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Abstract

Susceptibilities to amphotericin B and fluconazole of 909 Candida species collected during the Taiwan Surveillance of Antimicrobial
Resistance of Yeasts (TSARY) in 2002 were determined by the broth microdilution method. There were 395 (43.5%) Candida albicans, 244
(26.8%) C. tropicalis, 187 (20.6%) C. glabrata, 63 (6.9%) C. parapsilosis, 9 (1%) C. krusei, and 11 (1.2%) others. Among them, 23 (2.5%)
isolates were resistant to amphotericin B. They consisted of 10 C. glabrata, 6 C. krusei, 3 C. albicans, 1 C. tropicalis, 1 C. parapsilosis, and
2 others. The resistance rate to amphotericin B has increased compared with that of TSARY 1999 (2.5% versus 0.5%). There were 7 C.
krusei, 5 C. albicans, 3 C. glabrata, and 2 others isolates resistant to fluconazole. The resistance rate to fluconazole has decreased from 8.4%

in 1999 to 1.9% in 2002. A pattern of coresistance to both amphotericin B and fluconazole was observed.

© 2005 Elsevier Inc. All rights reserved.
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1. Introduction

Nosocomial infections caused by yeasts have increased
significantly in the past 2 decades. The prevalence of
nosocomial candidemia increased 27-fold from 1981
through 1993 at a major hospital in Taiwan (Chen et al.,
1997; Hung et al., 1996). In the United States, yeast infection
also ranks as the fourth most common cause of nosocomial
bloodstream infection (Beck-Sague and Jarvis, 1993; Pfaller
et al.,, 1998). The dramatic increase in the prevalence of
fungal infections is probably the result of alterations in
immune status and invasive hospital procedures (White et al.,
1998; Yang and Lo, 2001). Thus, infections caused by
Candida species are becoming important causes of morbid-
ity and mortality in immunocompromised patients. The
major issues concerning currently available antifungal drugs
include side effects and ineffectiveness against certain fungi.
Because of broad prophylactic use and long-term treatment
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with antifungal drugs, drug resistance has become an
important issue in various fungal infections, which have
profound effects on human health (Marr et al., 2001; Pfaller
et al., 2003; Yang et al., 2004b).

Candida species have various degrees of susceptibility to
common antifungal drugs. For instance, Candida lusitaniae
is relatively resistant to amphotericin B (Hadfield et al.,
1987), whereas C. krusei and C. glabrata are less susceptible
to fluconazole than other Candida species (Akovaetal., 1991;
Orozco et al., 1998; Yang et al., 2004b). This phenomenon
emphasizes the importance of identification and surveillance
of the Candida species in the clinical settings.

As part of the national survey Taiwan Surveillance of
Antimicrobial Resistance of Yeasts (TSARY) in 1999, 22
hospitals have contributed 660 clinical yeast isolates to our
study (Lo et al., 2001). Among the 632 tested isolates, 0.5%
and 8.4% of isolates were resistant to amphotericin B and
fluconazole, respectively. We have also shown that the levels
of susceptibility to fluconazole of Candida species are
different among different species (Yang et al., 2004a; Yang
et al., 2004b). The aim of this study is to determine the
susceptibilities to amphotericin B and fluconazole of isolates
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collected in a follow-up survey in 2002, TSARY 2002, and
to investigate the change of susceptibility to antifungal drugs
of Candida species in Taiwan from 1999 to 2002.

2. Materials and methods
2.1. Organisms and media

Yeast isolates were collected from 24 hospitals that
participated in TSARY 2002. Each hospital was asked to
submit all yeast pathogens from blood and up to 10 C.
albicans and 40 non-albicans Candida species isolates from
non-blood sites from June to August in 2002. Only one
isolate was accepted during each episode of infection.
Isolates were stored frozen at —70°C in bead-containing
Microbank cryovials (PRO-LAB Diagnostics, Austin, TX).
The isolates were first subcultured on Sabouraud dextrose
agar (BBL, Becton Dickinson Cockeysville, MD) to assess
the purity and identification after they were sent to the
laboratory at National Health Research Institutes (NHRI).
Pure isolates were labeled and stored in vials containing
50% glycerol at —70°C awaiting further analysis.

