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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 the fungal diseases. The laboratory services 
include testing for the 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 related environmental surveys. The Fungal 
Culture Collection of the Mycology Laboratory is an important resource for high quality cultures 
used in the proficiency-testing program and for the in-house development and standardization 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 
Clinical Laboratory Improvement Amendments (CLIA)-compliant Proficiency Testing 
(Mycology) for clinical laboratories in New York State. All analytes for these test events are 
prepared and standardized internally. The program also provides continuing educational 
activities in the form of detailed critiques of test events, workshops and occasional one-on-one 
training of laboratory professionals. 
 
 

 
Mycology Laboratory Staff and Contact Details 

 
Name Responsibility Phone Email 

Dr. Vishnu Chaturvedi  
Director (on leave of 

absence) 
518-474-4177 vishnu@wadsworth.org 

Dr. Sudha Chaturvedi Deputy Director 518-474-4177 schaturv@wadsworth.org 

Dr. Ping Ren PT Program Coordinator 518-474-4177 

mycologypt@wadsworth.org  
or 
renp@wadsworth.org 
 

Ms. Xiaojiang Li Research Scientist 
(Diagnostic Section) 518-486-3820 mycologydianostics@wadsworth.org 

 

Ms. Tanya Victor Research Scientist 
(Molecular Section) 518-474-4177 mycologydiagnostics@wadsworth.org 

 
 

mailto:vishnu@wadsworth.org
mailto:schaturv@wadsworth.org
mailto:mycologypt@wadsworth.org
mailto:renp@wadsworth.org
mailto:mycologydianostics@wadsworth.org
mailto:mycologydiagnostics@wadsworth.org
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Mycology Proficiency Testing Program (PTP) 
 

CATEGORY DESCRIPTION 
 
COMPREHENSIVE: This category is for the laboratories that examine specimens for the 
pathogenic molds and yeasts encountered in a clinical microbiology laboratory. These 
laboratories are expected to identify fungal pathogens to the genus and species level (for detail, 
please see mold and yeast master lists). 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 the laboratories that restrict their testing to one or more of 
the following: 
 

Identification yeast only: This category is for laboratories that isolate and identify 
pathogenic yeasts or yeast-like fungi to genus and species level (for detail, please see yeast 
master list). Laboratories holding this category may also perform susceptibility testing on 
yeasts. 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 detection, identification, typing, characterization or 
determination of drug resistance against fungal pathogens. Laboratories using molecular 
methods under another Restricted permit category (e.g. Restricted: Antigen detection) or 
those holding a Comprehensive category permit are exempt from this 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. 
 
 



4 
 

PROFICIENCY TESTING ANALYTES OFFERED 
(CMS regulated analytes or tests are indicated with an asterisk)  
 
Comprehensive 

 Culture and Identification* 
 Susceptibility testing 
 Cryptococcus neoformans Antigen Detection 

 
Restricted 

Identification Yeast Only 
 Culture and Identification of yeasts* 
 Susceptibility testing of yeasts  

 
Antigen Detection 
 Antigen detection of Cryptococcus neoformans* 

 
Molecular Methods 
 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 species 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% 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.  
 

# of acceptable responses  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. 
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Acceptable results for antifungal susceptibility testing are based on the 

consensus/reference laboratories’ MIC values within +/- 2 dilutions and the interpretation per 
CLSI (NCCLS) guidelines or related, peer-reviewed publications. One yeast species is to be 
tested against following drugs: amphotericin B, anidulafungin, caspofungin, flucytosine, 
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 
clinical 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 
identifications used in grading of responses received after each test event.  This list neither 
includes all molds that might be encountered in a clinical laboratory nor is it intended to be used 
for the 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. 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. 
 

It is expected that major pathogenic fungi listed in the Master List will be completely 
identified to genus and species levels while those fungi either not listed (Aspergillus lentulus) or 
listed with genus name only (Acremonium) will be identified as Aspergillus species or 
Acremonium species.  However, the laboratory can elect to provide only genus level 
identification if it reflects the standard operating procedures (SOP) for patient testing.  Please use 
“group” or “species complex” where appropriate e.g. Aspergillus glaucus group or Fusarium 

solani species complex if it is consistent with current reporting format used by the laboratory. 
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Absidia corymbifera 

Absidia species 
Acremonium species 
Alternaria species 
Arthrographis species 
Aspergillus clavatus 
Aspergillus flavus 
Aspergillus fumigatus species complex 
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 

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.  This list neither 
includes all yeasts that might be encountered in a clinical laboratory nor is intended to be used 
for the 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. 
 

It is expected that major pathogenic yeasts listed in the Master List will be completely 
identified to genus and species levels while those yeasts not listed in the master list will be 
identified to genus only (i.e. Candida inconspicua as Candida species).  However, the laboratory 
can elect to provide only genus level identification if it reflects the standard operating procedures 
(SOP) for patient testing.  Please use “species complex” where appropriate, e.g. Candida 

parapsilosis species complex if it is consistent with current reporting format used by the 
laboratory. 
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Blastoschizomyces capitatus (Geotrichum capitatum) Cryptococcus terreus 
Blastoschizomyces species Cryptococcus uniguttulatus 
Candida albicans Geotrichum candidum 
Candida dubliniensis Geotrichum species 
Candida famata Hansenula anomala (Candida pelliculosa) 
Candida glabrata Malassezia furfur 
Candida guilliermondii species complex Malassezia pachydermatis 
Candida kefyr Malassezia species 
Candida krusei Pichia ohmeri (Kodamaea ohmeri) 
Candida lipolytica (Yarrowia lipolytica) Prototheca species 
Candida lusitaniae Prototheca wickerhamii 
Candida norvegensis Prototheca zopfii 
Candida parapsilosis species complex Rhodotorula glutinis 
Candida rugosa Rhodotorula minuta 
Candida species Rhodotorula mucilaginosa (rubra) 
Candida tropicalis Rhodotorula species 
Candida viswanathii Saccharomyces cerevisiae 
Candida zeylanoides Saccharomyces species 
Cryptococcus albidus Sporobolomyces salmonicolor 
Cryptococcus gattii Sporobolomyces species 
Cryptococcus laurentii Trichosporon asahii 
Cryptococcus neoformans Trichosporon inkin 
Cryptococcus neoformans-  Trichosporon mucoides 
Cryptococcus gattii species complex Trichosporon species 
Cryptococcus species  



11 
 

 Summary of Laboratory Performance: 
 
Mycology – Mold 
 

 Specimen key Validated  
specimen 

Other acceptable  
answers 

Laboratories 
with correct 

responses / Total 
laboratories 

(% correct responses) 
M-1 Aspergillus terreus Aspergillus terreus Aspergillus terreus 

group 
60/60 (100%) 

M-2 Beauveria species Beauveria species 
 

 59/61 (97%) 

M-3 Aureobasidium 

pullulans 
(Not validated) 
 

Aureobasidium species 16/61 (26%) 

M-4 Cunninghamella 

species 
Cunninghamella 

species 
Cunninghamella 

bertholletiae 

Cunninghamella 

elegans 

60/61 (98%) 

M-5 Cladosporium 
species 

Cladosporium 
species  

 59/61 (97%) 

 
 
 
 
 
Mycology – Yeast Only 
 

 
  

 Specimen key Validated  
specimen 

Other acceptable  
answers 

Laboratories 
with correct responses 

/ 
Total  laboratories 

(% correct responses) 
Y-1 Rhodotorula minuta

  
Rhodotorula 

minuta  

 

 46/49 (94%) 

Y-2 Candida 

parapsilosis  
Candida 

parapsilosis 
Candida parapsilosis 

species complex 
55/55 (100%) 

Y-3 Candida glabrata Candida glabrata 

 
 55/55 (100%) 

Y-4 Candida albicans Candida albicans 

 
 55/55 (100%) 

