarely cause systemic infection in humans. However, many

systemic infections have been reported from patients with debilitating underlying conditions.

COLONY: Trichoderma colony was fast growing, white turning into wooly texture with green tufts on

Sabouraud’s dextrose agar, after 7 days at 25°C. The reverse was pale to yellowish (figure 2).

MICROSCOPY: Lactophenol cotton blue mount showed branched conidiophores with pyramidal

arrangement (Figure 2). Phialides were mostly single and flask-shaped. Greenish condia were globose,

semiglobose, or like an ellipsoid.

DIFFERENTIATION: Trichoderma spp. have characteristic macroscopic and microscopic morphology for easy

differentiation from other molds. This fungus has flask shaped phialides while Gliocladium spp. reported by

one laboratory has Penicillium-like phialides and conidiophores.

MOLECULAR TEST: A PCR diagnostic test targeting the ribosomal DNA internal transcribed spacer (ITS)

regions of Trichoderma spp., has been described. The ribosomal ITS1 and ITS2 regions of the test isolate
showed 100 % nucleotide identity with Trichoderma asperellum strain LT85 (Genebank accession no.

HQ392486.1).

ANTIFUNGAL SUSCEPTIBILITY: Amphotericin MICs for Trichoderma spp. is variable (0.06 - 2.0 ug/ml),

voriconazole MIC is in the susceptible range while the fungus is resistant to fluconazole and 5-

fluorocytosine.

PARTICIPANT PERFORMANCE:

Referee Laboratories with correct ID: 10
Laboratories with correct ID: 65
Laboratories with incorrect ID: 01
(Gliocladium sp.) (1)
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Illustrations:

FIGURE 2. Seven-day-old, colony of Trichoderma spp. with wooly texture and green tufts, Sabouraud’s dextrose agar, 25°C;
the reverse is pale to yellowish (Upper panels). (Lower panel) Microscopic morphology of Trichoderma spp. showing branched
conidiophore with pyramidal arrangement (400x magnification). Phialides are mostly single and flask-shaped bearing globose,
semiglobose, or ellipsoidal, greenish conidia on the tip.
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FIGURE 2A. Scanning electron micrograph of conidia and conidiophores of Trichoderma spp. on Sabouraud’s dextrose agar;
(Bar = 10 um; upper panel). Line drawings of phialides and conidia (lower panel).

http: fferanar mycobanle, DrngYCDTEIXEI.&SIJX?LiI]lFT&REC:34E|299
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Further reading:

Espinel-Ingroff A. 2001. In vitro fungicidal activities of voriconazole, itraconazole, and amphotericin B

against opportunistic moniliaceous and dematiaceous fungi. J Clin Microbiol. 39: 954-958.

Chouaki T, Lavarde V, Lachaud L, Raccurt CP, Hennequin, C. 2002. Invasive infections due to Trichoderma
species: report of 2 cases, findings of in vitro susceptibility testing, and review of the literature. Clin Infec

Dis. 35: 1360-1367.

Kredics L, Antal Z, Doczi |, Manczinger L, Kevei F, Nagy, E. 2003. Clinical importance of the genus

Trichoderma. A review. Acta Microbiol Immunol Hung. 50(2-3): 105-117.

De Miguel D, Gomez P, Gonzalez R, Garcia-Suarez J, Cuadros JA, Banas MH, Romanyk J, Burgaleta C. 2005.
Nonfatal pulmonary Trichoderma viride infection in an adult patient with acute myeloid leukemia: report of

one case and review of the literature. Diagn Microbiol Infect Dis. 53: 33-37.

Kratzer C, Tobudic S, Schmoll M, Graninger W, Georgopoulos A. 2006. In vitro activity and synergism of
amphotericin B, azoles and cationic antimicrobials against the emerging pathogen Trichoderma spp. J

Antimicrob Chemother. 58: 1058-1061.

Alanio A, Brethon B, Feuilhade de Chauvin M, de Kerviler E, Leblanc T, Lacroix C, Baruchel A, Menotti J.
2008. Invasive pulmonary infection due to Trichoderma longibrachiatum mimicking invasive aspergillosis in
a neutropenic patient successfully treated with voriconazole combined with caspofungin. Clin Infect Dis. 46:

el16-118.

Kantarcioglu AS, Celkan T, Yicel A, Mikami Y, Kurugoglu S, Mitani H, Altas K. 2009. Fatal Trichoderma

harzianum infection in a leukemic pediatric patient. Med Mycol. 47: 207-215.

Santillan Salas CF, Joshi AY, Dhiman N, Banerjee R, Huskins WC, Wengenack NL, Henry NK. 2011. Fatal post-
operative Trichoderma longibrachiatum mediastinitis and peritonitis in a paediatric patient with complex

congenital cardiac disease on peritoneal dialysis. J Med Microbiol. 60: 1869-1871.
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M-3 Fonsecaea species

Source: Skin

CLINICAL SIGNIFICANCE: Fonsecaea spp. include causal agents of chromoblastomycosis. This disease is a

chronic localized infection of the skin and subcutaneous tissue that follows from traumatic implantation of
the etiologic agent. Other human infections caused by Fonsecaea spp. include paranasal sinusitis, keratitis,

and fatal brain abscesses resulting from hematogenous dissemination.

COLONY: Fonsecaea spp. grew slowly on Sabouraud’s dextrose agar, after 10 days at 25°C (Figure 3). The

colony was black with ‘downy’ appearance and dark-brown to black reverse.

MICROSCOPY: Lactophenol cotton blue mount showed dark brown, septate hyphae, cylindrical

conidiophores, and sympodially (alternate, lateral emergence of conidia) formed conidia (Figure 3).

DIFFERENTIATION: Fonsecaea spp. are differentiated from Cladophialophora by production of short conidial

chains, which consist of 5 or less conidia. The conidial head with apical, irregular, swollen ends that function

as conidiogenous cells distinguishes Fonsecaea from Cladosporium and Rhinocladiella.

IMOLECULAR TEST: Duplex PCR of ribosomal DNA internal transcribed spacer regions was used for rapid and

more specific identification of the genus Fonsecaea. Restriction fragment length polymorphism (RFLP) of
mitochondrial DNA (mtDNA) has been used for classifying Fonsecaea spp. The ribosomal ITS1 and ITS2
regions of the test isolate showed 100% nucleotide identity with Fonsecaea pedrosoi isolate 7013 (GenBank

accession no. HM748581.1)

ANTIFUNGAL SUSCEPTIBILITY: Fonsecaea spp. are susceptible to amphotericin B, itraconazole, ketoconazole,

ravuconazole, voriconazole, and posaconazole, but resistant to caspofungin, anidulafungin, fluconazole and

flucytosine.

