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T e s t  Sp c imens  and  Grad ing  Po l i c y

Test Specimens

A minimum of  two strains each of  the proposed mold specimens was examined for inclusion in the profi ciency test event 
of  January 2005. The colony morphology of  these strains was studied on Sabouraud dextrose agar. The microscopic 
morphologic features were examined by potato dextrose agar slide cultures. The physiological characteristics, such as 
cycloheximide sensitivity and growth at higher temperatures, were investigated with the appropriate test media. The single 
strain that best demonstrated the morphologic and physiologic characteristics was used in the test. Similarly, two or more 
strains of  each of  the proposed yeast pathogens were examined for inclusion in the profi ciency test. The colony morphology 
of  all yeast strains was studied on corn meal agar with Tween 80 plates inoculated by Dalmau or streak-cut method. 
Carbohydrate assimilation was studied with the API 20C AUX identifi cation kit. The fermentations of  carbohydrates, i.e., 
glucose, maltose, sucrose, lactose, trehalose, and cellobiose, were also investigated. Additionally, physiologic characteristics, 
such as nitrate assimilation, urease activity, and cycloheximide sensitivity were investigated with the appropriate test media. 
The single strain that best demonstrated the morphologic and physiologic characteristics of  each of  the proposed yeast 
pathogens was used in the test.

Grading Policy

A laboratory’s response for each sample is compared with the response that refl ects 80 percent agreement of  10 referee 
laboratories 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 maximum score for each specimen is 20 based on 
the formula:

# of  correct responses × 100
# of  fungi present + # incorrect responses

Acceptable results for antifungal susceptibility testing are MICs within +/-2 dilutions of  the reference result for a particular 
organism against a single drug. If  a result falls outside of  this range, the laboratory gets a score of  zero for that particular 
test component or set. The current testing format is based on the two drugs amphotericin B and fl uconazole. Five yeasts 
are to be tested against these two drugs. A test component/set involving one yeast against both drugs receives a maximum 
score of  20 (10 for fi rst drug + 10 for second drug). The maximum total score is 5 × 20 = 100. However, a laboratory that 
routinely does not perform tests with either of  the two drugs is scored with the maximum score for a single isolate against 
one drug. Again, for fi ve yeasts isolates, the total will be 20 × 5 = 100.

For Cryptococcus 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. Appropriate responses are determined by participant consensus 
requiring 80% agreement in the test. Qualitative/quantitative results are graded in relation to results given by participants for 
specifi c test kits. When the number of  participants that used a specifi c test kit is less than 6, results are graded considering 
results given for the method used. Target values and acceptable ranges are mean value +/- 2 dilutions or positive or 
negative. When both qualitative and quantitative results are reported ten points will be deducted for each incorrect result. 
When only qualitative or quantitative results are reported twenty points will be deducted from each incorrect result. 

Laboratories failure to attain an overall score of  at least 80% is unsatisfactory performance. Laboratories failing two out of  
three consecutive profi ciency test events for the permit category will fail the profi ciency testing program for the category. 

*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.
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A nsw er  Key

Mycology – General
Specimen Key

M-1 Aspergillus nidulans

M-2 Microsporum canis
M-3 Trichophyton tonsurans
M-4 Aspergillus fumigatus
M-5 Aspergillus fl avus

Mycology – Yeast Only
Specimen Key

Y-1 Candida tropicalis
Y-2 Candida glabrata
Y-3 Saccharomyces cerevisiae
Y-4 Candida albicans
Y-5 Candida krusei

Validated Specimen

Aspergillus nidulans

Microsporum canis
Trichophyton tonsurans
Aspergillus fumigatus

Aspergillus fl avus

Validated Specimen

Candida tropicalis
Candida glabrata

Saccharomyces cerevisiae
Candida albicans
Candida krusei

Other Acceptable Answers

Aspergillus nidulans gr.
Emericella nidulans

Aspergillus fumigatus gr.
Aspergillus fl avus gr.

Other Acceptable Answers
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Mycology – Antifungal Susceptibility Testing for Yeasts

Specimen Key

S-1 Candida albicans ATCC 24433
S-2 Candida albicans ATCC 90028
S-3 C. parapsilosis ATCC 22019 
S-4 Candida krusei ATCC 6258
S-5 Candida tropicalis ATCC 750

Reference range (μg/ml)

Amphotericin B     Fluconazole
0.25 – 1.0      0.25 – 1.0
0.5 – 2.0                 0.25 – 1.0
0.25 – 1.0                2.0 – 8.0
0.5 – 2.0                16.0 – 64.0 
0.5 – 2.0                 1.0 – 4.0 

Validated range (μg/ml)

Amphotericin B     Fluconazole
0.12 – 2.0                0.12 – 2.0
0.25 – 4.0                0.12 – 2.0 
0.12 – 2.0                1.0 – 16.0 
0.25 – 4.0                8.0 –> 64.0 
0.25 – 4.0                0.5 – 8.0 

Specimen Key

Cn-Ag-1 Negative
Cn-Ag-2 Positive (1:64)
Cn-Ag-3 Negative
Cn-Ag-4 Negative
Cn-Ag-5 Positive (1:8)

Validated Specimen

Negative
Positive (1:64)
Negative
Negative
Positive (1:8)

Other Acceptable Titer Range

1:16 - 1:256

1:2 - 1:32

Mycology – Direct detection (Cryptococcus Antigen Test)
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L abora t o r y  Re su l t s
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M-1 Aspergillus nidulans
M-2 Microsporum canis
M-3 Trichophyton tonsurans
M-4 Aspergillus fumigatus
M-5 Aspergillus fl avus

