
Perhaps one of the greatest values of surveys such as this is the demonstration of the continued and widespread
emergence of this potentially azole-resistant species among patients of all age groups throughout the U.S.

Similar surveillance efforts should a lso be undertaken within individual institutions in order to provide

knowledge of local epidemiological trends when selecting initial empirical therapy for Candida BSI (7, 21, 29, 56,

59, 80).  Delays in administering effective antifungal therapy (right drug, right dose) directly influence mortality
(28, 29, 52, 59) and such local epidemiological data provides the best way to optimize early initial antifungal

therapy (21, 56, 59, 80).  In an institution with high rates of infection from fl uconazole-resistant C. glabrata,  an

echinocandin should be recommended as the initial treatment of choice (Table 2) (56-58, 80).  In institutions
that have lower rates of infection with C. glabrata,  or in patients for whom infection due to fluconazole-resistant

C. g labrata is less likely, fluconazole may still be appropriate as initial therapy for patients who are not critically

ill and do not have prior fluconazole exposure (56-58, 80).  In such settings, however; it is important to pay strict

attention to the appropriate utilization of fluconazole (10, 18, 2 9, 41, 59, 90).

Inappropriate antifungal therapy can occur due to omission of antifungal treatment, incorrect antifungal

dosages, or administration of an antifungal agent to which the infecting organism was resistant (21, 29, 40, 41,
59, 85, 9 0).  Previous Infectious Diseases Society of America (IDSA) guidelines recommend that if fluconazole is

used in the treatment of a C. glabrata BSI, a dose of 12 mg/kg/d ( usually ≥800/d) should be administrated, while

a dose of 6 mg/kg/d (usually 400 mg/d) is sufficient for C. albicans,  C. parapsilosis and C. tropicalis (57, 58).
Unfortunately, fl uconazole h as been shown to be the antifungal agent that is most likely to be used

inappropriately (either wrong dose or resistant organism) (28, 29, 41, 59).  Garey et al (29) has shown in a

retrospective analysis that 78% of patients with C. glabrata BSI were treated with a dose of fluconazole less than

that recommended by the IDSA.  Likewise K levay et al (41) found that in contrast to patients with C. a lbicans
BSI, those with C. glabrata i nfection were less likely to receive an adequate dose of fluconazole as empiric therapy

(12% vs 52%, p <0.05) and that time to receipt of adequate therapy was longer for patients infected with C.
glabrata versus C. albicans (p < 0.001).  Although Wilson et al (90) found that fluconazole was a viable therapy
for C. glabrata fungemia, they noted that higher doses of fl uconazole ( >400mg/d) were more likely to achieve

fungemia eradication than lower doses (≤ 400mg/d) among patients who received only fl uconazole ( 91% vs 50%

respectively [p = 0.042]).  Finally, Sendid e t al (85) found that the emergence of C. glabrata as a cause of BSI in a

French University Hospital was linked to low dose (50-100 m g/d) fl uconazole u sage, whereas the prevalence of C.
glabrata decreased with an institutional shift to higher doses (>200 mg/d)  of fl uconazole c oncomitant with the

introduction of voriconazole a nd caspofungin.  IDSA guidelines also suggest that once Candida infection is

confirmed, species level identification is in most cases an effective method for prediction of antifungal
susceptibility (56-58).  However, as shown in the present study, resistance to fluconazole among isolates of C .
glabrata is not predictable and therefore antifungal susceptibility testing is needed to ensure optimal antifungal

treatment of C. g labrata BSI (7, 21, 29, 5 9).  Indeed, several authors have now demonstrated the importance of

the relationship between the daily dose of fluconazole and the organisms in vitro susceptibility to fluconazole as a
predictor of therapeutic success or failure (4, 10, 18, 29).  Baddley et al (10) recently demonstrated that a

fluconazole a rea under the concentration curve (AUC) – to –  MIC ratio of <11.5 or MIC of  ≥64 mg/ml was

associated with increased mortality among patients with c andidemia treated with fluconazole.  Parkins et al (59)
reported that empirical therapy of c andidemia with an adequate antifungal agent (isolate susceptible in vitro) was

associated with a significant reduction in all-cause mortality (27% vs 46%, p = 0.02).  Notably, empirical therapy

with fluconazole was more likely to be deemed inadequate.  Thus, both accurate and timely identification of
Candida BSI to species and MIC testing may be more important than previously recognized in the successful

management of candidemia (7).

The rising cost of novel antifungal agents, in conjunction with an increase in available therapies, increasing
fluconazole r esistance, local variation in the prevalence of C. g labrata,  and growing evidence that inappropriate

or delayed therapy increases mortality associated with candidemia has made therapeutic decision-making more

complex, requiring more mycological data and clinical expertise (7).  Given the variability in incidence and
fluconazole-resistance among C. g labrata,  the newly released IDSA guidelines recommend that patients with C .
glabrata BSI be empirically treated with an e chinocandin, with de-escalation to fluconazole only after the patient

is stable and the organism is known to be susceptible (21, 45, 56-58, 79).  Collins et al (21) have shown that the

timely use of fluconazole susceptibility testing of C. glabrata B SI isolates can facilitate de-escalation from a costly
echinocandin to fluconazole, resulting in lower overall treatment costs in patients with documented C. glabrata
fungemia.   Increasingly, antifungal susceptibility testing appears to be a necessity in today’s  world of resistant

organisms and expensive agents (21, 56-58, 7 9).

In summary, we provide further documentation of the emerging frequency of C . g labrata as a cause of BSI in

patients of all ages throughout the U.S.  The variable frequency of occurrence and resistance to fluconazole

associated with this species underscores the need for both prompt identification and antifungal susceptibility
testing of bloodstream isolates in order to optimize antifungal therapy.  The overall decreased susceptibility of C.
glabrata to fl uconazole m akes proper dosing of this agent essential to its optimal use in the treatment of C.
glabrata and other candidal infections.  Antifungal susceptibility testing can be used in an efficient and cost-
effective manner in guiding de-escalation from costly echinocandins to fluconazole in the treatment of C.
glabrata infections.

The relatively small number of isolates from certain regions and age groups limits this study.  In addition we

could not obtain complete data on several patient-related factors that might have influenced the risk of C .
glabrata or the risk for fl uconazole r esistance (e.g., severity of illness, device use, underlying disease, and

antifungal use).  Regardless, the overall size of this collection of C. g labrata BSI isolates does provide useful
descriptive information.  Such information will continue to be useful as a basis for comparison for future studies

regarding the prevalence and antifungal susceptibility of C. glabrata as a BSI pathogen in the U.S.
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Background: Candida g labrata is now the 2nd most common cause of candidemia in the U.S., and is often azole

resistant (R).  Trends in both the incidence and susceptibility of C. glabrata have important implications for

empiric therapy for invasive c andidiasis.