PARTICIPANT PERFORMANCE:

Referee Laboratories with correct ID: 10
Laboratories with correct ID: 63
Laboratories with incorrect ID: 03
(Cladosporium spp.) (1)
(Exophiala spp.) (1)
(Phialophora spp.) (1)
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Illustrations:

FIGURE 3. Ten-day-old, black, ‘downy’ colony of Fonsecaea spp. on Sabouraud’s dextrose agar, 25°C; the reverse is dark-
brown to black (Upper panel). Microscopic morphology of Fonsecaea spp. showing sympodially formed conidia (bar =5 um:
lower panel).
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FIGURE 3A. Scanning electron micrograph of Fonsecaea spp. with conidium and conidiophores (bar = 2 um; upper panel).
Line drawing with details of conidiogenous cells, attachment and shape of conidia (lower panel).

http: e royoobants org/dyeo Taso aspe?Linle=T &R ec=253557
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Further reading:

de Andrade, TS, Cury AE, de Castro LG, Hirata MH, Hirata RD. 2007. Rapid identification of Fonsecaea by
duplex polymerase chain reaction in isolates from patients with chromoblastomycosis. Diagn Microbiol

Infect Dis. 57: 267-272.

Karuppal R, Kumaran CM, Marthya A, Manoj Kumar CV, Narayanan MP, Raman RV, Thomas S. 2009. Tibial
osteomyelitis due to Fonsecaea pedrosoi in an immunocompetent patient: case report. J Foot Ankle Surg.

48: 569-572.

Koo S, Klompas M, Marty FM. 2010. Fonsecaea monophora cerebral phaeohyphomycosis: case report of

successful surgical excision and voriconazole treatment and review. Med Mycol. 48: 769-774.

Najafzadeh, M.J., Badali, H., llinait-Zaragozi, M.T., De Hoog, G.S., and Meis, J.F. 2010. In vitro activities of
eight antifungal drugs against 55 clinical isolates of Fonsecaea spp. Antimicrob Agents Chemother. 54: 1636-

1638.

Calvo E, Pastor FJ, Mayayo E, Hernandez P, Guarro J. 2011. Antifungal therapy in an athymic murine model

of chromoblastomycosis by Fonsecaea pedrosoi. Antimicrob Agents Chemother. 55: 3709-3713.

Criado PR, Careta MF, Valente NY, Martins JE, Rivitti EA, Spina R, Belda W Jr. 2011. Extensive long-standing
chromomycosis due to Fonsecaea pedrosoi: three cases with relevant improvement under voriconazole

therapy. J Dermatolog Treat. 22: 167-174.

Gaitan |, Paz AM, Zacchino SA, Tamayo G, Giménez A, Pinzén R, Caceres A, Gupta MP. 2011. Subcutaneous
antifungal screening of Latin American plant extracts against Sporothrix schenckii and Fonsecaea pedrosoi.

Pharm Biol. 49: 907-919.

Kim DM, Hwang SM, Suh MK, Ha GY, Choi GS, Shin J, Han SH. 2011. Chromoblastomycosis caused by

Fonsecaea pedrosoi. Ann Dermatol. 23: 369-374.

Najafzadeh MJ, Sun J, Vicente VA, Klaassen CH, Bonifaz A, Gerrits van den Ende AH, Menken SB, and de

Hoog GS. 2011. Molecular epidemiology of Fonsecaea species. Emerg Infect Dis. 17: 464-469.

Madhugiri VS, Bhagavatula, ID, Mahadevan A, Siddaiah N. 2011. An unusual infection, an unusual outcome--

Fonsecaea pedrosoi cerebral granuloma. J Neurosurg Pediatr. 8: 229-232.
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M-4 Trichophyton tonsurans

Source: Scalp

CLINICAL SIGNIFICANCE: T. tonsurans causes hair and skin infections of scalp (‘tinea capitis’). Occasionally,

the fungus is etiologic agent of infections in nails (onychomycosis) and foot (‘tinea pedis’). A sibling species

T. equinum usually infects horses, but it is rarely implicated in human disease.

COLONY: T. tonsurans grew slowly on Sabouraud’s dextrose agar. After 7 days at 25°C, the colony was

white to pale yellow, powdery to velvety with yellow to dark brown or red-brown pigmentation on reverse

(Figure 4). T. tonsurans was urease-positive with growth stimulated by thiamine.

IMICROSCOPY: Lactophenol cotton blue mount showed abundant microconidia with various shapes such as

tear-drop, club-shaped or balloon shaped (Figure 4). Macroconida were rare.

DIFFERENTIATION: T. tonsurans is differentiated from T. mentagrophytes and T. rubrum by its microconidia

of diverse shapes and sizes, requirement of thiamine for growth, and rare macroconidia. T. tonsurans is
urease positive but T. rubrum is urease negative. The differentiation of T. equinum from T. tonsurans

requires morphological, physiological and ribosomal ITS1-ITS2 sequencing.

IMOLECULAR TEST: Restriction fragment length polymorphism (RFLP) analysis of PCR amplified ribosomal

DNA including ITS was reported as a rapid tool for identification of T. tonsurans. The ribosomal ITS1 and
ITS2 regions of the test isolate showed 100 % nucleotide identity with Trichophyton tonsurans isolate

UAMH 8552 (GenBank accession no. AF170479)

ANTIFUNGAL SUSCEPTIBILITY: T. tonsurans is susceptible to amphotericin B, fluconazole, itraconazole,

ketoconazole, and terbinafine.

PARTICIPANT PERFORMANCE:

Referee Laboratories with correct ID: 9

Laboratories with correct ID: 54

Laboratories with incorrect ID: 12
(Trichophyton mentagrophytes species complex) (4)
(Trichophyton rubrum) (3)
(Trichophyton sp.) (3)
(Trichophyton interdigitale) (2)
(Trichophyton terrestre) (2)
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Illustrations:

FIGURE 4. Seven-day old Trichophyton tonsurans white to pale yellow colony on Sabouraud’s dextrose agar, 25°C; the reverse
is dark brown or reddish-brown. (Upper panel) Microscopic morphology of Trichophyton tonsurans showing plenty of tear-drop,
club-shaped, or balloon shaped microconidia (bar = 5 um; lower panel)
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FIGURE 4A. Scanning electron micrograph of Trichophyton tonsurans highlighting tear-drop, club-shaped, or balloon shaped
microconidia (bar = 10 um).
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Further reading:

Ghannoum MA, Chaturvedi V, Espinel-Ingroff A, Pfaller, MA, Rinaldi MG, Lee-Yang W, Warnock DW. 2004.
Intra- and interlaboratory study of a method for testing the antifungal susceptibilities of dermatophytes. J

Clin Microbiol. 42: 2977-2979.