Y-1 Candida tropicalis
Y-2 Candida glabrata
Y-3 Saccharomyces cerevisiae
Y-4 Candida albicans
Y-5 Candida krusei

S- 1 Candida albicans ATCC 24433
S- 2 Candida albicans ATCC 90028
S- 3 Candida parapsilosis ATCC 22019 
S- 4 Candida krusei ATCC 6258
S- 5 Candida tropicalis ATCC 750

Cn-Ag-1 Negative 
Cn-Ag-2 Positive (1:64)
Cn-Ag-3 Negative
Cn-Ag-4 Negative
Cn-Ag-5 Positive (1:8)

Correct Responses/
Total # Laboratories (%)

79/82 (96%)
76/82 (93%)
70/82 (85%)
80/82 (98%)
81/82 (99%)

Correct Responses/
Total # Laboratories (%)

60/60 (100)
59/60 (98)
59/60 (98)
59/60 (98)
59/60 (98)

Amphotericin B

21/21 (100) 
21/21 (100) 
21/21 (100) 
21/21 (100) 
21/21 (100)

Qualitative

84/84 (100)
84/84 (100)
84/84 (100)
83/84 (99)
84/84 (100)

Referees (%)

10/10 (100)
10/10 (100)
10/10 (100)
10/10 (100)
10/10 (100)

Referees (%)

10/10 (100)
10/10 (100)
10/10 (100)
10/10 (100)
10/10 (100)

Fluconazole

24/25 (96) 
25/25 (100) 
25/25 (100)
25/25 (100) 
24/25 (96)

Quantitative

NA
68/73 (93)
NA
NA
72/73 (99)

Correct Responses/Total # Laboratories (%)

Correct Responses/Total # Laboratories (%)

Mycology - General

Mycology - Yeast Only

Mycology - Antifungal Susceptibility Testing for Yeasts

Mycology - Direct detection (Cryptococcus Antigen Test)
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M-5  A spergillus fl avus                                 

Source: Bronchial wash
Scoring:                No. Labs
 Referee Labs with correct ID:      10
 Labs with correct ID:       81
 Labs with incorrect ID:                     
   Aspergillus species       1

Clinical Signifi cance: Aspergillus fl avus causes pulmonary and disseminated infection 
in immunocompromised patients. It is the second most common species causing 
aspergillosis. Occasionally, this fungus can cause infection of  sinus, eye, ear and nails. 
Aspergillus fl avus produces afl a toxins in certain foodstuff  like peanuts that can cause 
mycotoxicosis.

Pathogenicity: Aspergillus fl avus is angioinvasive, producing exten sive damage to 
blood vessels, leading to infarction and necrosis.

Ecology: It is found worldwide on plants and organic materials. 

Laboratory Diagnosis: 
1. Culture – At 250 C, colonies on Sabouraud’s dextrose agar are yellow – green with 
pale yellow reverse, powdery and rapidly growing in 2 –3 days (Fig. 9). 
2. Microscopic morphology – Lactophenol cotton blue or Calcofl uor mount shows 
septate hyphae with roughened, colorless conidiophores. Conidiophores end in 
vesicle, which is globose and the entire surface is covered (radiating) with one series 
or two series of  sterigmata (uni or biseriate). Conidia measuring 3 – 6 μm, produced 
from these sterigmata are round, rough walled and in chains (Fig. 10). 
3. Differentiation from other Aspergilli – Aspergillus fl avus is differentiated from other 
Aspergilli by yellow – green colonies, rough walled conidiophores, radiating conidial 
heads with uniseriate or biseriate sterigmata. 
4. Molecular tests – A PCR based amplifi cation of  gene fragments – encoding 
alkaline proteases from Aspergillus fumigatus and Aspergillus fl avus was used to detect 
these organisms in respiratory specimens (7). For molecular epidemiology, RAPD 
fi ngerprinting method has been used (1). Farber et al used a PCR based reaction to 
detect afl atoxigenic Aspergillus fl avus strains in fi gs (2). 
5. In vitro susceptibility testing – Susceptibility testing results of  clinical isolates of  
Aspergillus fl avus show variable susceptibility to amphotericin B and to itraconazole.

Comments: 
All labs correctly identifi ed this important pathogen, except one lab that reported 
this organism as Aspergillus species. It is necessary to speciate this organism, as it is an 
important pathogen in causing Aspergillosis.

Further reading: 
1. Diaz – Guerra TM, Mellado 
E, Cuenca – Estrella M, 
Gaztelurrutia L, Navarro JI, 
Tudela JL. 2000. Genetic similarity 
among one Aspergillus fl avus 
strain isolated from a patient who 
underwent heart surgery and two 
environmental strains obtained 
from the operating room. J Clin 
Microbiol. 38 (6): 2419 – 2422. 

2. Farber P, Geisen R, Holzapfel 
WH.  1997. Detection of 
afl atoxinogenic fungi in fi gs by 
a PCR reaction. International J 
of Food Microbiol. 36 (2-3): 215 
– 220. 

3. Gokahmetoglu S, Koc 
AN, Patiroglu T. 2000. Fatal 
Aspergillus fl avus pericarditis in 
a patient with acute myeblastic 
leukaemia. Mycoses. 43 (1-2): 65 
–66. 

4. Leenders A, van Belkum A, 
Janssen S, de Marie S, Kluytmans 
J, 
Wielenga J, Lowenberg B, 
Verbrugh H.  1996. Molecular 
epidemiology of apparent outbreak 
of invasive aspergillosis in a 
hematology ward. J Clin Microbiol. 
34(2): 345 –351. 