Methods:  We examined trends in C. glabrata isolation and susceptibility using longitudinal surveillance in 24
U.S. hospitals from 2001-2007, comparing these findings with a prior study performed between 1992-2001.

Antifungal susceptibility testing to fluconazole (FLU), voriconazole ( VOR), caspofungin, anidulafungin a nd

micafungin were performed by CLSI M27-A3 method, including use of CLSI susceptibility breakpoints. We
grouped isolates by patient age and geographic location within the U.S. for comparison.

Results:  From 2001-2007, a total of 2,536 Candida spp. isolates were submitted, 642 (25%) of which were C.
glabrata.  Comparing 2001-2007 with 1992-2001 data, there were increases both in the proportion of Candida BSI

caused by C. glabrata ( from 18% to 25%), and in the rate of FLU-R among C. g labrata (from 9% to 14%).  FLU-R
among C. glabrata was highest in the Northeast region (46% susceptible (S), 17% R) and was lowest in the West

(76% S, 10% R).   Whereas the frequency of C . g labrata increased with patient age, the rate of F LU-R among C.
glabrata declined with age.  The oldest age group (≥8 0 years) had the highest proportion of BSI isolates that were
C. g labrata (32%) and the lowest rate of F LU-R (5%).  By contrast, 18% of C . g labrata from those aged ≤59 yrs

were FLU-R.   All 3 echinocandins had good in vitro activity (99-100% S); VOR S  varied from 85% (Northeast) to

91% (West), and correlated with FLU activity.

Conclusions:  C. glabrata are increasing as a proportion of all Candida bloodstream isolates in U.S. hospitals, and
rates of FLU-R a mong C. glabrata are also increasing.  These data support IDSA recommendations for alternative

agents for candidemia among the severely ill, or those with risk factors for C. glabrata.

INTRODUCTION

Candidemia is without question the most important of the invasive mycoses (6, 33, 35, 61, 65, 68, 7 8, 86, 88).
Treatment of candidemia over the past 20 years has been enhanced considerably by the introduction of

fluconazole i n 1990 (7, 10, 15, 28, 29, 3 1, 40, 56-58, 6 1, 86, 90).  Because of its widespread usage, concern about

the development of fluconazole resistance among Candida spp. abounds (2, 6, 14, 32, 47, 53,  55, 56, 59, 6 0, 62,
80, 86).  Despite these concerns, fluconazole resistance is relatively uncommon among most species of Candida
causing bloodstream infections (BSI) (5, 6, 22, 24, 33, 4 2, 54, 56, 65, 68, 71, 86).  The exception is Candida
glabrata,  of which more than 10% of BSI isolates may be highly resistant (MIC ≥64 μg/ml) to fluconazole (6, 9 ,

15, 23, 3 0, 32, 36, 63-65, 71, 87, 91).  Sub-optimal fluconazole dosing practices (low dose [<400 mg./day], poor
indications) may lead to an increased frequency of isolation of C. glabrata as an etiological agent of candidemia

(6, 17, 29, 32, 35, 41, 47, 55, 60, 6 8, 85), to increased fluconazole (and other azole) resistance secondary to

induction of CDR efflux pumps (2, 11, 13, 16, 4 3, 47, 50, 55, 69, 77, 83, 84), and may adversely affect the
survival of treated patients (7, 10, 29, 40, 59, 9 0).  Among the various Candida species, C. glabrata alone has

increased as a cause of BSI in U.S. intensive care units (ICU) since 1993 (89).  Within the U.S., the proportion

of fungemias due to C. glabrata has been shown to vary from 11% to 37% across the different regions of the

country (63, 65) and from <10% to >30% within single institutions (9, 48).  In addition to fluconazole ex posure,
the prevalence of C. g labrata as a cause of BSI is potentially related to many disparate factors, including

geographic characteristics (3, 6, 63-65, 7 1, 88), patient age (5, 6, 25, 35, 41, 42, 48, 6 3, 82, 92), and other

characteristics of the patient population studied (1, 32, 35, 51).  Because C. glabrata i s relatively resistant to
fluconazole, the frequency with which it causes BSI has important implications for therapy (21, 29, 32, 4 0, 41,

45, 56, 5 7, 59, 80, 81, 86, 90).

Previously, we examined the susceptibilities to fl uconazole o f 559 BSI isolates of C . g labrata and grouped the

isolates by patient age and geographic location within the U.S. over the time period from 1992 to 2001 (63).  In

the current study we build upon this experience and report the fluconazole susceptibilities of 642 BSI isolates of

C. g labrata collected from sentinel surveillance sites throughout the U.S. for the time period from 2001 through
2007 and stratify the results by geographic region and patient age.  The activity of voriconazole and the

echinocandins a gainst this contemporary collection of C. glabrata i solates are also reported.

MATERIALS and METHODS

Organisms.  Between 2001 and 2007, a total of 2,536 bloodstream infection (BSI) isolates of Candida spp. from
24 sentinel surveillance sites in the U.S. were submitted to the University of Iowa College of Medicine (Iowa

City) for identification and antifungal susceptibility testing with fluconazole, voriconazole,  anidulafungin,

caspofungin and micafungin.   The isolates represent consecutive incident isolates from patients with candidemia

treated at hospitals within the four major regions of the U.S. (Table 1).   Patient ages were provided for 642 (89%)
of the 718 BSI isolates of C. g labrata.   These 642 isolates constitute the study set described herein.

All C. glabrata i solates were identified using Vitek and API products (b ioMéieux,  Dunham, NC), the results of
which were supplemented by conventional methods as required, and stored as water suspensions until they were

used.  Prior to testing, each isolate was passaged o n  potato dextrose agar (Remel, Lenexa, Kans.) and

CHROMagar (Becton Dickenson, Sparks, MD) to ensure purity and viability.

Susceptibility test methods.  Fluconazole (Pfizer), voriconazole (Pfizer), anidulafungin (Pfizer), caspofungin

(Merck), and micafungin (Astellas) were all obtained from their respective manufacturers as reagent grade

powders.  Broth microdilution testing was performed exactly as described in Clinical and Laboratory Standards
(CLSI) document M27-A3 (19).  The interpretive criteria for each agent were those published by Pfaller et al (66,

67, 73) and in CLSI document M27-S3 (20) as follows: fluconazole, an isolate for which the MIC is ≤8 μg /ml is

susceptible (S); an isolate for which the MIC is 16 to 32 μg/ml is susceptible dose dependent (SDD); and an
isolate for which the MIC is ≥64 μg /ml is resistant (R); voriconazole,  S ≤1  μg/ml; SDD,  2 μg /ml; R ≥4 μ g/ml;

anidulafungin,  caspofungin and micafungin: S, ≤2 μg /ml;  non-susceptible (NS), >2 μg /ml.