Ouchi T, Nagao K, Hata Y, Otuka T, Inazumi T. 2005. Trichophyton tonsurans infection manifesting as

multiple concentric annular erythemas. J Dermatol. 32: 565-568.

Rajpara V, Frankel S, Rogers C, Nouri K. 2005. Trichophyton tonsurans associated tinea corporis infection

with the development of Majocchi's granuloma in a renal transplant patient. J Drugs Dermatol. 4: 767-769.

Cetinkaya Z, Kiraz N, Karaca S, Kulac M, Ciftci IH, Aktepe OC, Altindis M, Kiyildi N, Piyade M. 2005. Antifungal

susceptibilities of dermatophytic agents isolated from clinical specimens. Eur J Dermatol. 15: 258-261.

Ergin S, Ergin C, Erdogan BS, Kaleli I, Evliyaoglu D. 2006. An experience from an outbreak of tinea capitis

gladiatorum due to Trichophyton tonsurans. Clin Exp Dermatol. 31: 212-214.

Yoshida E, Makimura K, Mirhendi H, Kaneko T, Hiruma M, Kasai T, Uchida K, Yamaguchi H, Tsuboi R. 2006.
Rapid identification of Trichophyton tonsurans by specific PCR based on DNA sequences of nuclear

ribosomal internal transcribed spacer (ITS) 1 region. J Dermatol Sci. 42: 225-230.

Brasch J, Logering B, Graser Y. 2009. Tinea capitis caused by Trichophyton equinum. Acta Derm Venereol. 89:

204-205.

Abdel-Rahman, SM, Farrand, N, Schuenemann, E, Stering, TK, Preuett, B, Magie, R, Campbell, A. 2010. The
prevalence of infections with Trichophyton tonsurans in school children: the CAPITIS study. Pediatrics. 125:

966-973.

Brillowska-Dabrowska A, Swierkowska A, Lindhardt Saunte DM, Arendrup MC. 2010. Diagnostic PCR tests

for Microsporum audouinii, M. canis and Trichophyton infections. Med Mycol. 48: 486-490.

Preuett BL, Schuenemann E, Brown JT, Kovac ME, Krishnan SK, Abdel-Rahman SM. 2010. Comparative
analysis of secreted enzymes between the anthropophilic-zoophilic sister species Trichophyton tonsurans

and Trichophyton equinum. Fungal Biol. 114: 429-437.
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M-5 Rhizomucor species

Source: Blood

CLINICAL SIGNIFICANCE: Rhizomucor spp. rarely cause serious infections in humans. Cutaneous, pulmonary,

rhinofacial, and disseminated mucormycosis due to Rhizomucor spp. have been reported in patients with

underlying debilitating diseases.

COLONY: Rhizomucor spp. grew rapidly, filling the Petri dish in 4 days at 25°C. The colony was wooly, white

initially that turned grayish black over time. The reverse was white to pale (Figure 5).

MICROSCOPY: Lactophenol cotton blue mount showed nonseptate or sparsely septate, broad hyphae,

sporangiophores, sporangia, and sporangiospores. Sporangiophores were irregularly branched with
sporangia at the top. Sporangia were brown in color and round in shape. Apophysis was absent. Columellae
were prominent and spherical to pyriform in shape. Sporangiospores were small, unicellular, and round to

ellipsoidal in shape (Figure 5).

DIFFERENTIATION: Rhizomucor spp. can be distinguished from Mucor species by the presence of rhizoids

and stolons. It can be differentiated from Rhizopus species by the presence of branched sporangiophores
and rhizoids not arising opposite the sporangiophores. Rhizomucor spp. are distinct from Absidia by the
presence of globose sporangia and sporangiophores that are not swollen where they merge with the

columellae.

IMIOLECULAR TEST: PCR-nucleotide sequencing has been used to confirm identity of Rhizomucor species.

The ribosomal ITS1 and ITS2 regions of the test isolate showed 100 % nucleotide identity with Rhizomucor

pusillus isolate SC-A1 (Genebank accession no. HQ404246.1).

ANTIFUNGAL SUSCEPTIBILITY: Rhizomucor spp. are susceptible to amphotericin B and caspofungin.

PARTICIPANT PERFORMANCE:

Referee Laboratories with correct ID: 09
Laboratories with correct ID: 43
Other Acceptable Answers:
Rhizomucor pusillus 14
Laboratories with incorrect ID: 09
(Mucor plumbeus) (2)
(Mucor spp.) (7)
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Illustrations:

FIGURE 5. Seven-day old Rhizomucor spp. colony filling the Petri dish, Sabouraud’s dextrose agar, 25°C; the reverse of the
colony is white to pale (upper panel). Microscopic morphology of Rhizomucor sp. showing nonseptate hyphae, irregularly
branched sporangiophores, round sporangia, and pyriform columellae (bar = 50 um; lower panel).
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FIGURE 5A. Scanning electron micrograph of Rhizomucor spp. showing sporangiophore with sporangia (bar = 2 pm, upper
panel); line drawings of nonseptate hyphae, irregularly branched sporangiophores, round sporangia, and pyriform columellae
and round to elliposoidal sporangiospores.

http: it mycobank orgflycoTaxo aspxYLink=T&Rec=322454
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Further reading:

Prabhu RM, Patel R. 2004. Mucormycosis and entomophthoramycosis: a review of the clinical

manifestations, diagnosis and treatment. Clin Microbiol Infect. 10 Suppl 1:31-47.

Iwen PC, Freifeld AG, Sigler L, Tarantolo SR. 2005. Molecular identification of Rhizomucor pusillus as a cause

of sinus-orbital zygomycosis in a patient with acute myelogenous leukemia. J Clin Microbiol. 43: 5819-5821.

Vazquez L, Mateos JJ, Sanz-Rodriguez C, Perez E, Caballero D, San Miguel JF. 2005. Successful treatment of
rhinocerebral zygomycosis with a combination of caspofungin and liposomal amphotericin B.

Haematologica. 90: ECR39.

Schwarz P, Bretagne S, Gantier JC, Garcia-Hermoso D, Lortholary O, Dromer F, Dannaoui E. 2006. Molecular

identification of zygomycetes from culture and experimentally infected tissues. J Clin Microbiol. 44: 340-349.