Y-5 Candida tropicalis Candida tropicalis 

 
 54/55 (98%) 
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Mycology – Direct detection (Cryptococcus Antigen Test) 
 

 Specimen key  
(Titer) 

Validated  
specimen 

Acceptable 

Titer Range 
Correct responses / 
Total laboratories 

(% correct responses) 
Qualitative Quantitative 

Cn-Ag-1 Positive (1:8) (Not validated) 1:2 – 1:32 50/67 (75%) 48/48 (100%) 

Cn-Ag-2 Positive (1:512) Positive (1:512) 1:64 – 1:2048  67/67 (100%) 60/62 (97%) 

Cn-Ag-3 Negative Negative  67/67 (100%) NA 

Cn-Ag-4 Positive (1:256) Positive (1:256) 1:32 – 1:1024 67/68 (99%) 60/62 (97%) 

Cn-Ag-5 Negative  Negative    66/67 (99%) NA 
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Antifungal Susceptibility Testing for Yeast (S-1: Candida parapsilosis M958) 
 

 
 
 

 
 

Drugs Acceptable MIC 

( g/ml) Range 
Acceptable  

interpretation 
Laboratories with acceptable 

responses/ Total laboratories 
(% correct responses) 

Amphotericin B 0.25 – 1 Susceptible /  
No interpretation 

21/21 (100%) 

Anidulafungin 0.25 – 1 Susceptible 16/16 (100%) 

Caspofungin 0.125 – 1 Susceptible 22/22 (100%) 

Flucytosine (5-FC) 0.03 – 0.125 Susceptible /  
No interpretation 

25/25 (100%) 

Fluconazole 0.5 – 4  Susceptible 32/32 (100%) 

Itraconazole 0.03 – 0.125  Susceptible /  
No interpretation 

29/29 (100%) 

Ketoconazole 0.03 – 0.125 Susceptible / No 

interpretation 
5/5 (100%) 

Micafungin 0.5 – 1 Susceptible  17/17 (100%) 

Posaconazole 0.03 – 0.125 Susceptible /  
No interpretation 

15/15 (100%) 

Voriconazole 0.008 – 0.125 Susceptible 27/27 (100%) 
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Commercial Device Usage Statistics: 
(Commercial devices/ systems/ methods used for fungal identification, susceptibility testing or 
antigen detection) 
 

 
*Include multiple systems used by some laboratories 

Device 
No.  

laboratories 

Yeast Identification*  

AMS Vitek 1 

API 20C AUX 25 

Bruker MicroFlex LT Biotyper 1 

Dade Behring MicroScan Rapid Yeast Identification Panel 3 

Remel RapID Yeast Plus System 4 

Vitek2 28 

  

Antifungal Susceptibility*  

Disk diffusion 1 

Etest 1 

Vitek II 1 

YeastOne – Mold 2 

YeastOne – Yeast 26 

CLSI Microbroth dilution method – Yeast 4 

CLSI Microbroth dilution method – Mold 3 

  

Cryptococcal antigen*  

Immuno-Mycologics Latex Cryptococcus Antigen Detection System 8 

Immuno-Mycologics CrAg Lateral Flow Assay 7 

Meridien BioScience Cryptococcal Antigen Latex Agglutination System (CALAS) 44 

Meridien BioScience Premier Cryptococcal Antigen Detection (EIA) 3 

Remel Cryptococcal Antigen Latex Test 9 
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MOLD DESCRIPTIONS 
 
M-1 Aspergillus terreus  
 
Source: Sputum / Abscess / Nail 
 
Clinical Significance: Aspergillus terreus is an uncommon pathogen that causes allergic 
broncho-pulmonary aspergillosis or invasive aspergillosis. It is also reported from cutaneous, 
ophthalimic, pulmonary, and disseminated infections. Keratitis, arthritis, spondylodiscitis, and 
suppurative otitis are also reported to be caused by A. terreus. Aspergillus terreus, an emerging 
opportunistic fungal pathogen, is among very few fungi that are reported to exhibit intrinsic 
resistance to amphotericin B.    
 
Colony: A. terreus colonies grow rapidly, cinnamon to brown, powdery on Sabouraud’s dextrose 
agar at 25 C (Figure 1).   
 
Microscopy: Lactophenol – Lactophenol cotton blue mount shows hyaline hyphae with solitary 
aleurioconidia attached and phialides biseriate and conidial head in the form of compact column. 
Conidia are in chains, round, and smooth walled (Figure 1).  
 
Differentiation: A. terreus forms cinnamon to brown colony, which differentiates it from A. 

fumigatus (dark greenish to gray colony), A. niger (black colony), A. flavus (yellow to green 
colony), A. versicolor (yellow, tan, to green colored colony) A. nidulans (usually green colony), 
A. glaucus (green colony), and A. clavatus (blue-green colony). A. terreus phialides are biseriate, 
but A. fumigates, A. glaucus, and A. clavatus are uniseriate. A. flavus phialides are both uniseriate 
and biseriate. Cleistothecia are usually present in A. nidulans and A. glaucus, but not in A. 

terreus. Conidial head is loosely radiate and covers most of vesicle for A. versicolor, but it is 
more compact and phialides limited mainly to the upper part of the vesicle in A. terreus. Please 
refer to Table 1 for details.  
 
Molecular test: Molecular typing with the random amplified polymorphic DNA (RAPD) 
technique can be used to differentiate various A. terreus genotypes. Nested PCR with a mixture 
of specific primers to DNA topoisomerase II gene was also reported to identify pathogenic 
Aspergillus species including A. terreus.   
 
The ribosomal ITS1 and ITS2 regions of the test isolate showed 100% nucleotide identity with A. 

terreus ATCC 20542 isolate (GenBank accession no. AJ001338). 
 
Antifungal susceptibility: A. terreus is resistant to fluconazole and 5 fluorocytosine (5 FC) but 
susceptible to itraconazole, ketoconazole, and caspofungin.  
 
Participant performance:  

Referee Laboratories with correct ID:  10 
Laboratories with correct ID:    59 
Laboratories with incorrect ID:       0 
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Illustrations:  
 
Figure 1. Seven-day-old, pale yellow colony of Aspergillus terreus on Sabouraud’s dextrose 
agar, the reverse of colony appears yellow to brown with age (upper panel). Microscopic 
morphology of Aspergillus terreus showing hyaline hyphae with solitary aleurioconidia attached 
(Lower left panel, bar = 25 nm) and typical compact column formed conidial head with biseriate 
phialides and round, smooth conidia (lower right panel, bar = 50 nm). 
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Figure 1A.  Scanning electron micrograph of Aspergillus terreus (bar = 3μm, upper panel). Line 
drawings of A. terreus (lower panel). 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
http://www.mycobank.org/BioloMICS.aspx?Link=T&TargetKey=14682616000002126&Rec=3
690



18 
 

Further reading:  
 
Balajee SA. 2009. Aspergillus terreus complex. Med Mycol. 47 Suppl 1:S42-6.  
 
Blum G, Hörtnagl C, Jukic E, Erbeznik T, Pümpel T, Dietrich H, Nagl M, Speth C, Rambach G, Lass-Flörl C. 2013. 
New insight into amphotericin B resistance in Aspergillus terreus. Antimicrob Agents Chemother. 57:1583-1588.  
 
Bowman JC, Abruzzo GK, Flattery AM, Gill CJ, Hickey EJ, Hsu MJ, Kahn JN, Liberator PA, Misura AS, Pelak 
BA, Wang TC, Douglas CM. 2006. Efficacy of caspofungin against Aspergillus flavus, Aspergillus terreus, and 
Aspergillus nidulans. Antimicrob Agents Chemother. 50: 4202-4205. 
 
Caston JJ, Linares MJ, Gallego C, Rivero A, Font P, Solis F, Casal M, Torre-Cisneros J. 2007. Risk factors for 
pulmonary Aspergillus terreus infection in patients with positive culture for filamentous fungi. Chest. 131: 230-6. 
Fernández MS, Rojas FD, Cattana ME, Sosa Mde L, Mangiaterra ML, Giusiano GE. 2013. Aspergillus terreus 

complex: an emergent opportunistic agent of Onychomycosis. Mycoses. 56: 477-481.  
 