Quality Control.  QC was accomplished by testing the following strains on each day of testing: C. parapsilosis
ATCC 22019 and C. krusei ATCC 6258 (20).
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RESULTS and DISCUSSION

Overall, C. glabrata a ccounted for 25% of all Candida spp. BSI isolates and was the second most common species

isolated.  The frequency of C . g labrata as a cause of c andidemia in the U.S. ranged from 19% in the Northeast to
34% in the West (Table 1).  By comparison with our previous survey encompassing the years 1992 to 2001 (63),

the proportion of Candida spp. BSI isolates that were C. glabrata increased in three of the four regions and

decreased only slightly in the Northeast (from 21% to 19%).

As seen in our previous survey, the fl uconazole s usceptibilities of C. glabrata BSI isolates varied by region (Table

1).   Notably, the rate of fluconazole resistance among the C . g labrata isolates from 2001-2007 increased when

compared to those from 1992-2001 in all regions except for the South, where it was unchanged.  Furthermore,
the region with the highest prevalence of C. glabrata ( West; 34%) had the lowest frequency of resistance (10%).

Overall, 14% of the 2001-2007 U.S. C. glabrata isolates were resistant to fluconazole compared with only 9% in

1992-2001.

Given the increasing resistance to fluconazole among U.S. BSI isolates of C. glabrata, it is important to examine

the activity of possible alternatives to fluconazole in the treatment of these infections.  V oriconazole and the

echinocandins a re now available for the treatment of candidemia and other forms of invasive candidiasis (26, 56,
57, 61, 7 0-72, 8 6).  All three echinocandins showed excellent activity against C. glabrata isolates from all four

regions with   99-100% of isolates susceptible at the CLSI breakpoint of ≤2  μg/ml (Table 2).   Although 85% to

91% of isolates were susceptible to voriconazole (Table 2), it is notable that the region with the lowest
susceptibility to fl uconazole ( Northeast; 46%) also had the lowest susceptibility to voriconazole,  a pattern

consistent with previously demonstrated cross-resistance (70, 71).

Consistent with previous observations (25, 48, 63), very few BSI due to C. glabrata were reported from the
pediatric and adolescent age groups (≤19 years) ( Table 3).  Only 11 C. glabrata BSI isolates were submitted from

patients ≤19 years of age.  In contrast to that observed in 1992-2001 for isolates from this age group, 27% of the

current isolates were resistant to fluconazole compared to only 7% of isolates from the earlier time period (63).
This increased resistance may reflect the increased use of fl uconazole p rophylaxis and treatment in these younger

patient groups (12, 27, 49, 5 7, 58).

Whereas the proportion of BSI isolates of Candida that were C. glabrata increased with patient age, the rate of

fluconazole r esistance declined ( Table 3).   Thirty percent of Candida BSI’s in patients ≥60 years of age were due

to C. glabrata; however, only 8% were resistant to fl uconazole c ompared to 18% for those isolates from age

groups 20-59 years (Table 3).  The oldest age group (≥80 years) had the highest proportion of BSI isolates that
were C. glabrata (32%) and the lowest rate of fluconazole resistance (5%).

These results confirm and extend the previous findings that we and others have reported concerning the
increasing prevalence of C. glabrata as a cause of BSI in the U.S. both over time and as a function of patient age

(1, 2, 2 5, 32, 33, 35, 37, 41, 47, 48, 55, 6 3, 68, 89).  The variation in frequency of C. g labrata as a cause of BSI

across clinical services has clearly been shown by Horn et al (35) and by Hachem e t al (32).  Horn et al (35) found

that patients with C. glabrata fungemia were more likely than other patients with candidemia to be older and to
have received a solid organ transplant, whereas Hachem et al (32) found that antifungal prophylaxis with

fluconazole w as a predisposing risk factor for C. g labrata BSI among cancer patients.

Important new findings in this survey are the apparent increase in fluconazole resistance among C. glabrata B SI

isolates from pediatric and adolescent patients as well as the very low rate of fluconazole resistance among BSI

isolates from older patients ( Table 3).  Although earlier studies of fl uconazole p rophylaxis in infant and pediatric

patients have not shown emergence of fluconazole resistance, most were not conducted long enough to
demonstrate such a change (39).

Population-based studies have shown that the highest incidence of C andida BSI occurs at the extremes of age (3,
6, 8, 33, 37, 74, 82, 9 3).  Older individuals are not only at high risk of Candida BSI and associated mortality, but

are also at higher risk of infection with C. glabrata (5, 6, 25, 30, 3 5, 41, 42, 48, 82).  Importantly, in this study we

show that despite a high frequency of C. glabrata B SI, those isolates infecting the older patient age groups are
considerably less likely to exhibit resistance to fluconazole (Table 3).  This may reflect the fact that although older

individuals may have more frequent contact with the healthcare environmen t, they are less likely than younger

individuals to undergo hematologic stem cell transplantation (HSCT) or solid organ transplantation (SOT) and

thus less likely to receive fluconazole prophylaxis (38).  Furthermore, it is now apparent that colonization w ith C.
glabrata is much more common among older individuals irrespective of exposure to the health care environment

(34, 44, 46, 76, 77).  Such colonization likely reflects a change in the ecology of Candida colonization with age

rather than selection by drug exposure (44, 46, 75).  Such colonizing strains are more likely to be fluconazole
naive and thus less likely to have acquired resistance to fluconazole (69).

RESULTS and DISCUSSION,
continued 1. A bi-Said, D., E. A naissie,  O. U zun,  I. Raad, H. Pinzcowski,  and S. V artivarian .   1997.  The epidemiology of h ematogenous candidiasis

caused by different C andida  species.  C lin.  Infect. D is.  24:1122-1128.

2. A lexander, B.D., W.A. Schell, J.L. Miller, G.D. Long, and J.R. Perfect.  2005.  Candida  glabrata fungemia i n transplant patients receiving

voriconazole a fter fl uconazole.   Transplantation 80:868-871.
3. A lmirante, B., D. Rodriquez, B.J. Park, M. Cuenca-Estrella, A.M. Planes, M. Almela,  J. M ensa, F. Sanchez, J. A yats, M. G imenez, P.