5. Mori T, matsumura M, Yamada 
K, Irie S, Oshimi K, Suda K, 
Oguri T, 
Ichinoe M.  1998. Systemic 
aspergillosis caused by an afl atixin 
– producing strain of Aspergillus 
fl avus. Medical Mycology. 36 (2): 
107 –112. 

6. Sridhar MS, Garg P, Bansal AK, 
Gopinathan U.  2000. Aspergillus 
fl avus keratitis after laser in 
situ keratomileusis. Am J of 
Ophthalmology. 129 (6): 802 – 804.

7. Tang CM, Holden DW, 
Aufauvre – Brown A, Cohen J. 
1993. The detection of Aspergillus 
sp. by the polymerase chain 
reaction and its evaluation in 
bronchoalveolar lavage fl uid. Am 
Review of Respiratory Dis. 148 (5): 
1313 –1317.
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Y-1 C andida tropicalis                                

Source: Sputum
Scoring:                No. Labs
 Referee Labs with correct ID:      10
 Labs with correct ID:       60
 Labs with incorrect ID:         0
 

Clinical Signifi cance: A frequent casual agent of  sepsis, wound infections, and 
disseminated infections in immunocompromised patients.

Ecology: Cosmopolitan, found in water and in alimentary tract of  lower mammals, 
and in humans.

Laboratory Diagnosis:
1. Culture – At 250 C, on Sabouraud’s dextrose agar colonies are smooth- to 
wrinkled, cream-colored, rapid growing (Fig. 11).
2. Microscopic morphology – On cornmeal agar with Tween 80, shows long true 
hyphae and pseudohyphae, with either single or small clusters of  blastoconidia (Fig. 
12).
3. Differentiation from other yeasts – 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 
can produce chlamydospores on cornmeal agar.
4. Molecular tests – Martin and coworkers (6) used reverse-hybridization line probe 
assay combined with PCR amplifi cation of  internal transcribed-spacer (ITS) regions 
for rapid identifi cation of  clinically signifi cant fungal pathogens including C. tropicalis. 
The combination of  pan-fungal PCR and multiplex liquid hybridization of  ITS 
regions was developed for detection and identifi cation of  fungi in tissue specimens 
(1).
5. In vitro susceptibility testing – Few strains of  C. tropicalis has been reported with 
high amphotericin B MIC (3). C. tropicalis is generally susceptible to azoles, but 
variably susceptible to fl ucytosine (2).

Further Reading:

1. Hendolin, P. H., L. Paulin, 
P. Koukila- Kahkola, V. J. 
Anttila, H. Malmberg, M.
Richardson, and J. Ylikoski. 
2000. Panfungal PCR and 
multiplex liquid hybridization 
for detection of  fungi in tissue 
specimens. J Clin Microbiol. 
38(11): 4186-92.

2. Dawson Nl, Robles HA, 
Alvarez S. 2005. Recurrent 
Candida tropicalis meningitis. 
Clinical Neurology & 
Neurosurgery. 107: 243 – 245.

3. Jandourek, A., P. Brown, 
and J. A. Vazquez. 1999. 
Community-acquired fungemia 
due to a multiple-azole-resistant 
strain of  Candida tropicalis. Clin 
Infect Dis. 29(6): 1583-4.

4. Ren P, Sridhar S, 
Chaturvedi V. 2004. Use of  
paraffi n-embedded tissue for 
identifi cation of  Saccharomyces 
cerevisiae in a baler’s lung 
nodule by fungal PCR and 
nucleotide sequencing. J Clin 
Microbiol. 42 (6): 2840 – 2842.

5. Makhoul, I. R., I. Kassis, 
T. Smolkin, A. Tamir, and P. 
Sujov. 2001. Review of  49
neonates with acquired fungal 
sepsis: further characterization. 
Pediatrics. 107(1): 61-6.

6. Martin, C., D. Roberts, M. 
van Der Weide, R. Rossau, 
G. Jannes, T. Smith, and M. 
Maher. 2000. Development of  
a PCR-based line probe assay 
for identifi cation of  fungal 
pathogens. J Clin Microbiol. 
38(10): 3735- 42.
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Y-2 C andida glabrata                              

Source: Urine
Scoring:                No. Labs
 Referee Labs with correct ID:      10
 Labs with correct ID:       59
 Labs with incorrect ID:         
   Candida norvegenesis       1
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Clinical Signifi cance: Urinary tract infections and vaginitis are the other most 
common infections caused by C. glabrata. Incidence of  candidiasis caused by Candida 
glabrata has increased in immunosuppressed patients due to more intensive anticancer 
chemotherapy, marrow, and organ transplantation, etc. 

Ecology: Humans, lower mammals, and birds are the carriers of  C. glabrata.

Laboratory Diagnosis:
1. Culture – On Sabouraud’s dextrose agar at 25°C for 3 to 5 days, colony is white to 
cream, smooth and soft, shiny (Figure 13).
2. Microscopic morphology – On corn meal agar with Tween 80, C. glabrata 
blastoconidia are tiny, round or elliptical shaped (Figure 14).
3. Differentiation from other yeasts – 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.
4. In vitro susceptibility testing – C. glabrata is susceptible to amphotericin B and 5FC 
but resistant to azoles like fl uconazole and itraconazole.
5. Molecular tests – PCR amplifi cation of  a mitochondrial rRNA gene fragment, 
which is species specifi c, was developed to identify C. glabrata. Diversity of  
karyotype by pulse-fi eld gel electrophoresis was used to confi rm C. glabrata infection. 
Comparative sequence analysis of  cytochrome oxidase gene has been reported for 
typing of  
C. glabrata.

