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Species Distribution and Antifungal Susceptibilities of Yeast Clinical Isolates
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Background : We utilized results from the ARTEMIS DISK Global Antifungal Surveillance Program
to evaluate the species distribution and fluconazole and voriconazole susceptibilities of yeast iso-
lates from clinical specimens in South Korea from 2001 to 2007.

Methods : Data were collected on 5,665 yeast isolates from all body sites at three locations. Al
investigators tested clinical yeast isolates using the CLSI M44-A disk diffusion method. Test plates
were automatically read and results were recorded using the BIOMIC image analysis plate reader
system (Giles Scientific, USA). Species, drug, zone diameter, susceptibility category, and quality
control results were collected quarterly via e-mail for analysis.

Results: Candida albicans was the most common isolate, but a progressive increase in non-C.
albicans Candida and noncandidal yeast species has been observed in recent years. The overall
percentages of isolates in each category (susceptible, susceptible dose dependent, and resistant)
were 98.8%, 0.5%, and 0.7% and 99.2%, 0.2%, and 0.6% for fluconazole and voriconazole,
respectively. Candida of 3 species exhibited decreased susceptibility to fluconazole (<90% S) in
the order of that seen with the resistant (R) species: C. krusei, C. guilliermondii, and C. glabrata.
Emerging resistance to fluconazole or voriconazole was documented among isolates of Crypto-
coccus neoformans, Trichosporon spp., and Rhodotorula spp.

Conclusions : The species distribution and antifungal susceptibilities of yeasts may differ accora-
ing to specimen type, testing method, hospital, and geographic region. Therefore, further large-
scaled, long-term surveillance studies are needed to isolate yeasts and to confirm the species dis-
tribution and antifungal susceptibilities of yeast isolates from clinical specimens in Korea. (Korean J

Lab Med 2010;30:364-72)
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Table 1. Species distribution of Candida and other yeast isolates by year in South Korea

2001 2002 2003 2004 2005 2006 2007
Organism
N % N % N % N % N % N % N %
Candiida spp.
C. albicans 426 93.42 588 89.36 914 86.64 687 81.40 473 70.28 766 68.09 671 78.60
C. glabrata 5 110 15 228 29 275 39 462 41 6.09 48 427 40 470
C. tropicalis 8 175 26 395 38 3.60 36 427 49 728 81 720 33 390
C. parapsilosis 8 175 22 334 57 540 58  6.87 41 6.09 74  6.58 40 470
C. guilliermondii 1 022 6 057 2 024 2 030 7 062 2 020
C. krusei 2 030 3 028 2 024 4 059 7 062 1 010
C. lusitaniae 3 036 2 030 3 027 3 040
C. pelliculosa 1 015 2 019 2 024 4 059
C. famata 2 044 1 010
C. dubliniensis 2 018
C. haemulonii 1 0.09
Other Candida spp. 2 030 3 027
C. neoformans 1 009 3 036 17 2583 10 0.89 4 050
Trichosporon spp.
T. beigelifcutaneum 6 132 1 015 2 030 3 027
T. asahii 1 012 1 009 1 010
T. inkin 1 009
T. mucoides 1 009
Other Trichosporon spp. 5 059 2 018 2 020
Rhodotorula spp. 1 012 1 015 1 0.09
Saccharomyces spp. 1 012 3 027
Pichia spp. 1 015 6 053
Other yeasts 1 015 5 047 4 047 36 535 105 9.33 56 6.60
Total 456 658 1,055 844 673 1,125 854

Includes all specimen types and all locations in the hospitals of 3 institutions.

Abbreviations: %, % of total isolates tested; spp., species; C. neoformans, Cryptococcus neoformans.
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Table 2. In vitro susceptibilities of yeast isolates to fluconazole and voriconazole, 2001 to 2007

Fluconazole Voriconazole
Organism
N %S %SDD %R N %S %SDD %R
Candida spp.
C. albicans 4,525 99.7 0.1 0.2 4,393 99.7 0.3
C. glabrata 217 89.4 5.1 55 212 915 33 52
C. tropicalis 271 99.6 04 268 98.1 0.7 1.1
C. parapsilosis 300 99.7 0.3 296 99.7 0.3
C. guilliermondii 20 80.0 15.0 5.0 20 95.0 5.0
C. krusei 19 31.6 15.8 52.6 18 77.8 1.1 111
C. lusitaniae 11 100 11 100
C. pelliculosa 9 100 9 100
C. famata 3 100 2 100
C. dubliniensis 2 100 2 100
C. haemulonii 1 100 1 100
Other Candida spp. 5 100 5 100
C. neoformans 35 971 29 36 97.2 28
Trichosporon spp.
T. beigelijcutaneum 12 83.3 8.3 8.3 12 100
T. asahii 3 100 3 100
T. inkin 1 100 1 100
T. mucoides 1 100 1 100
Other Trichosporon spp. 9 778 222 9 100
Rhodotorula spp. 3 100 3 33.3 66.7
Saccharomyces spp. 4 100 4 100
Pichia spp. 7 100 7 100
Other yeasts 207 98.6 14 207 100
Total 5,665 98.8 05 0.7 5,520 99.2 0.2 0.6

Includes all specimen types and all locations in the hospitals of 3 institutions.
Abbreviations: S, susceptible; SDD, susceptible dose dependent; R, resistant; C. neoformans, Cryptococcus neoformans; spp., species.
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Fig. 1. Fluconazole (A) and voriconazole (B) zone diameter (mm) distribution of all yeast isolates.
Abbreviations: S, susceptible; SDD, susceptible dose dependent; R, resistant.
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Table 3. Trends in resistance to fluconazole among yeast isolates as determined by the CLSI disk diffusion method over a 7-yr period