Sabolls, S.K. F ridkin, J. Morgan, J.L. Rodriguez-Tudela,  D.W. Warnock, A. P ahissa,  and the Barcelona Candidemia Project Study Group.

2005.  Epidemiology and predictors of mortality in cases of Candida bloodstream infection: results from population-based surveillance,

Barcelona, Spain, from 2002 to 2003.  J. Clin.  M icrobiol. 43:1829-1835.
4. A ntoniadou,  A., H.A. Torres, R.E. Lewis, J. Th ornby, G.P. B odey, J.P. Tarrand,  X.Y. Han, K.V. R olston, A. Safdar,  I.I. R aad,  and D.P.

Kontoyiannis.  2003.  C andidemia i n a tertiary care center: in vitro susceptibility and its association with outcome of initial antifungal

therapy.  Medicine 82:309-321.

5. A rendrup, M.C., K. Fuursted ,  B. Gahrn-Hansen,  I.M. Jensen, J.D. Knudsen, B. Lundgren, H.C. S chonheyder, and M. Tvede.  2005.

Seminational s urveillance of f ungemia i n Denmark: notably high rates of f ungemia a nd numbers of isolates with reduced azole
susceptibility.  J. C lin.  M icrobiol.  43:4434-4440.

6. A rendrup, M.C., K. Fuursted ,  B. Gahrn-Hansen,  H.C. Schonkeyder,  J.D. Knudsen, I.M. Jensen, B. B ruun, J.J. Christensen, and H.K.

Johansen.  2008.  Semi-national surveillance of fungaemia in Denmark 2004-2006: increasing incidence of fungaemia and numbers of

isolates with reduced a zole s usceptibility.  Clin. Microbial. Infect. 14:487-494.

7. A rmstrong-James, D.  2007.  Invasive C andida species infection: the importance of adequate empirical antifungal therapy.  J.
Antimicrob.  C hemother. 60:459-460.

8. A smundsdottir, L.R., H. Erlendsdottir,  and M. G ottfredsson.   2002.  Increasing incidence of c andidemia: results from a 20-year

nationwide study in Ireland.  J. C lin .  M icrobiol.  40:3489-3492.

9. Baddley, J.W., A.M. Smith, S.A. Moser, and P.G. Pappas.  2001.  Trends in frequency and susceptibilities of Candida g labrata
bloodstream isolates at a University Hospital.  D iagn. M icrobiol. Infect. Dis. 39:199-201.

10. Baddley, J.W., M. Patel, S.M. Bhavnani,  S.A. Moser, and D.R. Andes.  2008.  Association of fluconazole pharmacodynamics with

mortality in patients with candidemia.   Antimicrob.  Agents Chemother.  52:3022-3028.

11. Bennett, J.E., K. I zumikawa, and K.A. Marr.  2004.  Mechanism of increased fluconazole resistance in Candida g labrata d uring

prophylaxis.  A ntimicrob.  Agents Chemother.  48:1773-1777.
12. Bilgen,  H., E. O zek, V. K orten, et al.  1995.  Treatment of systemic neonatal candidiasis w ith fl uconazole.  Infection 23:394.

13. Borst, A., M.T. Raimen, D.W. Warnock, et al.  2005.  Rapid acquisition of stable azole r esistance by C andida glabrata  isolates obtained

before the clinical introduction of fl uconazole .   A ntimicrob.  Agents Chemother.  49:783-787

14. Boschman,  C.R., U.R. Bodnar, M.A. T ornatore,  et al.  1998.  Thirteen-years evolution of azole resistance in yeast isolates and prevalence

of resistant strains carried by cancer patients at a large medical center.  Antimicrob .  Agents Chemother.  42:734-738.
15. Bougnoux, M.E., G. Kac, P. A egerter, C. d ’Enfert,  J.Y. Fagen ,  and the C andiRea Study Group.  2008.  Candidemia a nd c andiduria in

critically ill patients admitted to intensive care units in France: incidence, molecular diversity, management and outcome.  Intensive Care

Med. 34:292-299.

16. Brun ,  S., T. B erges, P. P oupard,  et al.  2004.  Mechanism of a zole resistance in petite mutants of C andida glabrata .   Antimicrob .  Agents
Chemother.  48:1788-1796.

17. Chow, J.K., Y. Golan, R. Ruthazer,  A.W. K archmer, Y. Carmeli,  D. Lichtenberg, V. Chawla,  J. Young, and S. Hadley.  2008.  Factors

associated with c andidemia c aused by n on-albicans C andida  species versus C andida a lbicans i n the intensive care unit.  C lin .  Infect. D is.

46:1206-1213.

18. Clancy, C.J., V.L. Yu, A.J. Morris, D.R. S nydman, and M.H. Nguyen.  2005.  F luconazole M IC and the fluconazole dose/MIC ratio
correlate with therapeutic response among patients with candidemia .  A ntimicrob.  Agents C hemother. 49:3171-3177.

19. Clinical and Laboratory Standards Institute.  2008.  Reference method for broth dilution antifungal susceptibility testing of yeasts:

approved standard, 3rd ed., M27-A3.  Clinical and Laboratory Standards Instituted, Wayne, PA.

20. Clinical and Laboratory Standards Institute.  2008.  Reference method for broth dilution antifungal susceptibility testing of yeasts: third

informational supplement, M27-S3.  Clinical and Laboratory Standards Institute, Wayne, PA.
21. Collins, C.D., G.A. Eschenauer, S.L. Salo, and D.W. Newton.  2007.  To test or not to test: a cost minimization analysis of susceptibility

testing for patients with documented Candida g labrata f ungemias.   J. Clin. M icrobiol. 45:1884-1888.

22. Cuenca-Estrella ,  M., D. Rodriquez, B. Almirante,  J. Morgan, A.M. Planes, M. A lmela,  J. M ensa,  F. Sanchez, J. Ayats,  M. G imenez,  M.

Salvado, D.W. Warnock, A. Pahissa,  and J.L. R odriguez-Tudela.   2005.  In vitro susceptibilities of bloodstream isolates of C andida species

to six antifungal agents: results from a population-based active surveillance program, Barcelona, Spain, 2002-2003.  J. Antimicrob.
Chemother.  55:194-199.

23. Cuenca-Estrella ,  M., A. Gomez-Lopez, E. M ellado,  M.J. B uitrago,  A. M onzor,  and J.L. Rodriguez-Tudela.  2006.  Head-to-head

comparison of the activities of currently available antifungal agents against 3,378 Spanish clinical isolates of yeasts and filamentous fungi.