Comments: One lab reported this organism as Candida norvegensis. C. norvegensis 
produces pseudohyphae on cornmeal agar, and does not ferment trehalose.

Further Reading:
1. Becker, K., Badehorn, 
D., Keller, B., Schulte, M., 
Bohm, K.H., Peters, G., and 
Fegeler,W.  2001. Isolation and 
characterization of  a species-
specifi c DNA fragment for 
identifi cation of  Candida (Torulopsis) 
glabrata by PCR. J.Clin. Microbiol. 
39: 3356-3359.

2. Fairchild, K.D., Tomkoria, 
S., Sharp, E.C., and Mena, F.V.  
2002. Neonatal Candida glabrata 
sepsis: clinical and laboratory 
features compared with other 
Candida species. Pediatr. Infect.Dis. 
21: 39-43. 

3. Fodor, E., Dosa, E., Nagy, 
A., Nagy, E., and Ferenczy, 
L.  2002. Karyotyping of  Candida 
albicans and Candida glabrata isolates 
from recurrent vaginal infections 
by pulsed-fi eld gel electrophoresis. 
Acta. Microbiol. Immunol. Hung. 
49: 59-68.

4. Kullberg, B.J. and 
Oude Lashof, A.M.  2002. 
Epidemiology of  opportunistic 
invasive mycoses. Eur. J. Med. Res. 
31: 183-191.

5. Pfaller, M.A., Diekema, D.J., 
Jones, R.N., Sader, H.S., Fluit, 
A.C., Hollis, R.J., Messer, S.A., 
and the SENTRY Participant 
group. 2001. International 
surveillance of  bloodstream 
infections due to Candida species: 
frequency of  occurrence and in 
vitro susceptibilities to fl uconazole, 
ravuconazole, and voriconazole 
of  isolates collected from 1997 
through 1999 in the SENTRY 
antimicrobial surveillance program. 
J Clin Microbiol. 39: 3254-3259.

6. Safdar, A., Rhee, van F., 
Henslee-Downey, J.P., Singhal, 
S., and Mehta, J.  2001. Candida 
glabrata and Candida krusei fungemia 
after high-risk allogeneic marrow 
transplantation: no adverse 
effect of  low-dose fl uconazole 
prophylaxis on incidence 
and outcome. Bone Marrow 
Transplant. 28: 873- 878.

7. Sanson, G.F., and Briones, 
M.R.  2000. Typing of  Candida 
glabrata in clinical isolates by 
comparative sequence analysis 
of  the cytochrome coxidase 
subunit 2 gene distinguishes two 
clusters of  strains associated 
with geographical sequence 
polymorphisms. J Clin Microbiol. 
38: 227-235.
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Y-3 S accharomyces cerevisiae                                

Source: Skin
Scoring:                No. Labs
 Referee Labs with correct ID:      10
 Labs with correct ID:       59
 Labs with incorrect ID:         
   Pichia ohmeri       1
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Clinical Signifi cance: Saccharomyces cerevisiae causes disseminated infec tion in 
immunocompromised hosts.

Epidemiology: It is cosmopolitan in distribution.

Laboratory Diagnosis: 
1. Culture – At 250 C, colonies on Sabouraud’s dextrose agar are cream, smooth, dull 
butyrous in 3 –5 days (Fig. 15). 
2. Microscopic morphology – On corn meal agar with Tween – 80, round to oval 
yeast cells with no pseudohyphae or rudimentary pseudohyphae (Fig. 16).  On special 
media like V – 8 agar or malt agar, characteristic ascospores encased in asci are seen. 
3. Differentiation from other yeasts - Saccharomyces cerevisiae ferments glucose, maltose 
and sucrose, does not grow on the media containing cycloheximide, and grows at 370 

C.  On the API 20C AUX, a specifi c assimilation biocode is obtained to identify this 
organism. 
4. Molecular tests - Saccharomyces cerevisiae is the most intensely studied model 
organism also being the fi rst eukaryote to have its entire genome sequenced and 
mapped. 
5. In vitro susceptibility testing –Most isolates are susceptible to amphotericin B, 5 
FC, and to azoles like fl uconazole, miconazole, etc.

Comments: 
One lab that reported this organism as Pichia ohmeri.  P. ohmeri ferments glucose and 
sucrose, produces elaborate pseudohyphae, while S. cerevisiae ferments glucose, maltose, 
and sucrose, produces short pseudohyphae.

Further Reading: 
1.  Barchiesi F, Arzeni D, 
Compagnucci P, Di Francesco 
LF, Giacometti A, Scalise G. 1998. 
In vitro activity of fi ve antifungal 
agents against clinical isolates of 
Saccharomyces cerevisiae. Medical 
Mycology. 36(6): 437 – 440. 

2.  Fiore NF, Conway JH, West KW, 
Kleiman MB. 1998. Saccharomyces 
cerevisiae infections in children. 
Pediatric Infectious Disease J. 17(12): 
1177 –1179. 

3. Konecny P, Drummond 
FM, Tish KN, Tapsall JW. 
1999. Saccharomyces cerevisiae 
oesophagitis in an HIV – Infected 
patient. International J STD & AIDS. 
10 (12): 821 –822. 

4. Ren P, Sridhar S, Chaturvedi 
V.  2004.  Use of  paraffi n-embedded 
tissue for identifi cation of  Saccharomyces 
cerevisiae in a baker’s lung nodule by 
fungal PCR and nucleotide sequencing. 
J Clin Microbiol. 42 (6): 2840 -
2842.
 

