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Emergence of Resistant Candida in Neutropenic Patients
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Problems with resistance to antifungal drugs have emerged due to an increase in the incidence
of systemic fungal infections and widespread use of antifungal agents. Accordingly, efforts have
been made to develop adequate fungal susceptibility tests. The ideal test should have high intra and
inter-laboratory reproducibility, good correlation with the clinical outcome, and should be easy to
perform. While no such test has yet been developed, advances have been made. Over the past
decade, many reports of fungal resistance have been published, most of them in AIDS patients.
Though the frequency of resistant strains is still low in neutropenic cancer patients, and is
mostly limited to Candida glabrata and Candida krusei, resistance to Candida albicans has also
been reported.
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The incidence of systemic fungal infections has
increased dramatically over the past 20 years [1].
Therapy for such infections has been difficult, because
of the limited number of available antifungal agents. After
the introduction of the azoles, which have a high oral
bioavailability and a low incidence of side effects, a
new era in the treatment of fungal infections begun.
Indeed, fluconazole has proven highly effective in many
clinical situations, such as oral and esophageal
candidiasis in AIDS patients [2], systemic fungal
infections in bone marrow [3] and liver transplant
recipients [4], cryptococcosis [5,6] and candidemia
[7,8]. However, in the case of oral candidiasis in AIDS
patients, although the efficacy rate is very high, relapse
frequently occurs. Therefore, many AIDS patients
receive fluconazole for long periods of time. This

scenario has favored the development of resistance,
and many reports of treatment failure have been
published over the past decade [9-16]. Efforts have
been made to standardize antifungal susceptibility tests
for fungi. In this review, we will focus on the limitations
of the tools for assessing antifungal susceptibility, and
the magnitude of this problem in neutropenic cancer
patients.

Antifungal susceptibility tests

Resistance is a concept derived from an in vitro
phenomenon that, theoretically, is associated with
clinical failure, whereas susceptibility would indicate
efficacy. However, this is not necessarily true, and in
fact, besides in vitro antifungal resistance, there are
many reasons for treatment failure. For instance, in the
treatment of fungal infections in neutropenic patients,
bone marrow recovery is a strong predictor of efficacy,
regardless of whether the strain is susceptible or
resistant [17-19]. Likewise, breakthrough candidemia,
an increasingly reported phenomenon, seems not to
be associated with resistant strains, but with the
compromised immune status of the host [20]. Other
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possible reasons for efficacy failure include infection in
non-vascular sites (abscesses, catheters, and
prosthesis), poor absorption, and fast elimination or
metabolization of the antifungal drug.

Since host factors are often much more important
than drug susceptibility, susceptibility does not
necessarily predict success. However, susceptibility
tests would still be clinically useful if a lack of in
vitro susceptibility was correlated with treatment
failure. In addition, the test should be reproducible.
Over the past decade, many methods have been
developed, including disk diffusion methods [21],
E-test [22], colorimetric methods [23], and broth
macro and microdilution methods [24]. The broth
macro and microdilution test is the NCCLS (National
Committee for Clinical Laboratory Standards)
reference method, and provides over 90%
intralaboratory and interlaboratory reproducibility
[25,26]. Interpretative break points have been
established for azoles, based mainly on the analysis
of the outcome of oropharyngeal candidiasis in AIDS
patients [27]. Therefore, in the case of the azoles, a
major limitation for the clinical usefulness of an
antifungal susceptibility test is the very limited amount
of data on the correlation between MICs and the
outcome in invasive candidiasis, especially in
neutropenic patients. Likewise, this method remains
to be validated for other antifungal agents, including
amphotericin B. The correlation between in vitro
susceptibility tests for amphotericin B and the
outcome in candidemia was assessed using the
NCCLS method [28]. Among 105 candidemic
episodes, 33 had microbiological failure, defined as
persistence of Candida in the bloodstream after 3
days of amphotericin B treatment. The correlation
between MIC and failure was poor. This was mainly
because the MIC range was very narrow (0.06 – 2
µg/mL). A resistance breakpoint of =1 µg/mL was
suggested.

Although reproducible, the NCCLS standardized
method is cumbersome. Thus, alternatives to this
method have been sought. Overall, disk diffusion and
E-test are effective in identifying susceptible strains.
However, these methods do not adequately discriminate

between resistant and intermediate or dose-dependent
strains. Therefore, they may be useful as screening tests,
but confirmation of resistant strains should be made
with the NCCLS method.

Antifungal resistance in clinical practice

The first reports of antifungal resistance occurred in
patients with mucocutaneous candidiasis treated with
ketoconazole [29], but since the AIDS epidemic began,
this problem has gained great clinical relevance. The
typical background for the development of azole
resistance is the prolonged and repeated use of
fluconazole for the management of oral and esophageal
candidiasis in AIDS patients with low CD4+ cell counts
[30]. Patients initially infected by susceptible strains of
Candida albicans subsequently developed infection
by the same genotype of C. albicans, but with high
MICs. Another pattern of resistance is the acquisition
of infection due to azole-resistant non-albicans species,
such as Candida krusei and Candida glabrata [31].
However, during the late 90s, the introduction of highly
effective antiretroviral therapy exerted a tremendous
impact on the natural history of HIV infection and its
complications. Indeed, the incidence of opportunistic
infections, including oropharyngeal candidiasis due to
resistant strains has decreased significantly.

