
ABSTRACT
Approved by the FDA in 2002, voriconazole has been widely used for prevention and treatment of invasive 
fungal infections.  As a result, prospective surveillance for emergence of in vitro resistance to voriconazole is 
indicated.  From January 2004-December 2006, we collected 5615 invasive (blood or sterile site) clinical 
isolates of Candida from 78 centers in 30 countries worldwide (by region: 772 from Asia-Pacific, 1736 
Europe, 1118 Latin America, 1657 North America).  In vitro susceptibility to voriconazole was performed at a 
central lab using the CLSI M27-A2 method and CLSI breakpoints to classify organisms as susceptible (S), 
susceptible dose-dependent (SDD) or resistant (R).  We present results overall, by species, by country and 
region.  In addition, we compare in vitro activity of this recent collection with that of 5866 isolates collected 
during global surveillance from 1997-2001, prior to the availability or use of voriconazole. Species distribution 
was: 54% C. albicans, 14% C. glabrata, 14% C. parapsilosis, 11% C. tropicalis, and 3% C. krusei.  
Voriconazole was very active overall: MIC50/MIC90, 0.008/0.25 mg/L; 98% S. Of the 96 isolates not S to 
voriconazole (n=66 R, 30 SDD), 87 (91%) were C. glabrata, primarily from centers in North America and 
Europe.  Finland had the highest rate of voriconazole resistance (10% R, 8% SDD, 82% S among 73 total 
isolates).  In all other countries, ≥=97% of Candida were S to voriconazole.  No temporal trends in species or 
MIC distribution were noted over the 3 years of surveillance. In comparison to 5866 Candida isolates 
collected during global surveillance from 1997-2001, there were no changes in mean MIC or MIC distribution 
(mean MIC=0.125, MIC90, 0.25 mg/L for both collections).  Voriconazole is highly active in vitro against a 
global collection of recent invasive Candida isolates, and there is no evidence for emerging resistance or 
“MIC creep” compared with isolates collected prior to voriconazole availability.  Voriconazole SDD and 
voriconazole R isolates were primarily C. glabrata isolates from centers in North America and Europe.

INTRODUCTION
Voriconazole is a triazole antifungal agent with broad-spectrum activity against Candida spp., Aspergillus 
spp., and other opportunistic fungal pathogens (4, 7, 8, 10, 13).  Voriconazole has been approved by the 
United States Food and Drug Administration for the treatment of invasive aspergillosis, invasive candidiasis
in nonneutropenic patients, esophageal candidiasis, and serious infections caused by Fusarium and 
Scedosporium spp. in patients who are intolerant of or refractory to other antifungal agents (2, 4, 5, 8).  
Although voriconazole has been demonstrated to be effective for both primary (5) and salvage (8) therapy of 
invasive candidiasis, we have previously demonstrated that cross-resistance between fluconazole and 
voriconazole exists among clinical isolates of Candida (10, 12, 13).  In addition, breakthrough candidemia 
among voriconazole recipients has been reported, in some cases due to voriconazole-resistant Candida spp. 
(1, 3).
Given the widespread use of azole antifungal agents, given that decreased susceptibility to fluconazole 
may predict decreased susceptibility to voriconazole (10, 12, 13), and given prior reports of emergence of 
C. glabrata in the U.S. during the 1990s (14), there is a need for ongoing surveillance to monitor for the 
emergence of voriconazole resistance among Candida.  In addition to monitoring for categorical resistance 
using established breakpoints (9), such surveillance should allow for monitoring of the entire MIC distribution 
over time, in order to capture subtle changes (i.e. “MIC creep”) that may not be reflected using existing 
breakpoints.
We have performed global antifungal surveillance to monitor trends in antifungal susceptibility of clinical 
isolates of Candida since January 1997 (11).  We now report recent data from the ARTEMIS program 
describing voriconazole activity against contemporary clinical isolates of Candida spp. from invasive 
infections worldwide.  In addition, we compare these data to the voriconazole MIC distribution from global 
surveillance between 1997-2001 (prior to the widespread availability and use of voriconazole).  