2.2. Identification

The identifications of the isolates were reassured in the
laboratory at the NHRI. The identification procedure for the
yeast isolates was performed as previously described (Lo
et al., 2001). Isolates identified as C. albicans by participat-
ing hospitals were first subjected to the germ tube test in
brain heart infusion (BHI, BBL) medium containing 10%

goat serum (GibcoBRL 16210-064, Grand Island, NY) at
37°C for 2 to 3-h (Larone, 1995). The VITEK Yeast
Biochemical Card (bioMérieux, St. Louis, MO) was then
used to identify the isolates appearing to be negative by the
germ tube assay in the NHRI laboratory and the isolates
were identified as non-albicans Candida species by
participating hospitals. API32C (bioMérieux) was used to
assess the NHRI result when the VITEK Yeast Biochemical
Card showed less than 90% confidence.

2.3. Antifungal susceptibility testing

The minimum inhibitory concentration (MIC) to ampho-
tericin B and fluconazole of each yeast was determined by
in vitro antifungal susceptibility testing according to the
guidelines of M27-A published in 1997 by the National
Committee for Clinical Laboratory Standards (1997). The
RPMI medium 1640 (31800-022) provided by GibcoBRL
was used for the testing. Strains from American Type
Culture Collection were used as the standard controls. The
final growth of each isolate was measured by a Spectra
MAX Plus (Molecular Devices Corp, Sunnyvale, CA) after
48-h incubation at 35°C. We also measured MICs of some
isolates by Etest (AB Biodisk Solna, Sweden) to assess the
results of the broth microdilution method.

The interpretation of MICs was according to the guide-
lines of the National Committee for Clinical Laboratory
Standards (1997). The MICs to amphotericin B and
fluconazole were defined as the MICs of drugs capable of
reducing the turbidity of cells to greater than 95% and 50%,
respectively. Isolates with MIC > 2 ug/mL were considered

Table 1
The susceptibility to fluconazole of Candida species from different sources
Susceptibility C. albicans C. tropicalis C. glabrata C. parapsilosis C. krusei Others All
Urine
S 98 (93.3) 107 (95.5) 71 (52.2) 8 (100) 0 0 284 (78.2)
SDD 5(4.8) 5 (4.5) 63 (46.3) 0 0 0 73 (20.1)
R 2(1.9) 0 2(15) 0 2 (100) 0 6 (1.7)
Sputum
S 112 (93.3) 56 (96.6) 5(35.7) 1 (100) 0 2 (50) 176 (87.6)
SDD 6 (5) 2(34) 8 (57.2) 0 1 (25) 1(25) 18 (8.9)
R 2(1.7) 0 1(7.1) 0 3 (75) 1(25) 7 (3.5)
Blood
S 55 (98.2) 30 (96.8) 6 (46.2) 24 (100) 0 0 115 (91.3)
SDD 0 1(3.2) 7 (53.8) 0 0 0 8 (6.3)
R 1(1.8) 0 0 0 1 (100) 1 (100) 3(24)
Wound
S 21 (95.5) 9 (100) 0 12 (100) 0 2 (100) 44 (95.7)
SDD 1 (4.5) 0 1 (100) 0 0 0 2(43)
R 0 0 0 0 0 0 0
Others
S 87 (94.6) 33 (97.1) 11 (47.8) 18 (100) 1 (50) 3(75) 153 (88.4)
SDD 5(5.4) 1(2.9) 12 (52.2) 0 0 1(25) 19 (11)
R 0 0 0 0 1 (50) 0 1 (0.6)
All
S 373 (94.4) 235 (96.3) 93 (49.7) 63 (100) 1(11.1) 7 (63.6) 772 (84.9)
SDD 17 (4.3) 9 (3.7) 91 (48.7) 0 1 (11.1) 2 (18.2) 120 (13.2)
R 5(1.3) 0 3 (1.6) 0 7 (77.8) 2 (18.2) 17 (1.9)

S, susceptible; SDD, susceptible-dose-dependent; R, resistant. Data are given as number of isolates (%).
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Table 2

The susceptibility to amphotericin B of Candida species

MIC (png/mL) C. albicans C. tropicalis C. glabrata C. parapsilosis C. krusei Others Total
0.06 3(0.8) 1(0.4) 0 0 0 0 4(0.4)
0.125 1(0.2) 0 0 0 0 0 1(0.1)
0.25 6 (1.5) 1(0.4) 1 (0.5) 6 (9.5) 0 1(9.1) 15 (1.7)
0.5 218 (55.2) 126 (51.7) 33 (17.6) 27 (42.9) 1 (11.1) 4 (36.4) 409 (45)
1 164 (41.5) 115 (47.1) 143 (76.5) 29 (46) 2(22.2) 4 (36.4) 457 (50.3)
2 3 (0.8) 1(0.4) 10 (5.4) 1 (1.6) 6 (66.7) 2 (18.1) 23 (2.5)
Total 395 244 187 63 9 11 909
MICs, 0.5 0.5 1 0.5 2 1 1
MICy, 1 1 1 1 2 2 1