Antimicrob.  Agents Chemother.  50:917-921.
24. da Matta,  D.A., L.P. de Almeida, A.M. Machado, A.C. A zevedo, E.J.U. K usano,  N.F. Travassos,  R. S alomao,  and A.L. Colombo.  2007.

Antifungal susceptibility of 1000 C andida bloodstream isolates to 5 antifungal drugs: results of a m ulticenter study conducted in Sao

Paulo, Brazil, 1995-2003.  D iagn. M icrobiol. Infect. Dis.  57:399-404

25. Diekema,  D.J., S.A. Messer, A.B. B rueggemann,  S.L. Coffman, G.V. Doern,  L.A. Herwaldt,  and M.A. P faller.   2002.  Epidemiology of

candidemia: 3-year results from the Emerging Infections and the Epidemiology of Iowa Organisms study. J. C lin.  M icrobiol.  40:1298-
1302.

26. Diekema,  D.J., S.A. Messer, R.J. Hollis, L. Boyken,  S. T endolkar,  J. K roeger,  R.N. Jones, and M.A. Pfaller.   2009.  A global evaluation of

voriconazole a ctivity tested against recent clinical isolates of C andida  spp.  D iagn.  M icrobiol .  Infect. D is.  63:233-236.

27. Driessen, M., J.B. Ellis, P.A. Cooper, et al.  1996.  F luconazole vs .  a mphotericin B for the treatment of neonatal fungal septicemia: a

prospective randomized trial.  Pediatr.  Infect. D is.  J. 15:1107-1112.
28. Garey,  K.W., M. Rege,  M.P. P ai,  D.E. Mingo, K.J. S uda,  R.S. Turpin, and D.T. Bearden.  2006.  Time to initiation of fl uconazole therapy

impacts mortality in patients with candidemia:  a multi-institutional study.  Clin. Infect. D is. 43:25-31

29. Garey,  K.W., M.P. Pai,  K.J. Suda, R.S. Turpin, M.D. R ege,  D.E. Mingo, and D.R. Bearden.  2007.  Inadequacy of fluconazole dosing in

patients with candidemia b ased on Infectious Disease Society of America ( IDSA) guidelines.  P harmacoepidemiology a nd Drug Safety
16:919-927

30. Gonzalez, G.M., M. E lizondo,  and J. Ayala.  2008.  Trends in species distribution and susceptibility of bloodstream isolates of C andida
collected in Monterey, Mexico to seven antifungal agents: results of a 3-year (2004 to 2007) surveillance study.  J. C lin.  M icrobiol.

46:2902-2905

31. Guery ,  B.P., M.C. Arendrup, G. A uzinger,  E. Azoulay,  M.B. Sa, E.M. Johnson, E. Muller, C. Putensen, C. R otstein, G. S ganga, M. V erditti,
R.Z. Crespo,  and B.J. Kullberg.  2009.  Management of invasive candidiasis and c andidemia in adult n on-neutropenic i ntensive care unit

patients: Part 1.  Epidemiology and diagnosis.  Intensive Care Med. 35:55-62.

32. H achem, R., H. Hanna, D. Kontoyiannis, Y. Jiang ,  and I. R aad.  2008.  The changing epidemiology of invasive c andidiasis:  C andida
glabrata a nd Candida k rusei a s the leading causes of candidemia i n h ematologic malignancy. Cancer  112:2493-2499

33. H ajjeh,  R.A., A.N. S ofair,  L.H. Harrison, G.M. Lyon, B.A. Arthington-Skaggs, S.A. Mirza,  M. Phelan, J. Morgan, W. Lee-Yang, M.A.
Ciblak, L.E. Benjamin, L.T. S anza ,  S. H uie,  S.F. Yeo,  M.E. Brandt, and D.W. Warnock.  2004.  Incidence of bloodstream infections due to

Candida species and in vitro susceptibilities of isolates collected from 1998 to 200 in a population-based surveillance program.  J. C lin.

Microbiol.  42:1519-1527.

34. H edderwick, S.A., J.Y. Wan, S.F. Bradley, J.A. S angeorzan ,  M.S. T erpening,  and C.A. Kauffman.  1998.  Risk factors for colonization with
yeast species in a Veterans Affairs long-term care facility.  J. Am. Geriatr. Soc. 46:849-853.

35. H orn, D.L., D. Neofytos,  E.J. A naissie,  J.A. Fishman, W.J. Steinbach, A.J. O lyaci, K.A. Marr, M.A. P faller, C.H. Chang, and K.M.

Webster.  2009.  Clinical characteristics of 2019 patients with c andidemia: data from the PATH Alliance Registry.  C lin. Infect. Dis.  in

press.

36. H sueh, P.R., Y.L. Lau, Y.C. Chuang,  J.H. Wan, W.K. Huang, J.M. Shyi,  J.J. Yan ,  K.W. Yu, J.J. Wu, W.C. Ko, Y.C. Yang, Y.C. Liu, L.J.
Teng, C.Y. Liu, and K.T. L uh.  2005.  Antifungal susceptibilities of clinical isolates of Candida species, Cryptococcus  neoformans,  and

Aspergillus species from Taiwan: surveillance of m ulticenter antimicrobial resistance in Taiwan program data from 2003.  A ntimicrob.

Agents C hemother. 49:512-517.

37. Kao, A.S., M.E. Brandt, W.R. Pruitt, L.A. Conn,  B.A., Perkins, D.S. Stephens, W.S. Baughman, A.L. R eingold,  G.A. Rothrock,  M.A.

Pfaller,  R.W. P inner, and R.A. Hajjeh .   1999.  The epidemiology of candidemia in two United States cities: results of a population-based
active surveillance. Clin .  Infect. D is.  29:1164-1170.

38. Kauffman, C.A.  2001.  Fungal infections in older adults.  Clin. Infect. Dis. 33:550-555.

39. Kaufman, D., R. Boyle, K.C. Hazen, J.T. P atrie,  M. Robinson, and L.G. Donowitz.  2001.  Fluconazole prophylaxis against fungal

colonization and infection in preterm infants.  N. Engl.  J. Med. 345:1660-1666
40. Klevay,  M.J., E.J. Ernst, J.L. H ollanbaugh,  J.G. Miller, M.A. P faller, and D.J. D iekema.  2008.  Therapy and outcome of Candida glabrata

versus C andida a lbicans b loodstream infection.  D iagn .  M icrobiol.  Infect. D is. 60:273-277.