MATERIALS AND METHODS
Organisms. A total of 5615 clinical isolates obtained from 78 medical centers in 30 countries from January 
2004 to December 2006 were tested as part of the ARTEMIS global antifungal surveillance program (13).  
The collection included 3040 strains of Candida albicans, 783 of C. parapsilosis, 782 of C. glabrata, 639 of 
C. tropicalis, 146 of C. krusei, 64 of C. guilliermondii, 63 of C. lusitaniae, 40 of C. kefyr, 24 of C. famata, 
11 of C. pelliculosa, 8 of C. lipolytica, 8 of C. dubliniensis, 3 of C. rugosa, 3 of C. zeylanoides, and 1 of 
C. intermedia.  All isolates were obtained from blood or other normally sterile sites and represented individual 
infectious episodes.  Sites included blood (65%), “tissue” (10%), abscess (9%), peritoneal fluid (6%), joint 
fluid (1%), cerebrospinal fluid (1%), catheter (1%), and “other” (7%).  The prior (comparator) collection of 
5866 invasive clinical isolates was collected between January 1997 and December 2001 from 112 centers in 
37 countries as part of two antifungal surveillance programs, SENTRY and ARTEMIS (11).  The isolates were 
collected at individual study sites and were sent to the University of Iowa (Iowa City, IA) for identification and 
susceptibility testing as described previously (10, 12, 13).  The isolates were identified by standard methods 
and stored as water suspension until used in the study.  Prior to testing, each isolate was passaged at least 
twice onto potato dextrose agar (Remel, Lenexa, KS) and CHROMagar™ Candida (Becton Dickinson, 
Sparks, MD). 
Antifungal agents. Reference powder of voriconazole was obtained from Pfizer Inc., New York, NY.  Stock 
standards were prepared in water, and serial twofold dilutions were made in RPMI 1640 (Sigma, St. Louis, 
MO) buffered to pH 7.0 with 0.165M morpholinepropanesulfomic acid (MOPS) buffer (Sigma).
Antifungal susceptibility testing. Broth microdilution testing was performed in accordance with the guidelines 
in the Clinical and Laboratory Standards Institute (CLSI) document M27-A2 (6) using RPMI 1640 medium, an 
inoculum of 0.5x103 to 2.5x103 cells/mL, and ambient air incubation at 35°C. MICs were determined visually 
after 48h of incubation as the lowest concentration of drug that caused a significant diminution (≥50%) of 
growth below control levels.  We used the voriconazole susceptibility breakpoints adopted by the CLSI: 
susceptible, ≤1 mg/L; susceptible dose-dependent, 2 mg/L; and resistant, ≥4 mg/L (9).
Quality Control. Quality control was performed by testing CLSI-recommended strains C. krusei ATCC 6258 
and C. parapsilosis ATCC 22019.
Statistical analysis. Changes in voriconazole MIC distributions by time period were examined using t-tests (to 
compare means) and the Wilcoxon rank sum test.  Alpha was set at 0.05 and all p-values were two-tailed.  
SPSS version 13 (Chicago, IL) was used for all statistical analyses.
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Table 1 displays the species distribution of the Candida spp. invasive isolates 
collected from 2004-2006 and 1997-2001.  Voriconazole demonstrated excellent in 
vitro activity against this collection of isolates, with an overall MIC50 of 0.008 mg/L, 
MIC90 of 0.25 mg/L, and 98.3% susceptible using the CLSI breakpoint of ≤1 mg/L 
(see Table 2).  Figure 1 shows the MIC frequency distribution for the 5 major species 
groups.  Among these major species, C. glabrata demonstrated the highest MICs 
(MIC50/90, 0.25/2.0 mg/L).  Indeed, C. glabrata represented 83% (25/30) of the total 
number of isolates that were susceptible dose-dependent to voriconazole, and 94% 
(62/66) of the isolates that were resistant to voriconazole.
Figure 2 compares the MIC distribution of the isolates collected from 1997-2001 with 
the current collection from 2004-2006.  As is evident, the MIC distributions were not 
significantly different (mean MIC=0.125 mg/L and MIC90=0.25 mg/L for both 
collections, p=0.8).
Table 2 demonstrates the voriconazole susceptibility of invasive Candida isolates by 
region and by country.  The lowest voriconazole activity was noted among the 73 
isolates from Finland, where 82% were susceptible to voriconazole.  This lower 
percentage susceptible was explained by the fact that 40% (30/73) of the Candida
isolates submitted from Finland were C. glabrata, the highest proportion of C. 
glabrata isolates from any country.  In all other countries, over 97% of Candida
isolates were susceptible to voriconazole.

SUMMARY
Voriconazole is highly active in vitro against a recent 
global collection of invasive Candida isolates.
In comparison with a large global collection of 
invasive Candida isolates from prior to voriconazole 
availability (1997-2001), there is no evidence for 
emerging resistance or shifts in MIC distribution.
The vast majority of Candida isolates not susceptible 
to voriconazole (MIC>1 mg/L) are C. glabrata from 
centers in Europe and North America.
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Table 1. Distribution of Candida spp. overall and by region, from the 
ARTEMIS global surveillance program

Table 2. Susceptibility of a recent global collection of invasive 
Candida spp. isolates (2004-06) to voriconazole, by region and country

0.50.90.30.30.40.4*Other
0.30.50.10.40.10.2C. pelliculosa
0.10.80.20.70.20.4C. famata
0.20.11.30.70.50.7C. kefyr
1.20.81.40.61.51.1C. lusitaniae
0.81.00.53.70.41.1C. guilliermondii
2.51.35.01.61.42.6C. krusei

10.018.07.320.07.211.4C. tropicalis
13.114.410.018.713.813.9C. parapsilosis
15.89.613.95.522.813.9C. glabrata
55.552.660.047.751.754.1C. albicans

(n=5866)(n=772)(n=1736)(n=1118)(n=1657)(n=5615)Species

Overall 
1997-2001

Asia-
PacificEurope

Latin 
America

North 
America

Overall    
2004-2006

% of total for each time period, stratified by region for recent collection (2004-06)

*For 2004-06, includes C. dubliniensis (8), C. intermedia (1), C. lipolytica (8), C. rugosa (3), C. zeylanoides (3)

Figure 1. Voriconazole MIC distribution for top 5 species groups, 
from global Candida surveillance, 2004-2006

Figure 2. MIC distributions for global collections of clinical 
Candida isolates collected from 1997-2001 (n=5866) compared with 
2004-2006 (n=5615)
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