Escribano P, Peláez T, Recio S, Bouza E, Guinea J. 2012. Characterization of clinical strains of Aspergillus terreus 
complex: molecular identification and antifungal susceptibility to azoles and amphotericin B. Clin Microbiol Infect. 
18(2):E24-6.  
 
Modi DA, Farrell JJ, Sampath R, Bhatia NS, Massire C, Ranken R, Bonomo RA. 2012. Rapid identification of 
Aspergillus terreus from bronchoalveolar lavage fluid by PCR and electrospray ionization with mass spectrometry. 
J Clin Microbiol. 50: 2529-2530.  
 
Najafi N, Shokohi T, Basiri A, Parvin M, Yadegarinia D, Taghavi F, Hedayati MT, Abdi R. 2013. Aspergillus 

terreus-related ureteral obstruction in a diabetic patient. Iran J Kidney Dis. 7: 151-155.  
 
O'Shaughnessy EM, Meletiadis J, Stergiopoulou T, Demchok JP, Walsh TJ. 2006. Antifungal interactions within the 
triple combination of amphotericin B, caspofungin and voriconazole against Aspergillus species. J Antimicrob 

Chemother. 58: 1168-1176.  
 
Ozer B, Kalaci A, Duran N, Dogramaci Y, Yanat AN. 2009. Cutaneous infection caused by Aspergillus terreus. J 

Med Microbiol. 58: 968-970.  
 
Tak V, Mathur P, Xess I, Kale P, Sagar S, Misra MC. 2013. A case of dual infection in a paediatric trauma victim of 
primary cutaneous aspergillosis caused by Aspergillus flavus and Aspergillus terreus. Indian J Med Microbiol. 
31(2):193-196.  
 
Varughese S, Mathews MS, Tamilarasi V. 2011. Successful renal transplantation following treatment of Aspergillus 

terreus peritonitis in a continuous ambulatory peritoneal dialysis patient. Indian J Nephrol. 21: 208-211.  
 
 

http://www.ncbi.nlm.nih.gov/pubmed/19291598?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=35
http://www.ncbi.nlm.nih.gov/pubmed/23318794
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=17015628&query_hl=2&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=17015628&query_hl=2&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=17218581&query_hl=2&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/pubmed/23448599
http://www.ncbi.nlm.nih.gov/pubmed/23448599
http://www.ncbi.nlm.nih.gov/pubmed/22128886
http://www.ncbi.nlm.nih.gov/pubmed/22128886
http://www.ncbi.nlm.nih.gov/pubmed/22518857
http://www.ncbi.nlm.nih.gov/pubmed/22518857
http://www.ncbi.nlm.nih.gov/pubmed/23485541
http://www.ncbi.nlm.nih.gov/pubmed/23485541
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=17071635&query_hl=2&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/pubmed/19502369?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=26
http://www.ncbi.nlm.nih.gov/pubmed/23867682
http://www.ncbi.nlm.nih.gov/pubmed/23867682
http://www.ncbi.nlm.nih.gov/pubmed/21886985
http://www.ncbi.nlm.nih.gov/pubmed/21886985


19 
 

  



20 
 

M-2 Beauveria species 
 
Source: Sputum / Bronchial Wash / Eye 
 
Clinical significance: Beauveria sp. is a very rare human pathogen, which may be associated 
with keratitis. Pneumonia in an immunocompromised patient due to Beauveria has also been 
reported. 
 
Colony: Beauveria sp. grows moderately fast. Colonies are cottony, white to yellowish white 
with white to pale reverse on Sabouraud’s dextrose agar (Figure 2). 
 
Microscopy: Lactophenol cotton blue mount shows hyaline and septate hyphae. Conidiophore is 
flask-shaped with inflation at the base and narrow zigzagging filaments at the apex. The 
conidiogenous cells tend to form dense clusters. The unicellular, round to oval conidia are 
produced from each bending point called sympodial geniculate growth (Figure 2).  
 
Differentiation: Beauveria species can be differentiated from other fungal species by its 
zigzagging conidiogenous formation. 
  
Molecular test: Internal transcribed spacer (ITS) regions can be used for Beauveria sp. 
identification.  
 
The ribosomal ITS2 region of the test isolate showed 100% nucleotide identity with Beauveria 

bassiana isolate IMI 382723 (GenBank accession no. AJ560692.1). 
 
Antifungal susceptibility: Beauveria species are generally susceptible to amphotericin B and 
itraconazole.  
 
Participant performance:  

Referee Laboratories with correct ID:  10 
Laboratories with correct ID:     59 
Laboratories with incorrect ID:     02 

  (Gliocladium species)    (1) 
  (Malbranchea species)   (1) 
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Illustrations:  
 
Figure 2. Seven-day-old, white, cotton textured colony of Beauveria sp. on Sabouraud’s 
dextrose agar (upper panels). Microscopic morphology of Beauveria species showing the zigzag 
conidiogenous cell (lower panel).  
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Figure 2A. Scanning electron micrograph of conidia of Beauveria species on Sabouraud’s 
dextrose agar (bar = 1 µm, upper panel). Line drawings of Beauveria species (lower panel). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
http://www.mycobank.org/BioloMICS.aspx?Link=T&TargetKey=14682616000002126&Rec=1
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Further reading: 
 
Figueira L, Pinheiro D, Moreira R, Pinto E, Simões J, Camisa E, Torrão L, Palmares J, Falcão-Reis F. 2012. 
Beauveria bassiana keratitis in bullous keratopathy: antifungal sensitivity testing and management. 
Eur J Ophthalmol. 22: 814-818.  
 
Gurcan, S., Tugrul, H.M., Yoruk, Y., Ozer, B., Tatman-Otkun, M., Otkun, M. 2006. First case report of empyema 
caused by Beauveria bassiana. Mycoses. 49: 246-248.  
 
Kisla TA, Cu-Unjieng A, Sigler L, Sugar J. 2000. Medical management of Beauveria bassiana keratitis. 
Cornea. 19: 405-406. 
 
Pariseau B, Nehls S, Ogawa GS, Sutton DA, Wickes BL, Romanelli AM. 2010. Beauveria keratitis and 
biopesticides: case histories and a random amplification of polymorphic DNA comparison. 
Cornea. 29: 152-158.  
 
Tu EY, Park AJ. 2007. Recalcitrant Beauveria bassiana keratitis: confocal microscopy findings and treatment with 
posaconazole (Noxafil). Cornea. 26: 1008-1010. 
 
Tucker DL, Beresford CH, Sigler L, Rogers K. 2004. Disseminated Beauveria bassiana infection in a patient with 
acute lymphoblastic leukemia. J Clin Microbiol. 42: 5412-5414.  
  