Data are given as number of isolates (%).

resistant to amphotericin B. Isolates with MIC < 1 ug/mL
were considered susceptible. Isolates with MIC > 64 ng/mL
were considered resistant to fluconazole, whereas isolates
with MIC < 8 pg/mL were considered to susceptible.
Isolates of which the MICs fell in between (1632 pg/mL)
were fluconazole-susceptible-dose-dependent. MICs, and
MICy, were defined as the MICs of 50% and 90% of the
total population.

2.4. Database and analysis

The database for this study contained the characteristic
information of each submitted isolate: hospital origin,
location and type of the hospital, and identification and
source of the isolate. The statistical significance of the
differences in frequencies and proportions was determined
by the % test with Yates’ correction.

3. Results and discussion

3.1. Susceptibilities to fluconazole of Candida species from
different sources

A total of 909 isolates listed in Table 1 were analyzed for
their susceptibilities to amphotericin B and fluconazole. C.
albicans was the most common species among the isolates
(43.5%). C. tropicalis (26.8%) and C. glabrata (20.6%) were
2 most common non-albicans Candida species followed by
C. parapsilosis (6.9%), C. krusei (1%), and others (1.2%).
When classified according to the sources, there were 363
(39.9%) isolates from urine, 201 (22.1%) from sputum, 126

(13.9%) from blood, 48 (5.3%) from central venous line, 46
(5.1%) from wound, 33 (3.6%) from ascites, 14 (1.5%) from
pus, and 78 (8.6%) from other sources.

A total of 772 (84.9%), 120 (13.2%), and 17 (1.9%) iso-
lates were fluconazole-susceptible, fluconazole-susceptible-
dose-dependent, and fluconazole-resistant, respectively. The
MICs, and MICy, of these isolates were 1 and 16 pg/mL,
respectively. The 17 fluconazole-resistant isolates consisted
of 7 from sputum, 6 from urine, 3 from blood, and 1 from
perineum. Fewer isolates (1.9%) from TSARY 2002 were
resistant to fluconazole than that in TSARY 1999 (8.4%, P <
0.05) (Yang et al., 2004b). In contrast, higher percentage of
isolates from TSARY 2002 (13.2%) were susceptible-dose
dependent than that in TSARY 1999 (7.1%, P < 0.05).
Consequently, there were similar portions of isolates suscep-
tible to fluconazole in both surveys. The fluconazole
resistance rate of isolates from blood in TSARY 2002 was
2.4%, which is higher than what has been reported from one
major hospital in Taiwan (1.3%) (Chen et al., 1996). The
MICs, of C. krusei was 64 ng/mL. C. krusei (77.8%) had the
highest resistance rate to fluconazole than any other species
studied, which is consistent with previous report (Akovaetal.,
1991; Yang et al., 2004b). Although only 1.6% of C. glabrata
were resistant to fluconazole, less than half of the isolates
(49.7%) from this species were susceptible to fluconazole.
The MICsy, and MICqy of it were 16 and 32 pg/mL,
respectively. In contrast, all of the C. parapsilosis isolates
were susceptible to fluconazole, which is consistent with the
previous report that C. parapsilosis is the most susceptible
species to fluconazole (Yang et al., 2004b).

Table 3

The coresistance to amphotericin B and fluconazole

MIC of amphotericin B MIC of fluconazole Total
0.125 0.25 0.5 1 2 4 8 16 32 64

0.06 1 1 1 1 4

0.125 1 1

0.25 4 2 5 1 1 1 1 15

0.5 27 139 75 57 40 25 17 14 10 5 409

1 26 87 51 50 45 44 59 59 31 5 457

2 2 2 1 1 4 2 3 2 6 23

Total 54 233 131 114 87 75 78 77 43 17 909
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3.2. Susceptibilities to amphotericin B of Candida species

The range of MICs to amphotericin B was from 0.06 to
2 pg/mL (Table 2). C. krusei was less susceptible to
amphotericin B than any other species because the MICsq of
this species was 2 pg/mL. A total of 23 (2.5%) isolates were
resistant to amphotericin B. Fungal infections caused by
non-albicans Candida species have increased dramatically
(Abi-Said et al., 1997; Slavin et al., 1995; Walsh et al.,
2004), which was also reflected in the distribution of
resistant isolates (Slavin et al., 1995; Walsh et al., 1998). Of
the 23 amphotericin B-resistant isolates, 20 isolates were
non-albicans Candida species. The distributions were 10 C.
glabrata, 6 C. krusei, 1 C. tropicalis, 1 C. parapsilosis, and
2 others. Higher percentage of isolates (2.5%) from TSARY
2002 were resistant to amphotericin B than that in TSARY
1999 (0.5%, P < 0.05) (Yang et al., 2004b).