5. Posteraro B, Sanguinetti M, 
Masucci L, Romano L, Morace 
G, Fadda G.  2000. Reverse cross 
blot hybridization assay for rapid 
detection of PCR – amplifi ed DNA 
from Candida species, Cryptococcus 
neoformans, and Saccharomyces 
cerevisiae in clinical samples. J Clin 
Microbial. 38(4): 1609 – 1614. 

6. Ramani R, Gromadzki S, Pincus 
DH, Salkin IF, Chaturvedi V. 1998. 
Effi cacy of API 20C and ID 32C 
systems for identifi cation of common 
and rare clinical yeast isolates. J Clin 
Microbiol. 36(11): 3396 – 3398. 

7. Xu J, Boyd CM, Livingston E, 
Meyer W, Madden JF, Mitchell TG. 

1999. 
Species and genotypic diversities 
and similarities of pathogenic yeasts 
colonizing women. J Clin Microbiol. 

37(12): 3835 – 3843. 
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Y-4 C andida albicans                                

Source: Bronchial lavage
Scoring:                No. Labs
 Referee Labs with correct ID:      10
 Labs with correct ID:       59
 Labs with incorrect ID: 
   Candida dubliniensis      1        
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Clinical Signifi cance: Candida albicans is the most common cause of  candidiasis. It is 
ubiquitous in humans, who probably encounter initial infection during passage through 
the birth canal. The infection is generally seen in immunocompromised patients.

Ecology: C. albicans is found as a commensal on humans and a number of  other 
mammals. Also found on leaves, fl owers, water, and soil.

Laboratory Diagnosis:
1. Culture – On Sabouraud’s dextrose agar at 25°C for 3 to 5 days, colonies are white to 
cream, glossy, smooth and soft (Figure 17).
2. Microscopic morphology – On cornmeal agar with Tween 80, round blastoconidia 
bunched together with pseudohyphae are easily seen. Thick walled, mostly terminal 
chlamydospores are prominent (Figure 18).
3. Differentiation from other yeasts – On morphology, C. albicans is diffi cult to 
distinguish from C. dubliniensis and C. stellatoidea. However, C. albicans grow well 
at 42°C, but C. dubliniensis grows poorly or not at all at 42°C. C. albicans is able to 
assimilate sucrose, but not C. stellatoidea. C. albicans has the positive germ tube test and 
chlamydospores which are the important characteristics to differentiate it from C. 
tropicalis. C. albicans ferments glucose and maltose and grows on the media containing 
cycloheximide. It gives negative reactions with urease and nitrate.
4. In vitro susceptibility testing – Both fl uconazole-resistant and -sensitive isolates of  C. 
albicans are reported.
5. Molecular tests – Many molecular tests are available for identifi cation of  C. albicans 
such as PCR fi ngerprinting, random amplifi ed polymorphic DNA
(RAPD), restriction fragment length polymorphisms (RFLP), etc. Combination of  
RFLP generated by different restriction digestion of  the PCR products of  the
V3 region of  the 25S rDNA gene (rDNA) or from ITS were reported to be able to 
differentiate Candida albicans subgroups, C. dubliniensis and C. stellatoidea.

Comments:  The prominent difference between C. albicans and C. dubliniensis is that C. 
albicans grows well at 42°C and up to 45°C, but C. dubliniensis grows poorly or not at all 
at 42°C.  One lab that reported this isolate as Candida dubliniensis knew this difference 
and indeed, performed the growth tests at 42°C. Unfortunately, their test somehow 
yielded false negative results. Most recent report by Kim et al. (2002) found that only C. 
albicans could generate germ tubes in YPD at 39°C but not other Candida species. This 
result might also be another approach one can apply for the identifi cation of  C. albicans 
in clinical laboratories as long as this feature is consistently seen in clinical isolates.
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1.  Bartie, K.L., Williams, D.W.,Wilson, 
M.J., Potts, A.J., and Lewis, M.A.  2001. 
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Microbiol. 39: 4066-4075.

2. Jain, P., Khan, Z.K., Bhattacharya, 
E., and Ranade, S.A.  2001. Variation 
in random amplifi ed polymorphic DNA 
(RAPD) profi les specifi c to fl uconazole- 
resistant and –sensitive strains of  Candida 
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113-119.

3. Kim, D., Shin, W.-S., Lee, K.-H., 
Kim, K., and Park, J.Y.  2002. Rapid 
differentiation of  Candida albicans from 
other Candida species using its unique germ 
tube formation at 390 C. Yeast 19: 957-962.

4. Krcmery, V., Huttova, M., Mateicka, 
F., Laho, L., Jurga, L., Ondrusova, A., 
Tarekova, Z., Kralinsky, K., Hanzen, 
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McNeil, M.M., and Reiss, E.  2001. 
Molecular epidemiology of  Candida albicans 
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HIV-positive patients at successive clinic 
visits. Med. Mycol. 39: 341-352.

6. McCullough, M.J., Clemons, K.V., 
and Stevens, D.A.  1999. Molecular and 
phenotypic characterization of  genotypic 
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with Candida dubliniensis and Candida 
stellatoidea.  J Clin Microbiol. 37: 417-421.

7. Petrikkos, G., Skiada, A., Sabatakou, 
H., Antoniadou, A., Dosios, T., and 
Giamarellou, H.  2001. Case report. 
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and Inoue, J.  2001. Occurrences of  
candidiasis in a Fisher’s lovebird and a 
budgerigar. J Vet Med Sci. 63: 939-941.
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Y., Yacawa, K., and Nishimura, K.  
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Y-5 C andida krusei                               

Source: Catheter
Scoring:                No. Labs
 Referee Labs with correct ID:      10
 Labs with correct ID:       59
 Labs with incorrect ID:         
   Candida zeylanoides      1
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Clinical Signifi cance: Candida krusei is a frequent causal agent of  nosocomial 
fungemia in immunosuppressed patients. It also causes disseminated disease 
including endocarditis, peritonitis, vaginitis, urinary tract infections, and sinusitis.