 
 
 

http://www.ncbi.nlm.nih.gov/pubmed/22467587
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=16681819&query_hl=17&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/pubmed?term=Kisla%20TA%5BAuthor%5D&cauthor=true&cauthor_uid=10832710
http://www.ncbi.nlm.nih.gov/pubmed?term=Cu-Unjieng%20A%5BAuthor%5D&cauthor=true&cauthor_uid=10832710
http://www.ncbi.nlm.nih.gov/pubmed?term=Sigler%20L%5BAuthor%5D&cauthor=true&cauthor_uid=10832710
http://www.ncbi.nlm.nih.gov/pubmed?term=Sugar%20J%5BAuthor%5D&cauthor=true&cauthor_uid=10832710
http://www.ncbi.nlm.nih.gov/pubmed/10832710
http://www.ncbi.nlm.nih.gov/pubmed?term=Pariseau%20B%5BAuthor%5D&cauthor=true&cauthor_uid=20023588
http://www.ncbi.nlm.nih.gov/pubmed?term=Nehls%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20023588
http://www.ncbi.nlm.nih.gov/pubmed?term=Ogawa%20GS%5BAuthor%5D&cauthor=true&cauthor_uid=20023588
http://www.ncbi.nlm.nih.gov/pubmed?term=Sutton%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=20023588
http://www.ncbi.nlm.nih.gov/pubmed?term=Wickes%20BL%5BAuthor%5D&cauthor=true&cauthor_uid=20023588
http://www.ncbi.nlm.nih.gov/pubmed?term=Romanelli%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=20023588
http://www.ncbi.nlm.nih.gov/pubmed/20023588
http://www.ncbi.nlm.nih.gov/pubmed?term=Tu%20EY%5BAuthor%5D&cauthor=true&cauthor_uid=17721308
http://www.ncbi.nlm.nih.gov/pubmed?term=Park%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=17721308
http://www.ncbi.nlm.nih.gov/pubmed/17721308
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=15528759&query_hl=23&itool=pubmed_docsum
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M-3 Aureobasidium pullulans 
 
Source: Blood  / Skin / Bronchial Wash 
 
Clinical significance: Aureobasidium pullulans is a black-yeast like fungus, which occasionally 
causes phaeohyphomycosis, keratomycosis, pulmonary mycosis, and cutaneous mycoses. 
 
Colony: Generally A. pullulans grows fast on Sabouraud’s dextrose agar, white colony turning 
black with age, mucoid or slimy texture (Figure 3). 
 
Microscopy: Lactophenol cotton blue mount shows mostly hyaline septate hyphae. Blastoconidia 
develops synchronously (i.e. conidia formed simultaneously from separate fertile points on 
hyphal tips), producing clusters of conidia (Figure 3). Dark arthroconidia and chlamydoconidia 
also appears with age. 
 
Differentiation: A. pullulans is differentiated from other black-yeast like fungi by its rapid 
growth, white or pink colonies, turning black with age, blastoconidia produced synchronously in 
tufts and formation of dark chlamydospores and arthroconidia. Hormonema dematioides is also a 
black yeast-like fungus that produces blastoconidia successively from a single opening, unlike 
synchronous blastoconidia formation by A. pullulans. Aureobasidium pullulans is methyl- -D-
glucoside assimilation positive, which can be tested with the API 20C AUX panel, and used for 
differentiation between A. pullulans and H. dematioides. Phaeoannellomyces werneckii, another 
black yeast, is currently called Hortaea werneckii that forms dark colonies, annelloconidia 
sympodially or percurrently from undifferentiated conidiogenous cells, and it does not grow on 
methyl- -D-glucoside.  
 
Molecular test: Analysis of genes coding for small subunit rRNA sequences of dematiaceous 
fungal pathogens provided means of accurate identification. An oligonucleotide probe for A. 

pullulans was developed based on the small subunit rRNA gene for identification from leaf 
surfaces and other microbial communities. The nuclear subunit rRNA genes of various black 
molds were amplified by PCR and directly sequenced. RAPD technique was used to discriminate 
among the strains of A. pullulans isolated from rocks and other habitats. 
 
The ribosomal ITS1 and ITS2 regions of the test isolate showed 100% nucleotide identity with 
Aureobasidium pullulans Y126 (Genebank accession number: KC161971.1). 
 
Antifungal susceptibility: Susceptibility testing studies suggested that A. pullulans is susceptible 
to amphotericin B, flucytosine, itraconazole, and ketoconazole, but less susceptible to 
fluconazole. 
 
Participant performance:  

Referee Laboratories with correct ID:   02 
Laboratories with correct ID:      16 
Laboratories with incorrect ID:       44 

  (Hormonema dematioides)              (36) 
(Arthrographis species)    (1) 
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(Cunninghamella species)    (1) 
(Emmonsia parva)     (1) 
(Phoma species)     (1) 
(Pseudallescheria boydii species complex)  (1) 
(Scytalidium hyalinum)    (1) 
(Sporothrix schenckii species complex)  (1) 
(Trichophyton species)    (1) 
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Illustrations:  
 
Figure 3. Aureobasidium pullulans colony is white to black, texture mucoid on Sabouraud’s 
dextrose agar (upper panel). Microscopic morphology of Aureobasidium pullulans showing 
hyphae and blastoconidia, produced synchronously, dark arthroconidia and chlamydoconidia 
appearing with age (lower panel). 
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Figure 3A. Scanning electron micrograph of Aureobasidium pullulans (bar = 1 µm; upper panel). 
Line drawing depicting details of Aureobasidium pullulans (lower panel). 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
http://www.mycobank.org/BioloMICS.aspx?Link=T&TargetKey=14682616000002126&Rec=3701 
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Further reading: 
 
Arabatzis M. 2012. Hypothyroidism-related onycholysis with Aureobasidium pullulans colonization successfully treated 
with antifungal therapy.  Clin Exp Dermatol. 37: 370-373.  
 
Arranz Sánchez DM, de la Calle MC, Martín-Díaz MA, Flores CR, González-Beato MJ, Pinto PH, Díaz Díaz RM. 2006. 
Subcutaneous mycosis produced by Aureobasidium pullulans in a renal transplant recipient. J Eur Acad Dermatol 

Venereol. 20: 229-230. 
 
Chan GF, Puad MS, Chin CF, Rashid NA. 2011. Emergence of Aureobasidium pullulans as human fungal pathogen and 
molecular assay for future medical diagnosis. Folia Microbiol (Praha). 56: 459-467.  
 
Chawla B, Sharma N, Titiyal JS, Nayak N, Satpathy G. 2010. Aureobasidium pullulans keratitis following automated 
lamellar therapeutic keratoplasty. Ophthalmic Surg Lasers Imaging. 9: 1-3.  
 
Huang YT, Liaw SJ, Liao CH, Yang JL, Lai DM, Lee YC, Hsueh PR. 2008. Catheter-related septicemia due to 
Aureobasidium pullulans. Int J Infect Dis. 12: e137-9.  
 
Joshi A, Singh R, Shah MS, Umesh S, Khattry N. 2010. Subcutaneous mycosis and fungemia by Aureobasidium 

pullulans: a rare pathogenic fungus in a post allogeneic BM transplant patient. Bone Marrow Transplant. 45: 203-204. 
 
Loncaric I, Donat C, Antlinger B, Oberlerchner JT, Heissenberger B, Moosbeckhofer R. 2008. Strain-specific detection 
of two Aureobasidium pullulans strains, fungal biocontrol agents of fire blight by new, developed multiplex-PCR. J Appl 

Microbiol. 104: 1433-1441. 
 
Maverick KJ, Conners MS. 2007. Aureobasidium pullulans fungal keratitis following LASEK. J Refract Surg. 23: 727-
729. 
 
Mershon-Shier KL, Deville JG, Delair S, Fothergill AW, Wickes B, de Hoog GS, Sutton DA, Lewinski MA. 2011. 
Aureobasidium pullulans var. melanigenum fungemia in a pediatric patient. Med Mycol. 49: 80-83.  
 
Mise N, Ono Y, Kurita N, Sai K, Nishi T, Tagawa H, Sugimoto T. 2008. Aureobasidium pullulans  peritonitis: case 
report and review of the literature. Perit Dial Int. 28: 679-681.  
 
Morais OO, Porto C, Coutinho AS, Reis CM, Teixeira Mde M, Gomes CM. 2011. Infection of the lymphatic system by 
Aureobasidium pullulans in a patient with erythema nodosum leprosum. Braz J Infect Dis. 15: 288-292. 
 
Oliveira LR, Moraes-Souza H, Maltos AL, Santos KC, Molina RJ, Barata CH. 2013. Aureobasidium pullulans infection 
in a patient with chronic lymphocytic leukemia. Rev Soc Bras Med Trop. 46: 660-662. 
 