2001 2002 2003 2004 2005 2006 2007
Organism
N % N % N % N % N % N % N %
Candida spp.
C. albicans 426 00 588 0.3 914 0.1 687 03 473 0.8 766 0.0 671 0.0
C. glabrata 5 00 15 67 29 172 39 26 41 49 48 6.3 40 0.0
C. tropicalis 8 00 26 00 38 26 36 00 49 0.0 81 00 33 00
C. parapsilosis 8 00 22 00 57 00 58 0.0 41 00 74 00 40 00
C. guilliermondii 1 00 6 00 2 00 2 00 7 143 2 00
C. krusei 2 500 3 333 2 00 4100.0 7 429 1 100.0
C. lusitaniae 3 00 2 00 3 00 3 00
C. pelliculosa 1 00 2 00 2 00 4 00
C. famata 2 00 1 00
C. dubliniensis 2 00
C. haemulonii 1 00
Other Candida spp. 2 00 3 00
C. neoformans 1 00 3 00 17 00 10 00 4 00
Trichosporon spp.
T. beigelifcutaneun 6 16.7 1 00 2 00 3 00
T. asahii 1 00 1 00 1 00
T. inkin 1 00
T. mucoides 1 00
Other Trichosporon spp. 5 200 2 500 2 00
Rhodotorula spp. 1 100.0 1100.0 1100.0
Saccharomyces spp. 1 00 3 00
Pichia spp. 1 00 6 00
Other yeasts 1 00 5 00 4 00 36 0.0 105 1.0 56 3.6
Total 456 0.22 658 0.61 1,055 0.76 844 059 673 1.6 1,125 09 854 04

Includes all specimen types and all locations in the hospitals of 3 institutions.
Abbreviations: R, resistant; spp., species; C. neoformans, Cryptococcus neoformans.
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Table 4. Trends in resistance to voriconazole among yeast isolates as determined by the CLSI disk diffusion method over a 7-yr period

2001 2002 2003 2004 2005 2006 2007
Organism
N % N % N % N % N % N % N %
Candida spp.
C. albicans 347 03 588 05 913 0.1 687 00 473 13 766 00 619 00
C. glabrata 3 00 15 00 29 20.7 39 00 4 24 48 63 37 27
C. tropicalis 8 00 26 00 38 53 36 00 49 20 81 00 30 00
C. parapsilosis 7 00 22 00 57 0.0 58 1.7 41 0.0 74 00 37 00
C. guilliermondiii 1 00 6 00 2 00 2 00 7 1483 2 00
C. krusei 1 00 3 00 2 00 4 250 7 00 1 100.0
C. lusitaniae 3 00 2 00 3 00 3 0.0
C. pelliculosa 1 00 2 00 2 00 4 00
C. famata 1 00 1 0.0
C. dubliniensis 2 00
C. haemulonii 1 0.0
Other Candida spp. 2 00 3 00
C. neoformans 1 00 3 00 17 59 11 0.0 4 0.0
Trichosporon spp.
T. beigeliilcutaneum 6 00 1 00 2 00 3 00
T. asahii 1 0.0 1 00 1 0.0
T. inkin 1 00
T. mucoides 1 0.0
Other Trichosporon spp. 5 00 2 00 2 0.0
Rhodotorula spp. 1 0.0 1 100.0 1 100.0
Saccharomyces spp. 1 0.0 3 00
Pichia spp. 1 0.0 6 00
Other yeasts 1 00 5 00 4 00 36 00 105 00 56 0.0
Total 373 03 657 05 1,054 09 844 0.1 673 16 1,126 04 793 03

Includes all specimen types and all locations in the hospitals of 3 institutions.
Abbreviations: R, resistant; spp., species; C. neoformans, Cryptococcus neoformans.

Table 5. Susceptibilities of yeast isolates to fluconazole and voriconazole by specimen type

Specimen type N Antifungal agent %S %SDD %R
Blood 663 Fluconazole 96.8 1.2 20
658 Voriconazole 97.9 05 1.7
Urinary tract 1,027 Fluconazole 98.4 0.6 1.0
1,026 Voriconazole 99.0 04 0.6
Lower respiratory tract 771 Fluconazole 99.5 0.4 0.1
762 Voriconazole 99.0 0.3 0.8
Upper respiratory tract 194 Fluconazole 96.4 05 3.1
194 Voriconazole 98.5 15
Genital 108 Fluconazole 100.0
103 Voriconazole 100.0
Skin/soft tissue 157 Fluconazole 99.4 0.6
155 Voriconazole 100.0
CSF 38 Fluconazole 97.4 2.6
35 Voriconazole 94.3 5.7
Lower gastrointestinal tract 37 Fluconazole 86.5 54 8.1
36 Voriconazole 94.4 2.8 2.8
Biliary tract 34 Fluconazole 100.0
34 Voriconazole 100.0
Miscellaneous/others 2,397 Fluconazole 995 0.2 0.3
2,274 Voriconazole 99.8 0.1
Miscellaneous fluids 244 Fluconazole 99.6 04
243 Voriconazole 99.2 0.8
Total 5,665 Fluconazole 98.8 05 0.7
5,520 Voriconazole 99.2 0.2 0.6

Abbreviations: S, susceptible; SDD, susceptible dose dependent; R, resistant; CSF, cerebrospinal fluid.
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