Ecology: C. krusei is cosmopolitan, found in air, on human and dairy products.

Laboratory Diagnosis:
1. Culture – On Sabouraud’s dextrose agar, after7 days at 25°C, C. krusei colony was 
dry but soft, cream to buff, glassy and wrinkled (Figure 19).
2. Microscopic morphology – On corn meal agar with Tween 80 C. krusei showed 
branched pseudohyphae with elongated blastoconidia (Figure 20).
3. Differentiation from other yeasts – C. krusei ferments glucose, but not sucrose or 
cellobiose, and does not grow on the media containing cycloheximide. It does not 
assimilate sucrose, differentiating it from C. parapsilosis and C. lusitaniae. It grows well 
at 42°C, differentiating it from C. lambica. It does not produce arthroconidia, thus 
differentiating it from Blastoschizomyces capitatus.
4. In vitro susceptibility testing – Clinical isolates are susceptible to amphotericin B 
and fl ucytosine. C. krusei is innately resistant to fl uconazole and variably resistant to 
other azoles such as itraconazole and ketoconazole.
5. Molecular tests – DNA probes have been designed from the ITS regions and were 
incorporated into a reverse hybridization line probe assay for the detection of  ITS 
PCR products for identifi cation 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 
fi ngerprinting and electrophoretic karyotyping of  oral C. krusei isolates.

Comments: All the participating laboratories except one correctly identifi ed this 
specimen. Candida zeylanoides was reported by one participating lab. C. krusei grows 
well at 420 C, while C. zeylanoides does not grow at 420 C.
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2. Cresti, S., Posteraro, B., 
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polymorphism of ribosomal DNA 
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Introduction: Document M27-A2 published by the National Committee for Clinical 
Laboratory Standards (NCCLS) Subcommittee on Antifungal Susceptibility Testing 
is the current standard reference guide for determining the antifungal susceptibility 
testing of  pathogenic yeasts. It includes two methods, broth microdilution and broth 
macrodilution. Various commercial systems are also available on FDA approved 
devices for antifungal susceptibility testing of  yeasts, such as Sensititre YeastOne 
Colorimetric Panel and Etest. The disk diffusion testing method approved by 
NCCLS (M44-A) is another good method for antifungal susceptibility testing of  
yeast, where the results could be read after 24 hr incubation rather than after 48 hr.

Materials & Methods: Twenty-four microbiology laboratories within the United 
States and one reference laboratory each from Canada and United Kingdom 
participated in this event. Two NCCLS quality control strains, Candida parapsilosis 
ATCC 22019 (S-3) and Candida krusei ATCC 6258 (S-2), three NCCLS reference 
strains, Candida albicans ATCC 90028 (S-2), ATCC 24433 (S-1), and Candida tropicalis 
ATCC 750 (S-5) were included in the January 26, 2005 antifungal profi ciency testing 
event. These isolates have been well characterized, and their MIC ranges against 
amphotericin B and fl uconazole have been published. MICs within ± 2 dilutions of  
the reference result (range of  MICs for a particular yeast described in NCCLS, M27-
A2) are the acceptable results in this event.

Results: A total of  26 laboratories participated in this antifungal susceptibility 
testing event. The performances of  all 26 laboratories were satisfactory. Of  the 26 
participating laboratories, 8 laboratories used the broth microdilution method, 14 
laboratories used YeastOne Colorimetric microdilution method, and 3 laboratories 
used Etest and 1 laboratory used disk diffusion method. The supplementary 
information on antifungal susceptibility testing procedures is summarized in Table 1. 
The MIC results submitted by the 26 participants are illustrated in Figure 21. Good 
performance was noted for all specimens irrespective of  the methodology used by 
the laboratories for both amphotericin B and fl uconazole. Overall, agreement with 
the NCCLS reference ranges was 100% against amphotericin B and 98% against 
fl uconazole for all isolates.
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S-1 Candida albicans ATCC 24433
Summary    NCCLS Reference Range Expanded Range
Amphotericin B   0.25-1.0 μg/ml   0.12-2.0 μg/ml
Fluconazole    0.25-1.0 μg/ml   0.12-2.0 μg/ml
Amphotericin B values were reported within NCCLS reference range by all laboratories. 
Fluconazole values were reported within NCCLS reference range by 25 participating 
laboratories, and within the expanded values by 1 laboratory.

S-2 Candida albicans ATCC 90028
Summary    NCCLS Reference range Expanded range
Amphotericin B   0.5-2.0 μg/ml   0.25-4.0 μg/ml
Fluconazole    0.25-1.0 μg/ml   0.12-2.0 μg/ml
Amphotericin B values were reported within NCCLS reference range by all participating 
laboratories. Fluconazole values were reported within NCCLS reference range by 25 
laboratories.

S-3 Candida parapsilosis ATCC 22019
Summary    NCCLS Reference range Expanded Range
Amphotericin B   0.25-1.0 μg/ml   0.12-2.0 μg/ml
Fluconazole    2.0-8.0 μg/ml   1.0-16.0 μg/ml
Amphotericin B values were reported within NCCLS reference range all participating 
laboratories. Fluconazole values were reported within NCCLS reference range by all 
laboratories.