Alvarez E, Sutton DA, Cano J, Fothergill AW, Stchigel A, Rinaldi MG, et al. 2009. Spectrum of zygomycete

species identified in clinically significant specimens in the United States. J Clin Microbiol. 47:1650-1656.

Rawlinson NJ, Fung B, Gross TG, Termuhlen AM, Skeens M, Garee A, Soni S, Pietryga D, Bajwa RP. 2011.
Disseminated Rhizomucor pusillus causing early multiorgan failure during hematopoietic stem cell

transplantation for severe aplastic anemia. J Pediatr Hematol Oncol. 33: 235-237.

Kivivuori SM, Karikoski R, Koukila-Kahkola P, Anttila VJ, Saarinen-Pihkala UM. 2011. Zygomycosis presenting
a major clinical challenge: case report on Rhizomucor pusillus infection in a stem-cell-transplant recipient.

Mycopathologia. 172: 241-245.

Iwen PC, Thapa |, Bastola D. 2011. Review of methods for the identification of zygomycetes with an

emphasis on advances in molecular diagnostics. Lab Medicine. 42: 260-266.

Vitale RG, de Hoog GS, Schwarz P, Dannaoui E, Deng S, Machouart M, et al. 2012. Antifungal susceptibility

and phylogeny of opportunistic members of the order Mucorales. J Clin Microbiol. 50: 66-75.

34 Mycology Laboratory September 2011: Mycology Proficiency Testing Program
Wadsworth Center ® New York State Department of Health



YEAST DESCRIPTIONS

Y-1 Candida tropicalis

Source: Bronchial wash / Urine /7 Sputum

CLINICAL SIGNIFICANCE: Candida tropicalis causes sepsis, wound infections, and disseminated infections in

immunocompromised patients.

COLONY: C. tropicalis colony was smooth to wrinkled, cream-colored and rapid-growing on Sabouraud’s

dextrose agar after 7 days at 25°C, (Figure 6).

IMIICROSCOPY: C. tropicalis showed long true hyphae and pseudohyphae, with either single or small clusters

of blastoconidia on Corn meal agar with Tween 80 (Figure 6).

DIFFERENTIATION: C. tropicalis is differentiated from C. albicans and C. dubliniensis by variable growth on

media containing cycloheximide, and by its fermentation of glucose, maltose, sucrose, and trehalose.

Occasionally, C. tropicalis produces chlamydospores on corn meal agar.

IMOLECULAR TEST: Reverse-hybridization line probe assay combined with PCR amplification of internal

transcribed-spacer (ITS) regions was used for rapid identification of clinically significant fungal pathogens
including C. tropicalis. The combination of pan-fungal PCR and multiplex liquid hybridization of ITS regions
was developed for detection and identification of fungi in tissue specimens. The ribosomal ITS1 and ITS2
regions of the test isolate showed 100 % nucleotide identity with C. tropicalis CBL Cd-3 (Genebank accession

no. EU924133)

ANTIFUNGAL SUSCEPTIBILITY: C. tropicalis is generally susceptible to azoles and echinocandins, but variably

susceptible to flucytosine. Few strains of C. tropicalis have been reported with high amphotericin B MIC.

PARTICIPANT PERFORMANCE:

Referee Laboratories with correct ID: 10
Laboratories with correct ID: 56
Laboratories with incorrect ID: 0
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Illustrations:

FIGURE 6. candida tropicalis, smooth-to-wrinkled, creamish colony, Sabouraud’s dextrose agar 7-days, 25°C. Microscopic
morphology on corn meal agar with Tween 80, showing long true hyphae and pseudohyphae with clusters of blastoconidia
(400x magnification). Scanning electron micrograph illustrates true and pseudohyphae (with constrictions) and blastoconidia
(bar= 2 pm)
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Further reading:

Hilmioglu S, Ilkit M, Badak Z. 2007. Comparison of 12 liquid media for germ tube production of Candida
albicans and C. tropicalis. Mycoses. 50: 282-285.

Nucci M, Colombo AL. 2007. Candidemia due to Candida tropicalis: clinical, epidemiologic, and
microbiologic characteristics of 188 episodes occurring in tertiary care hospitals. Diagn Microbiol Infect Dis.

58:77-82.

Pfaller MA, Castanheira M, Messer SA, Moet GJ, Jones RN. 2010. Variation in Candida spp. distribution and
antifungal resistance rates among bloodstream infection isolates by patient age: report from the SENTRY

Antimicrobial Surveillance Program (2008-2009). Diagn Microbiol Infect Dis. 68: 278-283.
Chai LY, Denning DW, Warn P. 2010. Candida tropicalis in human disease. Crit Rev Microbiol. 36: 282-98.

de Carvalho Parahym AM, da Silva CM, Ledo MP, Macario MC, Filho GA, de Oliveira NT, Neves RP. 2011.
Invasive infection in an acute myeloblastic leukemia patient due to triazole-resistant Candida tropicalis.

Diagn Microbiol Infect Dis. 71: 291-293.

Mufioz P, Giannella M, Fanciulli C, Guinea J, Valerio M, Rojas L, Rodriguez-Créixems M, Bouza E. 2011.
Candida tropicalis fungemia: incidence, risk factors, and mortality in a general hospital. Clin Microbiol Infect.

17:1538-1545.

de Carvalho Parahym AM, da Silva CM, Leao MP, Macario MC, Filho GA, de Oliveira NT, Neves RP. 2011.
Invasive infection in an acute myeloblastic leukemia patient due to triazole-resistant Candida tropicalis.

Diagn Microbiol Infect Dis. 71: 291-293.

Negri M, Silva S, Henriques M, Oliveira R. 2011. Insights into Candida tropicalis nosocomial infections and

virulence factors. Eur J Clin Microbiol Infect Dis. DOI. 10.1007/s10096-011-1455-z.
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Y-2 Candida krusei

Source: CSF / Tissue 7/ Urine

CLINICAL SIGNIFICANCE: Candida krusei causes nosocomial fungemia in immunosuppressed patients. It also

causes disseminated disease including endocarditis, peritonitis, vaginitis, urinary tract infections, and

sinusitis.

COLONY: C. krusei colony was soft, cream to buff, glassy and wrinkled on Sabouraud’s dextrose agar, after 7

days at 25°C (Figure 7).

MICROSCOPY: C. krusei showed branched pseudohyphae with elongated blastoconidia on Corn meal agar
with Tween 80 (Figure 7).