41. Klevay,  M.J., D.L. Horn, D. Neofytos ,  M.A. Pfaller,  and D.J. D iekema.   2009.  Initial treatment and outcome of C andida glabrata  v ersus

C. albicans b loodstream infection. D iagn.  M icrobiol .  Infect. D is.  in press.

42. Laupland,  K.B., D.B. G regson,  D.L. Church, T. Ross, and S. E lsayed.  2005.  Invasive Candida  species infections: a 5 year population-
based assessment.  J. Antimicrob.  C hemother.   56:532-537.

43. Lee, I., N.O. Fishman, T.E. Z aoutis, K.H. Morales, M.G. Weiner, M. S ynnestvedt, I. Nachamkin,  E. Lautenbach.   Risk factors for

fluconazole-resistant C . g labrata b loodstream infections.  Arch Intern Med 2009;169:379-83.

44. Li, L., S. Redding, and A. D ongari-Bagtzoglou.   2007.  Candida g labrata, an emerging oral opportunistic pathogen.  J. Dent. Res. 86:204-

215.
45. Lichtenstein, C., T.H. Nguyen, P. S chemm, T. H oppe-Tichy,  and M.A. W eigand.   2008.  Efficacy of caspofungin in invasive c andidiasis

and candidemia— d e-escalation strategy.  Mycoses 51(Suppl. 1):35-46.

46. Lockhart, S.R., S. J oly,  K. Vargas, J. Swails-Wenger, L. E nger,  and D.R. Soll.  1999.  Natural defenses against C andida colonization break

down in the oral cavities of the elderly.  J. Dent. Res. 78:857-868.

47. M agill,  S.S., C. Shields, C.L. Sears, M. C hoti,  and W.G. Merz.   2006.  Triazole c ross-resistance among C andida s pp. : case report,
occurrence among bloodstream isolates, and implications for antifungal therapy.  J. Clin. M icrobiol. 44:529-535.

48. M alani,  A., J. H moud, L. Chiu, P.L. Carver, A. B ielaczyc,  and C.A. Kauffman.  2005.  C andida glabrata fungemia :  experience in a tertiary

care center.  C lin.  Infect. Dis.  41:975-981.

49. M anzoni,  P., I. S tolfi, L. P ugni, et al.  2007.  A m ulticenter, randomized trial of prophylactic fl uconazole in preterm neonates.  N. E ngl. J.
Med. 356:2483-2495.

50. M arichal,  P., H. V anden Bossche ,  F.C. Odds, et al.  1997.  Molecular biological characterization of an azole-resistant Candida g labrata
isolate.  Antimicrob .  Agents Chemother.  41:2229-2237.

51.  Marr, K.A., K. Seidel, T.C. White, and R.A. Bowden.  2000.  C andidemia in a llogeneic b lood and marrow transplant recipients: evolution
of risk factors after the adoption of prophylactic fl uconazole.  J. Infect. D is .  181:309-316.

52. M orrell, M., V.J. Fraser, and M.J. K ollef.  2005.  Delaying empiric treatment of Candida bloodstream infection until positive blood

culture results are obtained: a potential risk factor for mortality.  A ntimicrob. Agents C hemother.  49:3640-3645.

53. N guyen, M.H., J.E. Peacock, Jr. , A.J. Morris, et al.  The changing face of candidemia :  emergence of non-Candida a lbicans species and
antifungal resistance.  Am. J. Med. 100:617-623.

54. O strosky-Zeichner,  L, J.H. Rex, P.G. Pappas, R.J. Hamill, R.A. Lassen, H.W. Horowitz, W.G. Powderly,  N. H yslop, C.A. Kauffman, J.

Cleary, J.E. Mangeno,  and J. Lee.  2003.  Antifungal susceptibility survey of 2000 bloodstream Candida isolates in the United States.

Antimicrob.  Agents Chemother.  47:3149-3154.

55. P anackal, A.A., J.L. G ribskov,  J.F. S taab,  K.A. Kirby, M. R inaldi, and K.A. Marr.  2006.  Clinical significance of a zole antifungal drug
cross-resistance in Candida g labrata .   J. Clin. M icrobiol. 44:1740-1743.

56. P appas, P.G.  2008.  The patient with candidemia:  treatment choices and algorithms.  C urr. Fungal. Infect. Reports 2:112-119.

57. P appas, P.G., C.A. Kauffman, D. Andes, D.K. Benjamin, T.F. Calandra, J.E. Edwards, S.G. Filler, J.F. Fisher, B.J. Kullberg, L. O strosky-

Zeichner, A.C. R eboli, J.H. Rex, T.J. Walsh, and J.D. Sobel. 2009. Clinical practice guidelines for the management of c andidiasis:  2009

update by the Infectious Diseases Society of America.  C lin. Infect. Dis.   48:503-35.
58. P appas, P.G., J.H. Rex, J.D. Sobel, S.G. Filler, W.E. Dismukes,  T.J. Walsh, and J.E. Edwards for the Infectious Diseases Society of America.

2004.  Guidelines for the treatment of c andidiasis.   C lin. Infect. Dis.  38:161-189.

59. P arkins ,  M.D., D.M. S abuda,  S. E lsayed, and K.B. Laupland.   2007.  Adequacy of empirical antifungal therapy and effect on outcome

among patients with invasive Candida species infections.  J. Antimicrob.  C hemother.  60:613-618.

60. P asqualotto,  A.C., R.A. Z imerman,  S.H. Alves,  V.R. Aquino, D. B ranco, D. Wiltgen,  A. do A maral, R. C echinel,  S.M. Colares,  I.G. d a
Rocha, L.C. S evero,  and T.C.T. Sukiennik.   2008.  Take control over your fl uconazole p rescription: the growing importance of Candida

glabrata as an agent of candidemia i n Brazil.  Infect. Control Hosp. Epidemiol. 29:898-899.

61. P erlroth, J., B. C hoi,  and B. Spellberg.  2007.  N osocomial fungal infections: epidemiology, diagnosis, and treatment.  Med. M ycol.

45:321-346.
62. P faller,  M.A., S.A. Messer, R.J. Hollis, R.N. Jones, G.V. Doern,  M.E. Brandt, and R.A. H ajjeh.  1999.  Trends in species distribution and

susceptibility to fluconazole a mong blood stream isolates of Candida species in the United States.  Diagn. Microbiol. Infect. Dis.  33:217-

222.