S-4 Candida krusei ATCC 6258
Summary    NCCLS Reference range Expanded Range
Amphotericin B   0.5-2.0 μg/ml   0.25-4.0 μg ml 
Fluconazole               16.0-64.0 μg/ml   8.0->64.0 μg/ml
Amphotericin B values were reported within NCCLS reference range all participating 
laboratories. Fluconazole values were reported within NCCLS reference range by all 
laboratories.

S-5 Candida tropicalis ATCC 750
Summary    NCCLS Reference range Expanded range
Amphotericin B   0.5-2.0 μg/ml   0.25-4.0 μg/ml
Fluconazole    1.0-4.0 μg/ml   0.5-8.0 μg/ml
Amphotericin B values were reported within NCCLS reference range all participating 
laboratories. Fluconazole values were reported within NCCLS reference range by 25 
laboratories. The MIC value higher than the expended range was reported by 1 laboratory.
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Test Method*      No. Participant Laboratories
 NCCLS broth microdilution               8
 NCCLS broth macrodilution               0
 Sensititre YeastOne Colorimetric                     14
 Etest                  3
 Disk diffusion                 1

Medium employed*
 RPMI 1640                            14
 RPMI 1640 w / alamar blue               2
 Antibiotic medium 3                1
 Sabouraud dextrose                 4
 YeastOne broth                           7
 Mueller-Hinton Agar + 2% glucose + 0.5 g/ml Methylene Blue           1

Inoculum preparation*
 Spectrophotometric                9
 MacFarland                19

Inoculum size (CFU/ml)
 0.5-2.5 × 103                  9
 1.5-8 × 103                12
 0.5-1.0 × 104                  3
 2.5 × 106                  1
 MacFarland 0.5                            2

Incubation temperature*
 35°C                 24
 37°C                   3

Incubation duration*
 24 hr                 18
 48 hr                 11

Endpoint reading*
 Visual                 16
 Colorimetric                12
 Spectrophotometric                 1
 Biomlic                               1

Scoring endpoint1*
 100% inhibition                             12
 95% inhibition                               1
 80% inhibition                               5
 50% inhibition                               4
 Color change                  11
 Prominent decrease                  1

QC organism
 NCCLS recommended strains                           27
 Unknown                  0
1Most laboratories used 100% inhibition for amphotericin B and either 50% or 80% inhibition 
for fl uconazole.
* More than one value reported by individual laboratories
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Figure 21. Summary of the results submitted by the participating laboratories for 5 isolates, for 
amphotericin B (A) and fluconazole (B).

A

0

5

10

15

20

25

C. a
lbica

ns (
S-1)

C. a
lbica

ns (
S-2)

C. p
ara

psil
osis

 (S
-3)

C. k
ru

se
i (S

-4)

C. tr
opica

lis
 (S

-5)

N
o.

 o
f L

ab
s Within NCCLS

reference range
Within the
expanded range
Out of range

B

0
5

10
15
20
25

C. a
lbica

ns (
S-1)

C. a
lbica

ns (
S-2)

C. p
ara

psil
osis

 (S
-3)

C. k
ru

se
i (S

-4)

C. tr
opica

lis
 (S

-5)

N
o.

 o
f L

ab
s

Within NCCLS
reference
range
Within the
expanded
range
Out of range



C r i t i q u e  -  J a n u a r y  2 0 0 5

M ycology – Direct detection (Cryptococcus neoformans Antigen Test)

Introduction: A simple, sensitive latex test capable of  detecting the capsular 
polysaccharide of  C. neoformans in CSF and serum was described, and proven to 
be superior in sensitivity to the India ink mount (1, 2). Clinical studies established 
the prognostic value of  the test (3, 5, 6 and 7), and showed it to be a valuable aid 
in establishing a diagnosis when culture was negative (4). Paired serum and CSF 
specimens allowed detection of  antigen in confi rmed cases (7). Parallel serologic 
studies for both antigen and antibody are recommended to ensure detection of  
extrameningeal cryptococcosis. Newly emerging disease states and therapies have 
been shown to increase the opportunity for nonspecifi c interference in some serum 
specimens. Pretreatment of  serum specimens with pronase prior to utilization of  the 
latex agglutination test reduces nonspecifi c interference and enhances the detection of  
capsular polysaccharide antigens of  Cryptococcus neoformans.

Materials & Methods: Eighty-fi ve laboratories within United States participated in this 
event.  Two positive serums for Cryptococcal antigen were included in the November 3, 
2004 direct detection antigen testing event. One of  these serums was of  low titer (1:8) 
and the other was of  high titer (1:64). Titers within ± 2 dilutions of  the reference result 
are the acceptable results in this event.

Results: A total of  85 laboratories participated in this Cryptococcus neoformans Antigen 
Test. The performances of  all 85 laboratories were satisfactory. Of  the 85 participating 
laboratories, 74 laboratories used latex agglutination method, 3 laboratories used EIA 
method, and 8 laboratories did not specify the test method they use. The supplementary 
information on qualitative and quantitative assays on Cryptococcus neoformans antigen 
test are summarized in Table 2 and 3. Good performance was noted for all specimens 
irrespective of  the methodology used by the laboratories. 
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T ables

Table 2. Summary of qualitative assay 

Method Sample Cn-Ag-1 Cn-Ag-2 Cn-Ag-3 Cn-Ag-4 Cn-Ag-5 
(Manufacture) Total Number 

of labs 
N/P* N/P N/P N/P N/P 

       
EIA (Meridien Diagn.) 2 2/0 0/2 2/0 2/0 0/2 
       
Latex Agglutination 77 77/0 0/77 77/0 76/1 0/77 

(Meridien Diagn.) 37 37/0 0/37 37/0 37/0 0/37 
(Murex) 20 20/0 0/20 20/0 20/1 0/20 
(Wampole) 15 15/0 0/15 15/0 15/0 0/15 

 (Immuno-Mycologics) 5 5/0 0/5 5/0 5/0 0/5 
        

Not specified 8 8/0 0/8 8/0 8/0 0/8 
        

          * N/P: number of laboratories reported Negative vs. number of laboratories reported Positive 

Table 3. Summary of quantitative assay 

The number of laboratories that reported titers is listed for positive test samples Cn-Ag-2 and Cn-Ag-5.