Panda A, Das H, Deb M, Khanal B, Kumar S. 2006. Aureobasidium pullulans keratitis. Clin Experiment Ophthalmol. 34: 
260-264. 
 
Pikazis D, Xynos ID, Xila V, Velegraki A, Aroni K. 2009. Extended fungal skin infection due to Aureobasidium 

pullulans. Clin Exp Dermatol. 34: e892-894.  
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M-4 Cunninghamella species 
 
Source: Sputum / Toenail / Blood 
 
Clinical significance: Cunninghamella sp. is occasionally reported as a causal agent of pulmonary 
zygomycosis or as an agent of nosocomial mycosis. 
 
Colony: Cunninghamella sp. grows relatively rapidly. Colony is white to gray with cottony texture, 
pale or buff on reverse on Sabouraud’s dextrose agar (Figure 4). 
 
Microscopy: Lactophenol cotton blue mount shows broad, hyaline, and aseptate hyphae. 
Sporangiophores are branched with swollen vesicles at the end. Vesicles are covered with single-
spored sporangioles supported by short denticles projecting from the vesicle (Figure 4). 
 
Differentiation: Cunninghamella sp. is distinct from other common Zygomycetes or mucorales fungi 
by their single-spored sporangia formed on denticles on the vesicle surface. 
 
Molecular test: Cunninghamella spp. can be identified by means of panfungal polymerase chain 
reaction (PCR), direct DNA sequencing of the PCR products, and homology search with nucleotide 
basic local alignment search tool. 
 
The ribosomal ITS1 and ITS2 regions of the test isolate showed 100% nucleotide identity with 
Cunninghamella elegans isolate 19-M-1 (Genebank accession number: EU076936). 
 
Antifungal susceptibility: Cunninghamella sp. is susceptible to amphotericin B, posaconazole, and 
itraconazole, but resistant to ketoconazole and miconazole. 
 
Participant performance:  

Referee Laboratories with correct ID:    10 
Laboratories with correct ID:    60 
Laboratories with incorrect ID:   01 

  (Aureobasidium pullulan)   (1) 
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Illustrations:  
 
Figure 4. White to gray cottony texture colony of Cunninghamella sp. on Sabouraud’s dextrose agar 
(upper panel). Microscopic morphology of Cunninghamella sp. showing broad, hyaline, and aseptate 
hyphae. Sporangiophores branched and end with a swollen vesicle covered with single-spored 
sporangioles (lower panel)  
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Figure 4A. Light microscopic and scanning electron micrograph of Cunninghamella spceies (upper 
panel). Line drawing depicting details of Cunninghamella species (lower panel). 
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Further reading: 
 
Garbino J, Myers C, Ambrosioni J, Gumy-Pause F. 2010. Report of a successful treatment of pulmonary 
Cunninghamella bertholletiae infection with liposomal amphotericin and posaconazole in a child with GvHD and review 
of the literature. J Pediatr Hematol Oncol. 32: 85-87. 
 
Garey KW, Pendland SL, Huynh VT, Bunch TH, Jensen GM, and Pursell KJ. 2001. Cunnighamella bertholletiae 

infection in a bone marrow transplant patient: amphotericin lung penetration, MIC determinations, and review of the 
literature. Pharmacotherapy 21: 855-860. 
 
Lemmer K, Losert H, Rickerts V, Just-Nubling G, Sander A, Kerkmann ML, Tintelnot K. 2002. Molecular biological 
identification of Cuninghamella species. Mycoses 451:31-36. 
 
Motohashi K, Ito S, Hagihara M, Maruta A, Ishigatsubo Y, Kanamori H. 2009. Cutaneous zygomycosis caused by 
Cunninghamella bertholletiae in a patient with chronic myelogenous leukemia in blast crisis. Am J Hematol. 84: 447-
448. 
 
Pastor FJ, Ruíz-Cendoya M, Pujol I, Mayayo E, Sutton DA, Guarro J. 2010. In vitro and in vivo antifungal 
susceptibilities of the mucoralean fungus Cunninghamella. Antimicrob Agents Chemother. 54: 4550-4555.  
 
Ribes JA, Vanover-Sams CL, and Baker DJ. 2000. Zygomycetes in human disease. Clin. Microbiol. Rev. 13: 236-301. 
 
Rickerts V, Bohme A, Viertel, A, Behrendt G, Jacobi V, Tintelnot K, Just- Nubling G. 2000. Cluster of pulmonary 
infections caused by Cunninghamella bertholletiae in immunocompromised patients. Clin. Infect. Dis. 31: 910-913. 
 
Sato M, Gemma H, Sano T, Ono T, Atsumi E Ito, I, Chida K, Nakamura H. 2001. Pulmonary mucormycosis caused by 
Cunninghamella bertholletiae in a nonimmunocompromised woman. Nihon Kokyuki Gakkai Zasshi 39: 758-762. 
 
Tomsikova A. 2002. Causative agents of nosocomial mycoses. Folia Microbiol. 47: 105-112. 
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M-5 Cladosporium species 
 
Source: Tissue / Scalp / Nail 
 
Clinical significance: Cladosporium sp. is a common airborne mold, but rarely causes human disease 
such as allergic fungal sinusitis. This fungus has also been implicated in cutaneous infection. 
 
Colony: Cladosporium sp. grows rapidly with grayish green, powdery or velvety surface and 
greenish-black to brownish-black reverse on Sabouraud’s dextrose agar (Figure 5).  
 
Microscopy: Lactophenol cotton blue mount shows conidia often in long, branched chains with 
variable size. Conidia are unicellular and ellipsoidal to round at the tip. Prominent scars are visible at 
the points of attachment (Figure 5).  
 
Differentiation: Generally, Cladosporium species have longer chains of conidia than Fonsecaea spp. 
and have small dark scars of attachment. On the country, the distal end of the conidiaophore of 
Fonsecaea develops swollen denticles that bore primary single-celled ovoid conidia. Xylohypha 

bantiana is differentiated from Cladosporium by its lack of disjuncture scars on conidia.    
 
Molecular test: Restriction fragment length polymorphisms (RFLP) of the ribosomal small subunit 
gene and internal transcribed spacer (ITS) regions were used to distinguish Cladosporium species 
from other closely related molds such as Fonsecaea, Phialophora, and Rhinocladiella spp.    
 
The ribosomal ITS1 and ITS2 regions of the test isolate showed 100% nucleotide identity with 
Cladosporium cladosporioides strain CBS 169.54 (Genebank accession number: AJ300335.1). 
 
Antifungal susceptibility: Cladosporium species are generally susceptible to fluconazole. 
 
Participant performance:  

Referee Laboratories with correct ID:  10 
Laboratories with correct ID:    59 
Laboratories with incorrect ID:   02 
 (Cladophialophora species)   (2) 
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Illustrations:  
 
Figure 5. Grayish green colony of Cladosporium species on Sabouraud’s dextrose agar (upper 
panel). Microscopic morphology of Cladosporium species showing conidia in long, branched 
chains with variable size with the scars at the points of attachment of conidia (lower panel). 
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Figure 5A. Scanning electron micrograph of Cladosporium species (bar = 10 μm; upper panel). 
Line drawing depicting details of Cladosporium species (lower panel). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
http://www.mycobank.org/BioloMICS.aspx?Link=T&TargetKey=14682616000002126&Rec=3
744 



36 
 

Further reading: 
 
Caligiorne RB, De Resende MA, Dias-Nias-Neto E, Oliveira SC, Azevedo V. 1999. Dematiaceous fungal 
pathogens: analysis of ribosomal DNA gene polymorphism by polymerase chain reaction-restriction fragment length 
polymorphism. Mycoses 42: 609-614.  
 
Chew FL, Subrayan V, Chong PP, Goh MC, Ng KP. 2009. Cladosporium cladosporioides keratomycosis: a case 
report. Jpn J Ophthalmol. 53: 657-659.  