3.3. Coresistance to both amphotericin B and fluconazole

The phenomenon of coresistance has been reported for
many pathogens. The trend of coresistance to amphotericin
B and fluconazole is shown in Table 3. A total of 1.6% (12/
772) of fluconazole-susceptible, 4.2% (5/120) of flucona-
zole-susceptible-dose-dependent, and 35.3% (6/17) of flu-
conazole-resistant isolates were resistant to amphotericin B.
A total of 1.2% (11/886) and 26.1% (6/23) of isolates with
MICs to amphotericin B of <1 and 2 pg/mL, respectively,
were resistant to fluconazole.

A total of 11.1% of C. krusei and 49.7% of C. glabrata
were susceptible to fluconazole, which is consistent with the
previous report that both species were less susceptible to
fluconazole than other Candida species (Akova et al., 1991;
Orozco et al., 1998; Yang et al., 2004b). Thus, fluconazole
is not a drug recommended to treat infections caused by
these 2 species. Amphotericin B appears to be the drug of
choice for the treatments. However, along with increased
usage of amphotericin B, more C. krusei were resistant to it
in TSARY 2002 (66.7%) than in TSARY 1999 (10%). This
is also the case for C. glabrata (5.4% versus 0%). The
coresistance to both amphotericin B and fluconazole of C.
krusei and C. glabrata may become an issue for treatment
of infections caused by them.

Acknowledgments

The authors thank Bristol Myers Squibb and Pfizer for
supplying the amphotericin B and fluconazole, respectively.
They also thank the 24 participating hospitals for providing
clinical isolates and information regarding to those isolates.
They are Asia East Memorial Hospital, Buddhist Tzu-Chi
General Hospital, Chang Gung Memorial Chiayi Christian
Hospital, Hospital at Kaohsiung, Chang-Hwa Christian
Hospital, Cheng Ching Hospital, Chung Shan Medical
Dental College Hospital, Hua-Lien Hospital, DOH, the
Executive Yuan, Hua-Lien Mennonite Church Hospital,
Kaohsiung Military Hospital, Kaohsiung Medical College

Chung-Ho Memorial Hospital, Kuan-Tien General Hospi-
tal, Lo-Hsu Foundation Inc, Lo-Tung Poh Ai Hospital,
Miin Sheng General Hospital, National Cheng Kung
University Hospital, Show Chwan Memorial Hospital,
Sin-Lau Christian hospital, St. Mary Hospital, Taipei
Municipal Chung Hsiao Hospital, Taipei Municipal Hoping
Hospital, Tri Service General Hospital, Veterans General
Hospital-Taichung, Veterans General Hospital-Kaohsiung,
Zen Ai General Hospital. The authors thank Ms. T.L.
Lauderdale for her technical assistance and fruitful dis-
cussions. This study was partially supported by grant
DOH93-DC-1101.

References

Abi-Said D, Anaissie E, Uzun O, Raad I, Pinzcowski H, Vartivarian S
(1997) The epidemiology of hematogenous candidiasis caused by
different Candida species. Clin Infect Dis 24:1122—1128.

Akova M, Akalin HE, Uzun O, Gur D (1991) Emergence of Candida
krusei infections after therapy of oropharyngeal candidiasis with
fluconazole. Eur J Clin Microbiol Infect Dis 10:598—-599.

Beck-Sague C, Jarvis WR (1993) Secular trends in the epidemiology of
nosocomial fungal infections in the United States, 1980—1990. Natio-
nal Nosocomial Infections Surveillance System. J Infect Dis 167:
1247-1251.

Chen YC, Chang SC, Hsiech WC, Luh KT (1996) In vitro antifungal
susceptibilities of Candida species isolated from the blood. Int J
Antimicrob Agents 7:217-222.

Chen YC, Chang SC, Sun CC, Yang LS, Hsiech WC, Luh KT (1997)
Secular trends in the epidemiology of nosocomial fungal infections
at a teaching hospital in Taiwan. Infect Control Hosp Epidemiol 18:
369-375.