Method Sample Cn-Ag-2 Cn-Ag-5 
(Manufacture)  Titers Titers 

  Total # 
of labs 

2 4 8 16 32 64 128 256 512 2 4 8 16 32 64 128 Other 

EIA (Meridien Diagn.) 2     2       2      
                   
Latex Agglutination                   

(Meridien Diagn.) 32    7 5 15 5   4 7 12 7 1 1   
                    

(Murex) 19  1 1 6 7 4    6 7 5     1 
                    

(Wampole) 11     3 4 2 1 1  2 6 1 2    
                  

(Immuno-Mycologics) 1   1         1      
                  

Not specified 8   2 3 2 1    1 6 1      
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M-1 A spergillus nidulans

Left one-day-old colony of  Aspergillus nidulans on Sabouraud’s 
dextrose agar. Right, a close up of  the colony showing powdery 
texture with dark green center and purplish peripheral pigment. 

Microscopic morphology of  Aspergillus nidulans showing subglobose vesicle 
with biseriate, columnar head, cleistothecia with ascus and ascospores, and 
hulle cells (left, 400 X magnifi cation; right, line drawing not to scale).

Figure 1

Figure 2
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M-2 M icrosporum canis

Four-day-old, yellowish white, 
wooly colony of  Microsporum canis 
on Sabouraud’s dextrose agar.

Microscopic morphology of  Microsporum canis. The fusoid, thick-
walled macroconidia with curved apex and a few microconidia are 
seen (left; 200X magnifi cation, right; line diagram not to scale).

Figure 3

Figure 4
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M-3 T richophyton tonsurans

Seven-day-old, white to pale yellow colony 
of  Trichophyton tonsurans on Sabouraud’s 
dextrose agar. 

Microscopic morphology of  Trichophyton tonsurans showing plenty of  teardrop, clubshaped, 
or balloon shaped microconidia (left; 400× magnifi cation, right; line drawing not to scale).

Figure 5

Figure 6

The reverse side of  the colony is yellow to dark 
brown or red-brown.
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M-4 A spergillus fumigatus                            

Two-day-old, blue-green, powdery 
colonies of  Aspergillus fumigatus fi lling 
Sabouraud’s dextrose agar plate.  

Microscopic morphology of  Aspergillus fumigatus showing typical, 
columnar conidiophores consisting of  subglobose vesicle with 
uniseriate sterigmata and large chains of  round conidia (left; 
400X magnifi cation, right; line drawing not to scale).

Figure 7

Figure 8
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M-5 A spergillus fl avus         

Left, two-day-old, yellow-green colony of  Aspergillus 
fl avus on Sabouraud’s dextrose agar plate. Right, 
close up of  the colony showing powdery texture. 

Microscopic morphology of  Aspergillus fl avus depicting typical 
radiate heads with globose vesicle, uniseriate sterigmata, and round 
conidia (left; 400X magnifi cation, right; line drawing not to scale).

Figure 9

Figure 10
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Y-1 C andida Tropicalis

Two-day-old, wrinkled, cream colored 
colony of  Candida tropicalis on
Sabouraud’s dextrose agar.

Microscopic morphology of  Candida tropicalis. On cornmeal agar culture, 
long true hyphae and pseudohyphae with clusters of  blastoconidia are seen 
(left; 200X magnifi cation, right; line diagram not to scale).

Figure 11

Figure 12
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Y-2 C andida glabrata

Four-day-old, white and shiny colony of  Candida 
glabrata on Sabouraud’s dextrose agar.

Microscopic morphology of  Candida glabrata on corn meal 
agar with Tween 80 shows elliptical shaped blastoconidia 
(left; 400 X magnifi cation, right; line diagram not to scale).

Figure 13

Figure 14
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Y-3 S accharomyces cerevisiae

Four-day-old creamish white, butryous, 
raised colony of  Saccharomyces cerevisiae 
on Sabouraud’s dextrose agar. 

Microscopic morphology of  Saccharomyces cerevisiae on cornmeal agar 
showing round, oval blastoconidia (left; 200X magnifi cation, right; 
line drawing not to scale).

Figure 15

Figure 16
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Y-4 C andida albicans             

Four-day-old, white, glossy, and smooth colony 
of  Candida albicans on Sabouraud’s dextrose agar.

Microscopic morphology of  Candida albicans on corn meal agar with Tween 
80 shows terminal chlamydospores on pseudohyphae with blastoconidia 
(left; 400 X magnifi cation, right; line diagram not to scale).

Figure 17

Figure 18
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Y-5 C andida krusei             

Seven-day-old, dry but soft wrinkled 
colony of  Candida krusei on Sabouraud’s 
dextrose agar.

Microscopic morphology of  Candida krusei on corn meal agar 
showing long, branched pseudohyphae with oval blastoconidia 
(left; 200X magnifi cation, right; line drawing not to scale).

Figure 19

Figure 20
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