Chiba S, Okada S, Suzuki Y, Watanuki Z, Mitsuishi Y, Igusa R, Sekii T, Uchiyama B. 2009. Cladosporium species-
related hypersensitivity pneumonitis in household environments. Intern Med. 48: 363-367. 

Duquia RP, de Almeida HL Jr, Vettorato G, Rocha NM, de Castro LA. 2010. Ecthyma-like phaeohyphomycosis 
caused by Cladosporium cladosporioides. Mycoses. 53: 541-543.  
 
Gugnani HC, Ramesh V, Sood N, Guarro J, Moin-Ul-Haq, Paliwal-Joshi A, Singh B. 2006. Cutaneous 
phaeohyphomycosis caused by Cladosporium oxysporum and its treatment with potassium iodide. Med Mycol. 44: 
285-288. 
 
Kantarcioglu AS, Yucel A, De Hoog GS. 2002. Case report. Isolation of Cladosporium cladosporioides from 
cerebrospinal fluid. Mycoses 45: 500-503.  
 
Matsuwaki Y, Nakajima T, Iida M, Nohara O, Haruna S, Moriyama H. 2001. A case report of allergic fungal 
sinusitis caused by Penicillium sp. and Cladosporium sp. Nippon Jibiinkoka Gakkai Kaiho 104: 1147-1150.  

Sang H, Zheng XE, Zhou WQ, He W, Lv GX, Shen YN, Kong QT, Liu WD. 2012. A case of subcutaneous 
phaeohyphomycosis caused by Cladosporium cladosporioides and its treatment. Mycoses. 55: 195-197.  
 
Sosa EE, Cohen PR, Tschen JA. 2012. Cladosporium scalp infection. Skinmed. 10: 393-394. 
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YEAST DESCRIPTIONS 
 

Y-1 Rhodotorula minuta 
 
Source: Urine / Catheter / Sputum 
 
Clinical significance: Rhodotorula minuta is reported as a rare/unusual causative agent of 
systemic infections in patients with AIDS and leukemia. It is isolated from blood, sputum, throat 
swabs, and feces. 
 
Colony: R. minuta colony is pink, smooth, and soft on Sabouraud’s dextrose agar at 25 C 
(Figure 6). 
 
Microscopy: R. minuta does not produce pseudohyphae, round blastoconidia are seen on corn 
meal agar with Tween 80 (Figure 6). 
 
Differentiation: R. minuta does not assimilate maltose, which differentiate it from R. glutinis and 
R. mucilaginosa.  
 
Molecular test: ITS sequences information is available to be used for molecular identification. 
 
The ribosomal ITS1 region of the test isolate showed 100% nucleotide identity with Rhodotorula 

minuta (synonyms: Rhodotorula slooffii) CBS 5706 (Genebank accession number: AF444627). 
 
Antifungal susceptibility:  R. minuta was susceptible to amphotericin B, 5-flucytosine, and 
itraconazole, but resistant to fluconazole.  
 
Participant performance:  

Referee Laboratories with correct ID:  10 
Laboratories with correct ID:    46 
Laboratories with incorrect ID:     03 
 (Rhodotorula mucilaginosa)   (3) 
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Illustrations:  
 
Figure 6. Rhodotorula minuta, colony smooth, soft, pink on Sabouraud’s dextrose agar, 25°C 
(left panel).  Microscopic morphology on corn meal agar with Tween 80, showing oval to round 
blastoconidia (right panel).  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6A. Scanning electron micrograph of Rhodotorula minura illustrates blastoconidia (bar = 
1 m). 
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Further reading: 
 
Cutrona AF, Shah M, Himes MS, Miladore MA. 2002. Rhodotorula minuta: an unusual fungal infection in hip-joint 
prosthesis. Am. J. Orthop. 31: 137-140.  
 
Garcia-Martos P, Dominguez I, Marin P, Garcia-Agudo R, Aoufi S, Mira J. 2001. Antifungal susceptibility of 
emerging yeast pathogens. Enferm. Infecc. Microbiol. Clin. 19: 249-256. 
 
Goldani LZ, Craven DE, Sugar AM. 1995. Central venous catheter infection with Rhodotorula minuta in a patient 
with AIDS taking suppressive doses of fluconazole. J. Med. Vet. Mycol. 33: 267-270.  
 
Krzyściak P, Macura AB. 2010. Drug susceptibility of 64 strains of Rhodotorula sp. Wiad Parazytol. 56: 167-170. 
 
Pinna A, Carta F, Zanetti S, Sanna S, Sechi LA. 2001. Endogenous Rhodotorula minuta and Candida albicans 
endophthalmitis in an injecting drug user. Br. J. Ophthalmol. 85: 759. 
 
Thanos L, Mylona S, Kokkinaki A, Pomoni M, Tsiouris S, Batakis N. 2006. Multifocal skeletal tuberculosis with 
Rhodotorula minuta co-infection. Scand J Infect Dis. 38: 309-11. 
 
Wirth F, Goldani LZ. 2012. Epidemiology of Rhodotorula: an emerging pathogen. Interdiscip Perspect Infect Dis. 
2012:465717.  
 
Zhou J, Chen M, Chen H, Pan W, Liao W. 2013. Rhodotorula minuta as onychomycosis agent in a Chinese patient: 
first report and literature review. Mycoses. [Epub ahead of print] 
 
 

http://www.ncbi.nlm.nih.gov/pubmed/20707302
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=16718937&ordinalpos=4&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/23091485
http://www.ncbi.nlm.nih.gov/pubmed/24118107
http://www.ncbi.nlm.nih.gov/pubmed/24118107


40 
 

Y-2 Candida parapsilosis 
 
Source: Body fluid / Urine / Stool 
 
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 as causative agent of onychomycosis. 
 
Colony: Candida parapsilosis colony is white to cream, dull with smooth surface on 
Sabouraud’s dextrose agar after 5 days at 25°C (Figure 7). 
 
Microscopy: Candida parapsilosis shows long, multibranched pseudohyphae, together with 
small elongated blastoconidia on corn meal agar with Tween 80 (Figure 7). 
 
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 form 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 Candida 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:    55 
Laboratories with incorrect ID:     0 
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Illustrations:  
 
Figure 7. Candida parapsilosis white to cream, smooth colony on Sabouraud’s dextrose agar, 
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 m).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7A. Scanning electron micrograph with pseudohyphae and blastoconidia. 
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Further reading: 
 
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. 
 
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. 
 
Garzoni C, Nobre VA, Garbino J. 2007. Candida parapsilosis endocarditis: a comparative review of the literature. 
Eur J Clin Microbiol Infect Dis. 26: 915-926. 
 
Gilani AA, Barr CS. 2012. Recurrent Candida parapsilosis infective endocarditis aortic root replacement. 
Br J Hosp Med (Lond). 73: 468-469. 
 
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. J Med Microbiol. 60: 477-480. 
 
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. 
 
Moris DV, Melhem MS, Martins MA, Souza LR, Kacew S, Szeszs MW, Carvalho LR, Pimenta-Rodrigues MV, 
Berghs HA, Mendes RP. 2012. Prevalence and antifungal susceptibility of Candida parapsilosis complex isolates 
collected from oral cavities of HIV-infected individuals. J Med Microbiol. 61(Pt 12):1758-1765.  
 
Ruiz LD, Montelli AC, Sugizaki MD, Silva EG, Batista GC, Moreira D, Paula CR. 2012. Outbreak of fungaemia 
caused by Candida parapsilosis in a neonatal intensive care unit: Molecular investigation through microsatellite 
analysis. Rev Iberoam Micol. [Epub ahead of print] 
 
Schelenz S, Abdallah S, Gray G, Stubbings H, Gow I, 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. 
 
Singh R, Parija SC. 2012. Candida parapsilosis: an emerging fungal pathogen. Indian J Med Res. 136: 671-673. 
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.  
 
Trfa D, Gácser A, Nosanchuk JD. 2008. Candida parapsilosis, an emerging fungal pathogen. Clin Microbiol Rev. 
21: 606-625. 
 