DIFFERENTIATION: C. krusei ferments glucose, but not sucrose or cellobiose, and does not grow on the
media containing cycloheximide. C. krusei does not assimilate sucrose, which differentiates it from C.
parapsilosis and C. lusitaniae. C. krusei grows well at 42°C, differentiating it from C. lambica. C. krusei does

not produce arthroconidia, thus differentiating it from Blastoschizomyces capitatus.

IMOLECULAR TEST: DNA probes from the ITS regions were incorporated in a reverse hybridization line probe
assay for the detection of ITS PCR products for identification of fungal pathogens. Panfungal PCR and
multiplex liquid hybridization were developed for the detection of clinically important yeasts in tissue
specimens. PFGE, RFLP, and RAPD procedures were used for DNA fingerprinting and electrophoretic
karyotyping of oral C. krusei isolates. The ribosomal ITS1 and ITS2 regions of the test isolate showed 100%
nucleotide identity with a reference strain of C. krusei (Pichia kudriavzevii) GenBank accession no.
AF411417.

ANTIFUNGAL SUSCEPTIBILITY: C. krusei is susceptible to amphotericin B and flucytosine. C. krusei is innately
resistant to fluconazole and variably resistant to other azoles such as itraconazole and ketoconazole, but

not voriconazole. C. krusei is also susceptible to anidulafungin, micafungin and caspofungin.

PARTICIPANT PERFORMANCE:

Referee Laboratories with correct ID: 10
Laboratories with correct ID: 51
Laboratories with incorrect ID: 05
(Candida norvegensis) (2)
(Candida kefyr) (2)
(Candida lipolytica) (2)
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Illustrations:

FIGURE 7. Candida krusei soft wrinkled colony on Sabouraud’s dextrose agar, 7 days, 25°C; Microscopic morphology on corn
meal agar showing long, branched pseudohyphae with oval blastoconidia (bar = 5 um). Scanning electron micrograph illustrates
pseudohyphae and blastoconidia (bar = 2 um).
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Further reading:

Sili U, Yilmaz M, Ferhanoglu B, Mert A. 2007. Candida krusei arthritis in a patient with hematologic

malignancy: successful treatment with voriconazole. Clin Infect Dis. 45: 897-898.

Jacobsen MD, Gow NA, Maiden MC, Shaw DJ, Odds FC. 2007. Strain typing and determination of population

structure of Candida krusei by multilocus sequence typing. J Clin Microbiol. 45: 317-323.

Pfaller MA, Diekema DJ, Gibbs DL, Newell VA, Nagy E, Dobiasova S, Rinaldi M, Barton R, Veselov A; the
Global Antifungal Surveillance Group. 2008. Candida krusei, a Multidrug-Resistant Opportunistic Fungal
Pathogen: Geographic and Temporal Trends from the ARTEMIS DISK Antifungal Surveillance Program, 2001-
2005. J Clin Microbiol. 46: 515-521.

Natale F, Castronovo A, Regoli D, De Curtis M, Manzoni P. 2009. Successful treatment with caspofungin of

refractory Candida krusei candidemia in a very low birth weight preterm infant. Pediatr Infect Dis J. 28: 452.

Cascio A, Barone M, Micali V, laria C, Delfino D, David A, Monaco M, Monaco F. 2010. On a fatal case of
Candida krusei pleural empyema in a pregnant woman with spontaneous esophagus perforation.

Mycopathologia. 169: 451-455.

Hager JL, Mir MR, Hsu S. 2010. Candida krusei fungemia in an immunocompromised patient. Dermatol

Online J. 16: 5.

Schilling A, Seibold M, Mansmann V, Gleissner B. 2007. Successfully treated Candida krusei infection of the

lumbar spine with combined caspofungin/posaconazole therapy. Med Mycol. 46: 79-83.

Shorr AF, Wu C, Kothari S. 2011. Outcomes with micafungin in patients with candidaemia or invasive

candidiasis due to Candida glabrata and Candida krusei. J Antimicrob Chemother. 66: 375-380.
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Y-3 Candida kefyr

Source: Vaginal Swab 7/ Urine

CLINICAL SIGNIFICANCE: Candida kefyr is rarely isolated in the clinical laboratory. Candida kefyr infections

are reported from the reproductive and digestive tracts and the mucous linings.

COLONY: Candida kefyr colonies appeared smooth, creamy, and soft on Sabouraud’s dextrose agar after 3

to 5 days, 25°C (Figure 8).

MICROSCOPY: Candida kefyr showed abundant long pseudohyphae, and oval to elongated blastoconidia on

Corn meal agar with Tween 80 (Figure 8). Ascospores within asci were observed in cultures on V-8 or malt

extract agar (details not shown). The sexual or teleomorphic state is termed Kluyveromyces marxianus.

DIFFERENTIATION: C. kefyr grows at 45°C and on the cycloheximide containing media. C. kefyr ferments

glucose, sucrose, lactose, galactose, but not maltose, trehalose, and cellobiose, which differentiates it from

other medically important Candida species.

MOLECULAR TEST: Randomly amplified polymorphic DNA-polymorase chain reaction (RADP-PCR) was

applied for the identification of C. kefyr. The ribosomal ITS1 and ITS2 regions of the test isolate showed
100 % nucleotide identity with a reference strain of Candida kefyr UWFP-208 (GenBank accession no.
AF336841)

ANTIFUNGAL SUSCEPTIBILITY: C. kefyr is susceptible to amphotericin B, caspofungin, different azoles, and 5-

fluorocytosine.

PARTICIPANT PERFORMANCE:

Referee Laboratories with correct ID: 10
Laboratories with correct ID: 55
Laboratories with incorrect ID: 01
(Candida krusei) (1)
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Illustrations:

FIGURE 8. candida kefyr creamy, smooth colony on Sabouraud’s dextrose agar, 5-day, 25°C. Microscopic morphology of
Candida kefyr showing long, pseudohyphae with oval to elongated blastoconidia on Corn meal agar with Tween 80 (bar=5
pum). Scanning electron micrograph illustrating pseudohyphae and blastoconidia (bar = 2 um).
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Further reading:
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Molecular identification and susceptibility profile in vitro of the emerging pathogen Candida kefyr. Diagn

Microbiol Infect Dis. 66: 116-119.
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Y-4 Candida glabrata

Source: Wound 7/ Sinus / Urine

CLINICAL SIGNIFICANCE: Candida glabrata commonly causes urinary tract infections and vaginitis. Incidence

of candidiasis caused by C. glabrata has increased in immunosuppressed patients due to more intensive
anticancer chemotherapy, bone marrow, and organ transplantation. There is also a noticeable increase in

antifungal resistant C. glabrata among hospitalized patients.