Hadfield TL, Smith MB, Winn RE, Rinaldi MG, Guerra C (1987) Mycoses
caused by Candida lusitaniae. Rev Infect Dis 9:1006—1012.

Hung CC, Chen YC, Chang SC, Luh KT, Hsieh WC (1996) Nosocomial
candidemia in a university hospital in Taiwan. J Formos Med Assoc
95:19-28.

Larone DH (1995) Laboratory procedures. Medically important fungi: a
guide to identification. New York: ASM Press, pp 209-224.

Lo HJ, Ho AH, Ho M (2001) Factors accounting for misidentification of
Candida species. J Microbiol Immunol Infect 34:171—-177.

Marr KA, Lyons CN, Ha K, Rustad TR, White TC (2001) Inducible azole
resistance associated with a heterogeneous phenotype in Candida
albicans. Antimicrob Agents Chemother 45:52—59.

National Committee for Clinical Laboratory Standards (1997) Reference
method for broth dilution antifungal susceptibility testing of yeasts:
approved standard NCCLS document M27A. Wayne (PA): National
Committee for Clinical Laboratory Standards.

Orozco AS, Higginbotham LM, Hitchcock CA, Parkinson T, Falconer D,
Ibrahim AS, Ghannoum MA, Filler SG (1998) Mechanism of
fluconazole resistance in Candida krusei. Antimicrob Agents Chemo-
ther 42:2645—-2649.

Pfaller MA, Jones RN, Messer SA, Edmond MB, Wenzel RP (1998)
National surveillance of nosocomial blood stream infection due to
species of Candida other than Candida albicans: frequency of
occurrence and antifungal susceptibility in the SCOPE Program
SCOPE Participant Group Surveillance and Control of Pathogens of
Epidemiologic. Diagn Microbiol Infect Dis 30:121—129.

Pfaller MA, Diekema DJ, Messer SA, Boyken L, Hollis RJ (2003)
Activities of fluconazole and voriconazole against 1,586 recent
clinical isolates of Candida species determined by Broth micro-
dilution, disk diffusion and Etest methods: report from the ARTEMIS
Global Antifungal Susceptibility Program, 2001. J Clin Microbiol 41:
1440—1446.



Y.-L. Yang et al. / Diagnostic Microbiology and Infectious Disease 51 (2005) 179-183 183

Slavin MA, Osborne B, Adams R, Levenstein MJ, Schoch HG, Feldman
AR, Meyers JD, Bowden RA (1995) Efficacy and safety of
fluconazole prophylaxis for fungal infections after marrow transplan-
tation—A prospective, randomized, double-blind study. J Infect Dis
171:1545-1552.

Walsh TJ, Hiemenz JW, Seibel NL, Perfect JR, Horwith G, Lee L, Silber
JL, DiNubile MJ, Reboli A, Bow E, Lister J, Anaissiec EJ (1998)
Amphotericin B lipid complex for invasive fungal infections: analysis
of safety and efficacy in 556 cases. Clin Infect Dis 26:1383—1396.

Walsh TJ, Groll A, Hiemenz J, Fleming R, Roilides E, Anaissie E (2004)
Infections due to emerging and uncommon medically important fungal
pathogens. Clin Microbiol Infect 10(Suppl 1):48—66.

White TC, Marr KA, Bowden RA (1998) Clinical, cellular, and molecular
factors that contribute to antifungal drug resistance. Clin Microbiol Rev
11:382-402.

Yang YL, Lo H-J (2001) Mechanisms of antifungal agent resistance.
J Microbiol Immunol Infect 34:79—86.

Yang YL, Cheng HH, Lo HJ (2004a) In vitro activity of voriconazole
against Candida species isolated in Taiwan. Int J Antimicrob Agents
24:294-296.

Yang YL, Ho YA, Cheng HH, Ho M, Lo HJ (2004b) Susceptibilities of
Candida species to amphotericin B and fluconazole: the emergence of
fluconazole resistance in Candida tropicalis. Infect Control Hosp
Epidemiol 25:60—64.



	Susceptibilities to amphotericin B and fluconazole of Candida species in TSARY 2002
	Introduction
	Materials and methods
	Organisms and media
	Identification
	Antifungal susceptibility testing
	Database and analysis

	Results and discussion
	Susceptibilities to fluconazole of Candida species from different sources
	Susceptibilities to amphotericin B of Candida species
	Coresistance to both amphotericin B and fluconazole

	Acknowledgments
	References