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. 
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Y-3 Candida glabrata 

 
Source: Urine / Blood / Nail 
 
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. 
 
Colony: C. glabrata colony is white to cream, smooth and shiny on Sabouraud’s dextrose agar 
after 5 days at 25°C (Figure 8). 
 
Microscopy: C. glabrata shows tiny, round or elliptical shape blastoconidia on corn meal agar 
with Tween 80 (Figure 8). 
 
Differentiation: C. glabrata grows at 42°C but does not grow on media containing 
cycloheximide. It ferments glucose and trehalose. C. glabrata forms only blastoconidia and no 
pseudohyphae or true hyphae. 
 
Molecular 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 Candida glabrata CBS 138 (Genebank accession no: AY198398). 
 
Antifungal susceptibility: C. glabrata is susceptible to amphotericin B, caspofungin, and 5-FC 
but resistant to azoles like fluconazole and itraconazole. 
 
Participant performance:  

Referee Laboratories with correct ID:  10 
Laboratories with correct ID:    55 
Laboratories with incorrect ID:       0 
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Illustrations:  
 
Figure 8. Candida glabrata white and shiny colony on Sabouraud’s dextrose agar, 25°C.  
Microscopic morphology of Candida glabrata with small elliptical shaped blastoconidia on corn 
meal agar with Tween 80 (bar = 25 m).  
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8A. Scanning electron micrograph with blastoconidia of Candida glabrata. 
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Further reading: 
 
Becker K, Badehorn D, Keller B, Schulte M, Bohm KH, Peters G, FegelerW. 2001. Isolation and characterization of 
a species specific DNA fragment for identification of Candida (Torulopsis) glabrata by PCR. J.Clin. Microbiol. 39: 
3356-3359. 
 
Coco BJ, Bagg J, Cross LJ, Jose A, Cross J, Ramage G. 2008. Mixed Candida albicans and Candida glabrata 
populations associated with the pathogenesis of denture stomatitis. Oral Microbiol Immunol. 23: 377-383. 
 
Gherna M, Merz WG. 2009. Identification 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.  
 
Gugic D, Cleary T, Vincek V. 2008. Candida glabrata infection in gastric carcinoma patient mimicking cutaneous 
histoplasmosis. Dermatol Online J. 14: 15. 
 
Huang HL, Lin CY, Chang YT, Chen YH, Wu WT, Lu PL. 2013. Arteriovenous graft infection caused by Candida 

glabrata: A case report and literature review. J Microbiol Immunol Infect. [Epub ahead of print] 
 
Khan ZU, Ahmad S, Al-Obaid I, Al-Sweih NA, Joseph L, Farhat D.2008. Emergence of resistance to amphotericin 
B and triazoles in Candida glabrata vaginal isolates in a case of recurrent vaginitis. J Chemother. 20: 488-91. 
 
Kiraz N, Dag I, Yamac M, Kiremitci A, Kasifoglu N, Akgun Y. 2009. Antifungal activity against Candida glabrata 
of caspofungin in combination with amphotericin B: Comparison of Disk diffusion, Etest and Time-kill methods. 
Antimicrob Agents Chemother. 53: 788-790. 
 
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.  
 
Pyrgos V, Ratanavanich K, Donegan N, Veis J, Walsh TJ, Shoham S. 2008. Candida bloodstream infections in 
hemodialysis recipients. Med Mycol. 16:1-5.  
 
Sutherland A, Ellis D. 2008. Treatment of a critically ill child with disseminated Candida glabrata with a 
recombinant human antibody specific for fungal heat shock protein 90 and liposomal amphotericin B, caspofungin, 
and voriconazole. Pediatr Crit Care Med. 9: e23-25. 
 
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. 
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Y-4 Candida albicans 
 
Source: Sputum / Urine / Stool / Tissue 
 
Clinical significance: Candida albicans is the most common cause of candidiasis. It is ubiquitous 
in humans who probably encounter it initially during passage through the birth canal. The serious 
infections are generally seen in immunocompromised patients. 
 
Colony: C. albicans colony is white to creamy, glossy, smooth and soft on Sabouraud’s dextrose 
agar at 25°C for 3 to 5 days (Figure 9). 
 
Microscopy: C. albicans yeasts are round blastoconidia bunched together with pseudohyphae on 
corn meal agar with Tween 80. Thick walled, mostly terminal chlamydospores are prominent 
(Figure 9). 
 
Differentiation: By morphological criterion, C. albicans is difficult to distinguish from C. 

dubliniensis. However, C. albicans grows well at 42°C and 45 C, but C. dubliniensis grows 
poorly or not at all at 42°C or 45 C. C. dubliniensis generally produces more abundant 
chlamydospores than C. albicans. If the CHEOMagar is used for diagnosis, bluish green color 
distinguishes C. albicans from dark-green color of C. dubliniensis. The positive germ tube test 
for C. albicans distinguishes it from C. tropicalis. 
 
Molecular test: Molecular tests are available for identification of C. albicans. A large number of 
DNA typing and nucleotide sequencing methods are available for molecular epidemiology of C. 

albicans strains. 
 
The ribosomal ITS1 and ITS2 regions of the test isolate showed 100 % nucleotide identity with 
Candida albicans strain CS-KW8723 (GenBank accession no. KC176533.1). 
 
Antifungal susceptibility: C. albicans is sensitive to amphotericin B, anidulafungin, caspofungin, 
micafungin, fluconazole, and posaconazole. Fluconazole-resistant isolates of C. albicans are also 
reported. 
 
Participant performance:  

Referee Laboratories with correct ID: 10 
Laboratories with correct ID:   55 
Laboratories with incorrect ID:      0 
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Illustrations:  
 
Figure 9. Candida albicans, glossy and smooth colony on Sabouraud’s dextrose agar, 25°C. 
Candida albicans on corn meal agar with Tween 80 showing pseudohyphae with blastoconidia 
(bar = 25 m).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9A. Scanning electron micrograph illustrating pseudohyphae with blastoconidia of 
Candida albicans. 
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Further reading: 
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Chi HW, Yang YS, Shang ST, Chen KH, Yeh KM, Chang FY, Lin JC. 2011. Candida albicans versus non-albicans 
bloodstream infections: The comparison of risk factors and outcome. J Microbiol Immunol Infect. 44: 369-375. 
 
Donelli G. 2006. Vascular catheter-related infection and sepsis. Surg Infect (Larchmt). 7 Suppl 2:S25-7.  
 
Eraso E, Moragues MD, Villar-Vidal M, Sahand IH, Gonzalez-Gomez N, Ponton J, Quindos G. 2006. Evaluation of 
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Y-5 Candida tropicalis 
 
Source: Stool / Blood / Urine 
 
Clinical significance: Candida tropicalis causes sepsis, wound infections, and disseminated 
infections in immunocompromised patients. 
 
Colony: C. tropicalis colony is smooth to wrinkled, cream-colored and rapid-growing on 
Sabouraud’s dextrose agar after 7 days of incubation at 25°C, (Figure 10). 
 
Microscopy: C. tropicalis shows long true hyphae and pseudohyphae, with either single or small 
clusters of blastoconidia on Corn meal agar with Tween 80 (Figure 10). 
 
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. 
 
Molecular test: Reverse-hybridization line probe assay combined with PCR amplification of 
internal transcribed-spacer (ITS) regions are 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 are 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:      54 
Laboratories with incorrect ID:       1 
 (Candida famata)     (1) 
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Illustrations:  
 
Figure 10. 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 (bar = 50 m). Scanning electron 
micrograph illustrates true and pseudohyphae (with constrictions) and blastoconidia (bar = 2 

m). 
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DIRECT DETECTION (Cryptococcus neoformans ANTIGEN TEST) 
 
Introduction: In early 1960s, a simple, sensitive latex test, capable of detecting the capsular 
polysaccharide of C. neoformans in serum, was described. The test proved superior in sensitivity 
to the India ink mount of CSF from suspected patients. Further 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 as an immunochromatographic test system for the qualitative or semi-quantitative 
detection of the capsular polysaccharide antigens of C. neoformans and C. gattii complex in 
serum and CSF.   
 