63. P faller,  M.A., S.A. Messer, L. B oyken, S. Tendolkar, R.J. Hollis, and D. J. Diekema.   2003.  Variation in susceptibility of bloodstream

isolates of Candida g labrata to fl uconazole a ccording to patient age and geographic location.  J. C lin.  M icrobiol.  41:2176-2179.
64. P faller,  M.A., S.A. Messer, L. B oyken, S. Tendolkar, R.J. Hollis, and D.J. D iekema.  2004.  Geographic variation in the susceptibilities of

invasive isolates of Candida glabrata to seven systemically active antifungal agents; a global assessment from the ARTEMIS Antifungal

Surveillance Program conducted in 2001 to 2002.  J. C lin.  M icrobiol .  42:3142-3146.

65. P faller,  M.A., and D.J. Diekema.   2004.  Twelve years of fl uconazole i n clinical practice: global trends in species distribution and

fluconazole susceptibility of bloodstream isolates of Candida.  Clin. M icrobiol. Infect. 10(S uppl.  1):11-23.
66. P faller,  M.A., D.J. Diekema, and D.J. Sheehan.  2006.  Interpretive breakpoints for fl uconazole a nd Candida revisited: a blueprint for the

future of antifungal susceptibility testing.  C lin .  M icrobiol.  Rev. 19:435-447.

67. P faller,  M.A., D.J. Diekema, J.H. Rex, A. Espinel-Ingroff ,  E.M. Johnson, D. Andes, V. C haturvedi,  M.A. G hannoum ,  F.C. Odds, M.G.

Rinaldi,  D.J. Sheehan, P. T roke, T.J. Walsh, and D.W. Warnock.  2006.  Correlation of MIC with outcome for Candida species testing
against v oriconazole: analysis and proposal for interpretive breakpoints.  J. C lin .  M icrobiol .  44:819-826.

68. P faller,  M.A, and D.J. D iekema.  2007.  Epidemiology of invasive candidiasis: a persistent public health problem.  C lin. M icrobiol.  Rev.

20:133-163.

69. P faller,  M.A. and D.J. D iekema.  2007.  A zole a ntifungal drug cross-resistance: mechanisms, epidemiology, and clinical significance.  J.

Invasive Fungal Infect. 1:74-92.
70. P faller,  M.A., S.A. Messer, L. B oyken, C. Rice, S. T endolkar ,  R.J. Hollis, and D.J. Diekema.   2007.  Use of fl uconazole as a surrogate

marker to predict susceptibility and resistance to v oriconazole among 13,338 clinical isolates of Candida spp. tested by Clinical and

Laboratory Standards Institute-recommended broth m icrodilution m ethods.  J. C lin.  Microbial. 45:70-75.

71. P faller,  M.A., D.J. Diekema, D.L. Gibbs, V.A. Newell, J.F. M eis, I.M. Gould, W. Fu, A.L. Colombo, and E. Rodriguez-Noriega for the

Global Antifungal Surveillance Study.  2007.  Results from the ARTEMIS DISK Global Antifungal Surveillance Study, 1997 to 2005: an
8.5-year analysis of susceptibilities of Candida species and other yeast species to fl uconazole a nd voriconazole d etermined by C LSI

standardized disk diffusion testing.  J. C lin.  M icrobiol.  45:1735-1745.

72. P faller,  M.A., L. Boyken,  R.J. Hollis, J. K roeger,  S.A. Messer, S. Tendolkar, and D.J. D iekema.  2008.  In vitro susceptibility of invasive

isolates of Candida s pp.  to a nidulafungin, caspofungin, and micafungin: six years of global surveillance. J. Clin. M icrobiol. 46:150-156.
73. P faller,  M.A., D.J. Diekema, L. O strosky-Zeichner,  J.H. Rex, B.D. Alexander, D. Andes, S.D. Brown, V. Chaturvedi,  M.A. Ghannoum,

L.L. Knapp, D.J. Sheehan, and T.J. Walsh.  2008.  Correlation with MIC with outcome for Candida species tested against caspofungin,

anidulafungin,  and m icafungin:  analysis and proposal for interpretive MIC breakpoints.  J. C lin. M icrobiol.  46:2620– 2629.

74. P oikonen,  E., O. L yytikainen,  V.J. A rttila ,  and P. Ruutu .   2003.  C andidemia in Finland, 1995-1999.  E merg.  Infect. D is.  9:352-356

75. Q i,  Q.G., T. H u, and X.O. Zhou.  2005.  Frequency, species and molecular characterization of oral Candida in hosts of different age in
China.  J. Oral. Pathol.  Med. 34:352-356.

76. R edding, S.W., W.R. Kirkpatrick, B.J. Coco, L. S adkowski ,  A.W. Fothergill, M.G. R inaldi,  T.Y. Eng, and T.G. Patterson.  2002.  Candida

glabrata oropharyngeal candidiasis i n patients receiving radiation treatment for head and neck cancer.  J. C lin.  M icrobiol.  40:1879-1881.

77. R edding, S.W., W.R. Kirkpatrick, S. S arille,  B.J. Coco, W. White, A. Fothergill, M. Rinaldi, T. Eng, T.F. Patterson, and J. Lopez-Ribot .

2003.  Multiple patterns of resistance to fl uconazole i n Candida glabrata i solates from a patient with o ropharyngeal candidiasis receiving
head and neck radiation.  J. Clin.  M icrobiol. 41:619-622.

78. R ees, J.R., R.W. P inner, R.A. H ajjeh, M.E. Brandt, and A.L. R eingold.  1998.  The epidemiological features of invasive mycotic infections

in the San Francisco Bay Area, 1992-1993: results of a population-based laboratory active surveillance.  Clin. Infect. Dis. 27:1138-1147.

79. R ex, J.H., and M.A. P faller.  2002.  Has antifungal susceptibility testing come of age?  C lin. Infect. Dis.  35:982-989.
80. R iddell, J., IV, and C.A. Kauffman.  2008.  The evolution of resistant Candida species in cancer centers: implications for treatment and

prophylaxis.  Cancer 112:2334-2337.

81. R uan,  S.Y., L.N. Lee, J.S. J erng,  C.J. Yu, and P.R. H sueh.  2008.  Candida glabrata fungaemia in intensive care units.  C lin.  M icrobiol.

Infect. 14:136-140.

82. S andven,  P., L. B evanger ,  A. D igranes, H.H. H aukland,  T. M annsaker,  P. Gaustad,  and the Norwegian Yeast Study Group.  2006.
Candidemia in Norway (1991 to 2003): results from a nationwide study.  J. C lin .  M icrobiol.  44:1977-1981.

83. S anglard ,  D., F. Ischer, D. Calabrese, et al.  1999.  The ATP binding cassette transporter gene C gCDR1 f rom Candida g labrata is involved

in the resistance of clinical isolates to azole antifungal agents.  A ntimicrob. Agents C hemother.  43:2753-2765.