COLONY: Candida glabrata colony was white to cream, smooth and shiny on Sabouraud’s dextrose agar, 3

to 5 days, 25°C (Figure 9).

MICROSCOPY: Candida glabrata blastoconidia were tiny, round or elliptical in shape on Cornmeal agar with

Tween 80 (Figure 9).

DIFFERENTIATION: C. glabrata grows at 42°C, but it does not grow on media containing cycloheximide. It

ferments glucose and trehalose. C. glabrata forms only blastoconidia and no pseudohyphae or true hyphae.

IMOLECULAR TEST: PCR amplification of a mitochondrial rRNA gene fragment, which is species specific, was

developed to identify C. glabrata. Diversity of karyotype by pulse-field gel electrophoresis was used to
confirm C. glabrata infection. Comparative sequence analysis of cytochrome oxidase gene has been
reported for typing of C. glabrata. The ribosomal ITS1 and ITS2 regions of the test isolate showed 100 %
nucleotide identity with a reference strain of C. glabrata CBS 138 (GenBank Accession no. AY198398).

ANTIFUNGAL SUSCEPTIBILITY: C. glabrata is susceptible to amphotericin B, caspofungin, and 5-FC but

resistant to azoles such as fluconazole and itraconazole.

PARTICIPANT PERFORMANCE:

Referee Laboratories with correct ID: 10
Laboratories with correct ID: 56
Laboratories with incorrect ID: 0
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Illustrations:

FIGURE 9. Candida glabrata colony white to cream, smooth and shiny on Sabouraud’s dextrose agar, 4 days, 25°C. Microscopic
morphology of Candida glabrata with elliptical-shaped blastoconidia on Corn meal agar with Tween 80 (bar =5 um).
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Further reading:

Coco BJ, Bagg J, Cross LJ, Jose A, Cross J, Ramage G. 2008. Mixed Candida albicans and Cadida glabrata

populations associated with the pathogenesis of denture stomatitis. Oral Microbiol Immunol. 23: 377-383.

Gugic D, Cleary T, Vincek V. 2008. Candida glabrata infection in gastric carcinoma patient mimicking

cutaneous histoplasmosis. Dermatol Online J. 14: 15.

Pasqualotto AC, Zimerman RA, Alves SH, Aquino VR, Branco D, Wiltgen D, do Amaral A, Cechinel R, Colares
SM, da Rocha IG, Severo LC, Sukiennik TC. 2008. Take control over your fluconazole prescriptions: the
growing importance of Candida glabrata as an agent of candidemia in Brazil. Infect Control Hosp Epidemiol.

29: 898-899.

Thompson GR 3rd, Wiederhold NP, Vallor AC, Villareal NC, Lewis JS 2nd, Patterson TF. 2008. Development
of caspofungin resistance following prolonged therapy for invasive candidiasis secondary to Candida

glabrata infection. Antimicrob Agents Chemother. 52: 3783-3785

Gherna M, Merz WG. 20009. |dentification of Candida albicans and Candida glabrata within 1.5 Hours Directly
from Positive Blood Culture Bottles with a Shortened PNA FISH Protocol. J Clin Microbiol. 47: 247-248.

Shokri H, Khosravi AR, Yalfani R. 2011. Antifungal efficacy of propolis against fluconazole-resistant Candida glabrata

isolates obtained from women with recurrent vulvovaginal candidiasis. Int J Gynaecol Obstet. 114: 158-159.

Silva S, Negri M, Henriques M, Oliveira R, Williams DW, Azeredo J. 2012. Candida glabrata, Candida
parapsilosis and Candida tropicalis: biology, epidemiology, pathogenicity and antifungal resistance. FEMS

Microbiol Rev. 36:288-305.

Silva S, Negri M, Henriques M, Oliveira R, Williams DW, Azeredo J. 2012. Candida glabrata, Candida
parapsilosis and Candida tropicalis: biology, epidemiology, pathogenicity and antifungal resistance. FEMS

Microbiology Reviews. 36:288-305.
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Y-5 Candida parapsilosis

Source: Blood / Urine / Nail

CLINICAL SIGNIFICANCE: Candida parapsilosis is an important bloodstream pathogen. It is commonly

implicated in endocarditis, endophthalmitis, fungemia, and infection in burn patients. It is also an important
nosocomial pathogen in various hospital outbreaks such as neonatal fungemia and endophthalmitis after

cataract surgery. Candida parapsilosis is also increasingly prevalent in onychomycosis.

COLONY: Candida parapsilosis colony was white to cream, dull with smooth surface on Sabouraud’s

dextrose agar after 5 days at 25°C (Figure 10).

MICROSCOPY: Candida parapsilosis showed long, multibranched pseudohyphae, together with small

elongated blastoconidia on corn meal agar with Tween 80 (Figure 10).

DIFFERENTIATION: C. parapsilosis ferments glucose, but not maltose, sucrose, lactose, or trehalose. It does

not grow on media containing cycloheximide, but it grows at 37°C. It assimilates glucose, maltose, and
sucrose, but it is urease- and nitrate-negative. Biochemically, C. lusitaniae is similar to C. parapsilosis, but it

does not forms long pseudohyphae.

MOLECULAR TEST: PCR assay of ITS regions of rDNA was used to identify C. parapsilosis in clinical

specimens. Chromosome length polymorphism and RAPD procedures were used to characterize the genetic
diversity of this organism. The ribosomal ITS1 and ITS2 regions of the test isolate showed 100 % nucleotide

identity with a reference strain of C. parapsilosis CBS 604 (Genebank accession no: AY391843).

ANTIFUNGAL SUSCEPTIBILITY: C. parapsilosis is susceptible to amphotericin B, 5-flucytosine, caspofungin,

and azoles such as fluconazole, ketocoanzole, itraconazole, and voriconazole. A few clinical isolates are

reported as resistant to fluconazole.

PARTICIPANT PERFORMANCE:

Referee Laboratories with correct ID: 10
Laboratories with correct ID: 56
Laboratories with incorrect ID: 0
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Illustrations:

FIGURE 10. candida parapsilosis white to cream, smooth colony on Sabouraud’s dextrose agar, seven-day-old, 25°C.
Microscopic morphology of Candida parapsilosis with long, multibranched pseudohyphae together with small cluster of
elongated blastoconidia on Corn meal agar with Tween 80 (bar = 5 um). Scanning electron micrograph with blastoconidia (bar =
2 um).
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Further reading:

Deshpande K. 2003. Candida parapsilosis fungaemia treated unsuccessfully with amphotericin B and

fluconazole but eliminated with caspofungin: a case report. Crit Care Resusc. 5: 20-23.