Materials: Sixty-seven laboratories participated in the September 25, 2013 direct antigen 
detection test event. Two negative (Cn-Ag-3 and Cn-Ag-5) and three positive serum samples 
(Cn-Ag-1, Cn-Ag-2, and Cn-Ag-4) with the titer of 1:8, 1:512, and 1:256, respectively for 
cryptococcal antigen were included.  
 
Results: The consensus results for specimens Cn-Ag-3 and Cn-Ag-5 were negative as expected. 
There was only one laboratory reported Cn-Ag-5 positive, which was not acceptable. Cn-Ag-2 
and Cn-Ag-4 were reported positive by all the participating laboratories except only one 
laboratory reported Cn-Ag-4 negative. Specimen Cn-Ag-1 was not validated since there was no 
consensus on qualitative results. Of 67 laboratories, 50 reported Cn-Ag-1 specimen to be positive 
with the titer ranged from 1:2 to 1:32, which were all in the acceptable range. Seventeen (25%) 
laboratories reported this specimen to be it negative, which makes the sample invalidated. The 
summary of laboratory performance for semi-quantitative detection of cryptococcal antigen is 
shown in Table 2. It has been reported that cryptococcal antigens are unstable at elevated 
temperatures. Therefore, samples should be processed as quickly as possible or should be stored 
at 4 C prior to processing.  
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Table 2. Summary of laboratory performance for semi-quantitative detection of 
cryptococcal antigen. 

 

   

 

 
  

Method Cn-Ag-1 Titers 
No. laboratories Negative 2 4 5 8 10 16 32 

EIA 3 3        
Latex Agglutination 57 13 9 16  17  1 1 
 Immuno-Mycologics 7 2 1 1  3    

Meridien Diagnostic 42 10 6 14  12    
Remel 8 1 2 1  2  1 1 

Lateral Flow Assay 5 1 1 1 1  1   
Total 65 17 10 17 1 17 1 1 1 

Method Cn-Ag-2 Titers 
No. laboratories 32 64 128 160 200 256 320 512 1024 1280 2048 

EIA 1 1           
Latex Agglutination 56 1 4 12  1 14  19 4  1 
 Immuno-Mycologics 7 1     3  3    

Meridien Diagnostic 41  4 10  1 9  13 3  1 
Remel 8   2   2  3 1   

Lateral Flow Assay 5    2  1 1   1  
Total 62 2 4 12 2 1 15 1 19 4 1 1 

Method Cn-Ag-4 Titers 
No. laboratories 2 16 32 40 64 80 128 160 256 320 512 1024 

EIA 1  1           
Latex Agglutination 55 1  4  18 1 13  13  3 2 
 Immuno-Mycologics 6     1  2  2  1  

Meridien Diagnostic 41   4  14 1 10  9  2 1 
Remel 8 1    3  1  2   1 

Lateral Flow Assay 5    1 1 1  1  1   
Total 61 1 1 4 1 19 2 13 1 13 1 3 2 
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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 of M27-A3, M27-S3, M27-S4, 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 practices in their facilities.  
 
Materials: Candida parapsilosis (S-1) was the analyte in the September 25, 2013 antifungal 
proficiency testing event. The interpretation of MIC values for antifungal susceptibility testing of 
yeasts and molds is in a state of constant change. These changes are necessitated by new 
information emerging from clinical trials and laboratory susceptibility testing. NYSDOH 
Mycology Laboratory uses latest CLSI and EUCAST documents to score proficiency testing 
results. However, the participating laboratories are advised to regularly consult these 
organizations for the latest version of their standard documents.  
 
Comments: Acceptable results were MICs +/-2 dilutions of the reference laboratory results for 
any single drug. Only 2 of the 32 laboratories participating in this test event tested all 10 
antifungal drugs. The reported results were as follows: itraconazole (29 laboratories), 
voriconasole (27 laboratories), flucytosine (25 laboratories), caspofungin (22 laboratories), 
amphotericin B (21 laboratories), micafungin (17 laboratories), anidulafungin (16 laboratories), 
posacoanazole (15 laboratories), and ketocoanzole (5 laboratories). Fluconazole was the only 
drug tested by all 32 laboratories. 
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Table 3. Antifungal MICs (µg/ml) Reported by the Participating Laboratories  

 
S-1: Candida parapsilosis (M2554) 
 

Drug 
 

No. 
labs 

MIC (µg/ml) 
0.008 0.016 0.03 0.06 0.125 0.25 0.5 1 2 4 

Amphotericin B 22      1 19 2   
Anidulafungin 16      1 8 7   
Caspofungin 22     2 14 4 2   

Flucytosine (5-FC) 25   5 17 3      
Fluconazole 31*       3 20 7 1 
Itraconazole 28*   2 8 18      

Ketoconazole 4*   2 1 1      
Micafungin 17       7 10   

Posaconazole 15   6 8 1      
Voriconazole 27 11 11 4  1      

* One laboratory used disk diffusion method. No MIC value was reported. 
Colors represent the testing method used: 
 CLSI microdilution method 
 Vitek II method 
 YeastOne Colorimetric method 
 Both CLSI microdilution and Vitek II methods 
 Both CLSI microdilution and YeastOne Colorimetric methods 
 Both Etest and YeastOne Colorimetric methods 
 Both CLSI microdilution, Etest, and YeastOne Colorimetric methods 
 Both CLSI microdilution, Vitek II, and YeastOne Colorimetric methods 
 
 
 
 
 

Table 4. Antifungal Susceptibility Interpretations Reported by the Participating Laboratories 
 

S-1: Candida parapsilosis (M2554) 
 

 
  

Drug No.  
laboratories 

Susceptible 
 

Susceptible- 
dose dependent 

Intermediate Resistant Non- 
susceptible 

No  
interpretation 

Amphotericin B 21 8     13 
Anidulafungin 16 16      
Caspofungin 22 22      
Flucytosine  25 21     4 
Fluconazole 32 32      
Itraconazole 29 25     4 
Ketoconazole 5 2     3 
Micafungin 17 17      
Posaconazole 15 7     8 
Voriconazole 27 27      
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ANTIFUNGAL SUSCEPTIBILITY TESTING FOR MOLDS 
(EDUCATIONAL) 

 
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 molds. 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 M2040 was used as a test analyte; it was obtained from a 
reference laboratory. Participating laboratories volunteered to perform the test and they were free 
to choose any number of drugs and a test method. Three laboratories used CLSI broth 
microdilution method while the remaining two used TREK YeastOne Colorimetric method.  
 
Comments: Five out of thirty-two laboratories, which hold antifungal susceptibility testing for 
yeasts permit, voluntarily participated in this test event for molds. Please refer to Table 5 for 
summary of performances.  Since too few laboratories have participated in this test, no consensus 
data could be generated.  
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     Table 5. MIC ( g/ml) Values of Mold Antifungal Susceptibility: Aspergillus fumigatus M2040 
 

Drugs (µg/ml) Total # of labs 0.008 0.015 0.03 0.06 0.12 0.25 0.5 1.0 2.0 4.0 8.0 16 32 64 256 
Amphotericin B 5      1 2 1 1       
Anidulafungin 4  3  1            
Caspofungin 4 1 1  2            
Fluconazole 4              2 2 
Itraconazole 4        1   1 2    
Ketoconazole 2            1 1   
Micafungin 4 2 1  1            
Posaconazole 4      1 1 1 1       
Voriconazole 4      2   1       
 Colors represent the testing method used: 
  CLSI microdilution method 
  YeastOne Colorimetric method 
  Both CLSI microdilution and YeastOne Colorimetric methods 
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