84. S anguinetti,  M., B. Posteraro, B. Fiori ,  S. R anno,  R. T orelli, and G. F adda.   2005.  Mechanisms of azole r esistance in clinical isolates of

Candida g labrata c ollected during a hospital survey of antifungal resistance.  A ntimircob. Agents C hemother .  49:668-679.
85. S endid,  B., A. Cotteau,  N. Francois, A. D’H aveloose,  A. S tandaert,  D. Camus,  and D. P oulain .   2006.  C andidaemia and antifungal

therapy in a French University Hospital: rough trends over a decade and possible links.  BMC Infect. D is.  6:80-89.

86. S pellberg,  B.J., S.G. Filler, and J.E. Edwards, Jr.   2006.  Current treatment strategies for disseminated c andidiasis.   C lin. Infect. Dis.

42:244-251.

87. T an, T.Y., A.L. Tan, N.W.S. Tee, and L.S.Y. Ng.  2008.  A retrospective analysis of antifungal susceptibilities of Candida bloodstream
isolates from Singapore Hospitals.  Ann. A cad. Med. Singapore 37:835-840.

88. T ortorano,  A.M., C. Kibbler,  J. P eman,  H. B ernhandt, L. K lingspor,  and R. G rillot.   2006.  Candidaemia in Europe: epidemiology and

resistance.  I nt.  J. A ntimicrob. Agents 27:359-366.

89. T rick, W.E., S.K. F ridkin, J.R. Edwards, R.A. H ajjeh, R.P. Gaynes,  and the National N osocomial Infections Surveillance System Hospitals.
2002.  Secular trend of hospital-acquired c andidemia among intensive care unit patients in the United States during 1989-1999.  Clin.

Infect. Dis.  35:622-630.

90. W ilson, A.G., S.T. Micek, and D.J. Ritchie.  2005.  A retrospective evaluation of fl uconazole f or the treatment of Candida g labrata

fungemia .   C lin. Ther. 27:1228-1237.

91. X ess ,  I., N. Jain, F. H asan, P. M andal,  and U. B aneyie.   2007.  Epidemiology of   c andidemia in a tertiary care centre of North India: 5-year
study.  Infection 35:256-259.

92. Y ang, Y.L., H.H. Chang, H.J. Lo, and the TSARY H ospitals.  2006.  Distribution and antifungal susceptibility of Candida species isolated

from different age population in Taiwan.  Med. M ycol.  44:237-242.

93. Z ilberberg, M.D., A.F. S horr, and M.H. K ollef.  2008.  Secular trends in c andidemia-related hospitalization in the United States, 2000-

2005.  Infect. Control Hosp. E pidmiol.  29:978-980.

Table 1. Temporal and Geographic Trends in the Frequency of Isolation and 
Fluconazole Resistance Among Bloodstream Infection (BSI) Isolates of 
Candida glabrata in the United States 

C. glabrata  
 
Region 

 
 
Time Period 

Total no. 
of Candida 
BSI isolates 

% of 
total 

%  resistant  to 
fluconazole 

West 1992-2001a 700 17 7 
 2001-2007 61 34 10 
Midwest 1992-2001a 678 23 7 
 2001-2007 1,420 28 12 
Northeast 1992-2001a 819 21 11 
 2001-2007 897 19 17 
South 1992-2001a 1,486 15 11 
 2001-2007 619 21 11 
Total 1992-2001a 3,683 18 9 
 2001-2007 2,536 25b 14c 

 

aData compiled from Pfaller et al (63) 
bp<0.001 for increase in proportion of all Candida that were C. glabrata between 
92-01 and 01-07. 
cp=0.006 for increase in proportion of all C. glabrata that were fluconazole 
resistant, between 92-01 and 01-07. 
 

Table 2. Regional Variation in Susceptibility of BSI Isolates of Candida glabrata to 
Azoles and Echinocandins, 2001-2007 

 
MIC (μg/ml)a 

% by 
categoryb 

Region Antifungal 
agent 

No. 
tested 

Range 50% 90% S R 

West Fluconazole 21 2->128 8 16 76 10 
 Voriconazole 21 0.06-8 0.25 0.5 91 5 
 Caspofungin 21 0.03-0.12 0.03 0.06 100 0c 

Midwest Fluconazole 368 1->128 8 64 61 12 
 Voriconazole 368 0.015-8 0.25 2 90 7 
 Anidulafungin 200 0.015-0.5 0.06 0.12 100 0c 
 Caspofungin 345 0.015-4 0.03 0.06 99 0.3c 
 Micafungin 178 0.007-0.12 0.015 0.015 100 0c 

Northeast Fluconazole 162 0.5->128 16 128 46 17 
 Voriconazole 161 0.015->8 0.25 2 85 10 
 Anidulafungin 78 0.015-0.25 0.06 0.12 100 0c 
 Caspofungin 160 0.015-0.5 0.03 0.06 100 0c 
 Micafungin 75 0.007-0.06 0.015 0.015 100 0c 

South Fluconazole 120 1->128 8 64 54 11 
 Voriconazole 120 0.007-8 0.25 2 89 11 
 Anidulafungin 45 0.03-0.25 0.06 0.12 100 0c 
 Caspofungin 118 0.015-0.5 0.03 0.25 100 0c 
 Micafungin 29 0.007-0.25 0.015 0.03 100 0c 
a50% and 90%, MICs encompassing 50% and 90% of isolates tested. 
bS, susceptible; R, resistant. Breakpoints from CLSI document M27-S3. 
cIsolates with echinocandin MICs >2 μg/ml are considered non-susceptible. 
 

Table 3. Frequency of Isolation and Fluconazole Resistance of 
BSI Isolates of Candida glabrata by Patient Age Group  

C. glabra t a   
Patient age  
group (yrs) 

Total no. 
of Candida  

BSI isolates (%)a
 

No. tested 
(% of total)b

 

% resistant 
to fluconazole 

< 1  21 (0.8) 1 (5) 0  

1 - 9  103 (4.1) 4 (4) 2 5  

10-19  70 (2.8) 6 (9) 3 3  

20-29  128 (5.0) 25 (20) 2 8  

30-39  184 (7.3) 32 (17) 2 2  

40-49  372 (14.7) 80 (22) 2 3  

50-59  483 (19.0) 146 (30) 1 4  

60-69  481 (18.9) 141 (29) 9  

70-79  449 (17.7) 128 (29) 8  

>8 0  245 (9.7) 79 (32) 5  

All ages 2,536 (100) 642 (25) 1 4  

a% of total BSI isolates. 
b% of BSI isolates in each age group. 
 