Yalaz M, Akisu M, Hilmioglu S, Calkavur S, Cakmak B, Kultursay N. 2006. Successful caspofungin treatment of
multidrug resistant Candida parapsilosis septicaemia in an extremely low birth weight neonate. Mycoses.

49:242-245.

Garzoni C, Nobre VA, Garbino J. 2007. Candida parapsilosis endocarditis: a comparative review of the
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Arendrup MC. 2010. Epidemiology of invasive candidiasis. Curr Opin Crit Care. 16: 445-452.

Burton MJ, Shah P, Swiatlo E. 2011. Misidentification of Candida parapsilosis as C. famata in a clinical case

of vertebral Osteomyelitis. Am J Med Sci. 341: 71-73.

Schelenz S, Abdallah S, Gray G, Stubbings H, Gow |, Baker P, Hunter PR. 2011. Epidemiology of oral yeast
colonization and infection in patients with hematological malignancies, head neck and solid tumors. J Oral

Pathol Med. 40: 83-89.

Romeo O, Delfino D, Costanzo B, Cascio A, Criseo G. 2011. Molecular characterization of Italian Candida
parapsilosis isolates reveals the cryptic presence of the newly described species Candida orthopsilosis in

blood cultures from newborns. Diagn Microbiol Infect Dis. 72: 234-238.

Hays C, Duhamel C, Cattoir V, Bonhomme J. 2011. Rapid and accurate identification of species belonging to

the Candida parapsilosis complex by real-time PCR and melting curve analysis. / Med Microbiol. 60: 477-80.

Kumar J, Fish D, Burger H, Weiser B, Ross J, Jones D, Robstad K, Li X, Chaturvedi V. 2011. Successful surgical
intervention for the management of endocarditis due to multidrug resistant Candida parapsilosis: Case

report and literature review. Mycopathologia. 172: 287-292.
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DIRECT DETECTION (Cryptococcus neformans
ANTIGEN TEST)

INTRODUCTION: In early 1960s, a simple, sensitive latex test, capable of detecting the capsular
polysaccharide of C. neoformans in serum, was described and proven to be superior in sensitivity to the
India ink mount. Clinical studies established the prognostic value of the test, and showed it to be a valuable
aid in establishing a diagnosis when culture was negative. Paired serum and CSF specimens allowed

detection of antigen in confirmed cases.

In early 1990s, an enzyme immunoassay based upon monoclonal antibody against capsular polysaccharide,
was described. More recently, a lateral flow immunoassay was described for point-of-care testing of

cryptococcosis from serum.

MATERIALS & MIETHODS: Sixty-eight laboratories participated in the September 27, 2011 direct detection
antigen test event. One positive serum sample (Cn-Ag-4) with the titer of 1:256 for cryptococcal antigen
was included. Titers within + 2 dilutions of the reference and/or consensus results were the acceptable

results for this event.

RESULTS: Overall, the performance of 68 laboratories was satisfactory in this test event. The consensus
results for specimens Cn-Ag-1, Cn-Ag-2, Cn-Ag-3, and Cn-Ag-5 were negative as expected. Cn-Ag-4 was
reported positive by majority of the participating laboratories with the acceptable titer ranges 1:64 -
1:1014. One laboratory each reported false positive result for specimen Cn-Ag-1 and Cn-Ag-5, respectively.

One laboratory reported lower titer than the acceptable range for specimen Cn-Ag-4 (Table 1).

TABLE 1. summary of laboratory performance for semi-quantitative detection of cryptococcal antigen

Method Cn-Ag-4 Titers
No. laboratories 32 64 80 | 128 | 200 | 256 | 512 | 1024

Latex Agglutination

Immuno-Mycologics 8 3 1 3 1

Meridien Diagnostic 43 1 6 1 10 1 18 5 1

Remel 12 3 5 3 1
Total 63 1 12 1 16 1 24 7 1
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Further Reading:

Bennett JE, Hasenclever HF, Tynes BS. 1964. Detection of cryptococcal polysaccharide in serum and spinal
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Kaufman L, Blumer S. 1968. Value and interpretation of serological tests for the diagnosis of cryptococcosis.
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House AA, Wray D, Orloff S, Dowdy LA, Fisher RA, Heitman J, Wagener MM, Husain S. 2008. Pulmonary
cryptococcosis in solid organ transplant recipients: clinical relevance of serum cryptococcal antigen. Clin

Infect Dis. 46: e12-18

Gade W, Hinnefeld SW, Babcock LS, Gilligan P, Kelly W, Wait K, Greer D, Pinilla M, Kaplan RL. 1991.
Comparison of the PREMIER cryptococcal antigen enzyme immunoassay and the latex agglutination assay

for detection of cryptococcal antigens. J Clin Microbiol. 29: 1616-1619.
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developed lateral flow immunoassay for the diagnosis of cryptococcosis. Clin Infect Dis. 53: 321-325.
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ANTIFUNGAL SUSCEPTIBILITY TESTING FOR YEASTS

INTRODUCTION: Clinical laboratories perform susceptibility testing of pathogenic yeasts to determine their

in vitro resistance to antifungal drugs. This test is also useful in conducting surveillance for evolving patterns
of antifungal drug resistance in a healthcare facility. The results are likely to facilitate the selection of
appropriate drugs for treatment. Clinical Laboratory Standards Institute (CLSI) documents M27-A3, M27-S3
and M44-A, describe the current standard methods for antifungal susceptibility testing of pathogenic
yeasts. Another resource for standardized method is the EUCAST Definitive Document EDef 7.1: method for
the determination of broth dilution MICs of antifungal agents for fermentative yeasts. The FDA approved
devices for antifungal susceptibility testing of yeasts include Sensititre YeastOne Colorimetric Panel (Trek
Diagnostic Systems Inc. Cleveland, OH) and Etest (bioMérieux, Inc., Durham, NC) ). The following ten drugs
are included in the Mycology Proficiency Test Program - amphotericin B, anidulafungin, caspofungin,
flucytosine (5-FC), fluconazole, itraconazole, ketoconazole, micafungin, posaconazole, and voriconazole.
The participating laboratories are allowed to select any number of antifungal drug(s) from this test panel

based upon current practices in their facilities.

MATERIALS: Candida parapsilosis (S-1) was the analyte in the September 27, 2011 antifungal proficiency
test event. Thirty laboratories participated in this event. The S-1 isolate was validated by all of the
participating laboratories. The acceptable results for antifungal susceptibility testings were based on

consensus MIC values or interpretation per NCCLS/CLSI guidelines or other publications.

COMMENTS: Only 5 of the 31 laboratories participating in this test event tested all 10 antifungal drugs and

they reported 100% acceptable results. Acceptable results were MICs +/-2 dilutions of the reference
laboratory results for any single drug. Fluconazole was the only drug tested by all 31 laboratories, but one
laboratory failed to achieve acceptable results. Many laboratory only reported limited testing, but with
acceptable results as follows: flucytosine (24 laboratories), amphotericin B (23 laboratories), caspofungin
(22 laboratories), posacoanazole (18 laboratories), anidulafungin (17 laboratories), and micafungin (17
laboratories). Eight and six laboratories did not report any interpretation for amphotericin B and

posaconazole, respectively.
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TABLE 2. Laboratory Performance, September 2011

S- 1: Candida parapsilosis (M957)

Laboratories with acceptable responses /
Drug Total Laboratories
(% acceptable responses)
Amphotericin B (21?6{)202)
Anidulafungin (11(7)61/2)
Caspofungin (i?){)zo/i)
Flucytosine (5-FC) (21?){)2;)
Fluconazole ?907/;3
ltraconazole (i?){;/?)
Ketoconzole (12{)5%)
Micafungin (11(7)6)/2)
Posaconazole (115(3){)102)
Voriconazole (ié(l){)%/f)
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TABLE 3. Antifungal MICs (ug/ml) Reported by the Participating Laboratories

S-1: Candida parapsilosis (M957)

Drug No. labs MIC (ug/ml)
0.008 0.015 0.03 0.047 0.06 | 0.12 | 0.25 | 0.38 | 0.5 1
Amphotericin B 23 1 1 5 1 14 1
Anidulafungin 17 3
Caspofungin 22 2 12 6
Flucytosine (5-FC) 26 3 14 8 1
Fluconazole 31 1 7 21
Itraconazole 29 4 6 17 1 1
Ketoconazole 4 2 1 1
Micafungin 17 1 1
Posaconazole 18 6 12
Voriconazole 24 4 17 3
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TABLE 4. Antifungal Susceptibility Interpretations Reported by the Participating Laboratories

S-1: Candida parapsilosis (M957)

Total No. No. Laboratories reporting
Drug Laboratories
reporting Susceptible Susceptible- Non- No
dose dependent susceptible interpretation
Amphotericin B 23 15 8
Anidulafungin 17 17
Caspofungin 22 22
Flucytosine 26 26
Fluconazole 32 31 1
Itraconazole 30 30
Ketoconazole 5 2 3
Micafungin 17 16 1
Posaconazole 18 12 6
Voriconazole 24 24
Mycology Laboratory September 2011: Mycology Proficiency Testing Program 55

Wadsworth Center e New York State Department of Health




ANTIFUNGAL SUSCEPTIBILITY TESTING FOR MOLDS

INTRODUCTION: Clinical laboratories perform susceptibility testing of pathogenic molds to determine their
in vitro resistance to antifungal drugs. This test is also useful in conducting surveillance for evolving patterns
of antifungal drug resistance in a healthcare facility. It is not clear at this juncture if the results of mold
susceptibility testing have direct relevance in the selection of appropriate drugs for treatment. Clinical
Laboratory Standards Institute (CLSI) document of M38-A2 describes the current standard methods for
antifungal susceptibility testing of pathogenic yeasts. Another resource for standardized method is the
EUCAST Technical Note on the method for the determination of broth dilution minimum inhibitory
concentrations of antifungal agents for conidia—forming moulds. The following nine drugs are included in
the antifungal susceptibility panel - amphotericin B, anidulafungin, caspofungin, fluconazole, itraconazole,

ketoconazole, micafungin, posaconazole, and voriconazole.

MATERIALS: Aspergillus fumigatus M2036 was used as test analyte; it was obtained from a reference
laboratory. Laboratories were free to choose any number of drugs and preferred test method. Three
laboratories used CLSI Microdilution method, another three used YeastOne Colorimetric method. Please

refer to Table 5 and 6 for summary.

COMMENTS: Six out of thirty laboratories, which hold antifungal susceptibility testing for yeasts permit,
participated in this first ever graded event for molds. Acceptable results were MICs +/-2 dilutions of the
reference laboratory results for any single drug. All the participating laboratories reported the MIC values
within the acceptable ranges for amphotericin B, anidulafungin, fluconazole, itraconazole, posaconazole,
and voriconazole. Only one laboratory reported higher MIC value for caspofungin than the acceptable
range. The acceptable values for ketoconazole could not be generated since too few laboratories tested this

drug.

56

Mycology Laboratory September 2011: Mycology Proficiency Testing Program
Wadsworth Center ® New York State Department of Health



TABLE 5.

Mold Antifungal Susceptibility: Aspergillus fumigatus M2036.

Drugs Acceptable MIC Iab:igiﬁgcﬁﬂlc M:D;(ﬁ:gc/im;i:agn:f?r:?g\i?;us Participating I:?boratories MiIC
(ug/ml) Range (1g/ml) event (ug/ml) range in current event
Amphotericin B 0.12-2.0 0.5 0.12-2.0 0.5-1.0
Anidulafungin 0.004 -0.06 0.015 0.008 -8.0 0.015-0.06
Caspofungin 0.015-2.0 0.5 0.06-8.0 0.015-8.0
Fluconazole 264 64 64 —512 64 - 256
Itraconazole 0.12-2.0 0.5 0.06-1.0 0.12-0.5
Ketoconzole invalidated 1.0 2.0 1.0 -8.0
Micafungin 0.004 - 0.06 0.015 0.008 -8.0 0.008 —0.06
Posaconazole 0.06-1.0 0.25 0.03-0.25 0.06 -0.25
Voriconazole 0.12-2.0 0.5 0.25 0.12-1.0
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TABLE 6. MIC (ug/ml) Values of Mold Antifungal Susceptibility: Aspergillus fumigatus M2036

Drugs (ug/ml) Total # of labs | 0.008 | 0.015 | 0.03 | 0.06 | 0.12 | 0.25 | 0.5 | 1.0 | 2.0 | 8.0 | 32 | 64 | 128 | 256
Amphoteridn B 6 3 3

Anidulafungin 4 3 1

Caspofungin 5 - 1 1 .

Fluconazole 5 2 .
Itraconazole 6 - 3 2

Ketoconazole 2 1 1

Micafungin 4 - 1 1

Posaconazole 5 3 1

Voriconazole 5 1 1

COLORS REPRESENT THE TESTING METHOD USED:

CLSI microdilution method

_ YeastOne Colorimetric method

Both CLSI microdilution and YeastOne Colorimetric methods
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