Outside the setting of oropharyngeal candidiasis in
AIDS patients, reports of infection by resistant strains
have become more frequent. With the widespread use
of azoles, especially fluconazole, for prophylaxis in
neutropenic cancer patients, this problem has gained
increased significance. A phenomenon that has been
increasingly reported among patients receiving
fluconazole is the shift from highly susceptible to less-
susceptible species of Candida. Epidemiological
studies performed in patients with cancer and fungemia
have shown that while the number of cases caused by
Candida albicans has decreased, the frequency of
infection due to Candida krusei and Candida
glabrata has increased substantially [32-35]. While
C. krusei is considered resistant to fluconazole, the
MIC values of fluconazole for the C. glabrata isolates
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are variable, but are much higher than those reported
for C. albicans, Candida tropicalis and Candida
parapsilosis.

This increase in the incidence of infection due to
less-susceptible Candida species has been attributed
to the widespread use of fluconazole. For instance, in
a large prospective survey conducted in European
institutions, antifungal prophylaxis was a strong
predictor for non-albicans candidemia [35]. In another
prospective study, 349 Candida isolates obtained from
colonization and systemic infections were analyzed
[36]. Resistance to fluconazole was observed in 3.4%
of C. albicans isolates and in 30.7% of C. glabrata
isolates. Only 2 strains (C. glabrata and C. krusei)
were resistant to amphotericin B (MIC =1 µg/mL). In
this study, previous azole exposure was associated with
the isolation of azole-resistant C. albicans strains, but
this association was not observed with C. glabrata.

The influence of fluconazole use on the development
of azole resistance was further evaluated in 585 bone
marrow transplant recipients [37]. Weekly mouthwash
samples were obtained, and yielded Candida in 256
patients. While C. albicans was the most frequent
species obtained before fluconazole exposure, the
majority of patients who were colonized by C. glabrata
and C. krusei had received fluconazole for a median
of 36 days. Ninety-nine percent of C glabrata isolates
were resistant to fluconazole. Among 30 candidemias
occurring during fluconazole prophylaxis, 14 were
caused by C. glabrata, 6 were due to C. krusei, and
2 were due to C. albicans, and all strains were highly
resistant to fluconazole. C. albicans strains that acquire
resistance after exposure to fluconazole have been
reported by other authors [38], but as shown in other
studies [36,39,40], this seems to be rare.

The development of candidemia during antifungal
treatment (breakthrough candidemia) is another
phenomenon that can be associated with infection due
to resistant strains. During the past decade, reports of
the occurrence of breakthrough candidemia have been
published [20,41-45]. Unfortunately, in the majority
of such reports no information on the MICs was
provided. In a recent study of 29 breakthrough
candidemias occurring among 270 candidemias, MICs

were obtained from all patients [46]. The MIC 50s for
fluconazole and amphotericin B were similar in
breakthrough and non-breakthrough candidemias.
Furthermore, the frequency of strains with high MICs
in the entire cohort was very low (4 patients with
amphotericin B MIC =2, and 4 patients with
fluconazole MIC ≥64). Therefore, it seems that in most
cases, breakthrough candidemia is not related to the
development of infection due to resistant strains.

In Brazil, antifungal susceptibility tests of 200
bloodstream isolates of Candida were performed using
the NCCLS method [47]. Cancer was the most
frequent underlying disease, accounting for 33% of
cases, and about 50% of these were neutropenic. The
incidence of fluconazole resistance was 2.5%, and
resistance was limited to C. krusei and C. glabrata
isolates. Data from an epidemiological study conducted
by the same authors showed that the incidence of these
two species was low [48]. The low incidence of resistant
strains was attributed to the infrequent use of
fluconazole in these Brazilian hospitals.

In summary, during the past decade, fluconazole has
been extensively used in neutropenic patients. This has
resulted in a marked decrease in the incidence of
invasive candidiasis, especially in allogeneic bone
marrow transplants. However, this was accompanied
by a shift from highly susceptible to less susceptible
Candida species, by a process of selection. Indeed,
C. glabrata has emerged as an important pathogen,
causing fungemia in many countries. In addition,
resistance has also emerged as a result of the acquisition
of resistance in otherwise susceptible Candida species,
but at a much smaller magnitude. Finally, the limitations
of the present methods for assessing antifungal
susceptibility hamper any conclusion about resistance
to amphotericin B and preclude their use for therapy
guidance in the clinical setting.

References

1. Beck-Sague C., Jarvis W.R. Secular trends in the
epidemiology of nosocomial fungal infections in the
United States, 1980-1990. National Nosocomial Infections
Surveillance System. J.Infect.Dis. 1993;167:1247-51.

Candida Resistance in Neutropenic Patients



BJID 2002; 6 (June) 127

www.infecto.org.br/bjid.htm

2. De Wit S., Urbain D., Rahir F., et al. Efficacy of oral fluconazole
in the treatment of AIDS associated oesophageal
candidiasis. Eur J Clin Microbiol Infect Dis 1991;10:503-5.

3. Marr K.A., Seidel K., Slavin M.A., et al. Prolonged fluconazole
prophylaxis is associated with persistent protection against
candidiasis-related death in allogeneic marrow transplant
recipients: long-term follow-up of a randomized, placebo-
controlled trial. Blood 2000;96:2055-61.

4. Winston D.J., Pakrasi A., Busuttil R.W. Prophylactic
fluconazole in liver transplant recipients. A randomized,
double-blind, placebo-controlled trial. Ann Intern Med
1999;131:729-37.

5. Saag M.S., Cloud G.A., Graybill J.R., et al. A comparison
of itraconazole versus fluconazole as maintenance
therapy for AIDS-associated cryptococcal meningitis.
National Institute of Allergy and Infectious Diseases
Mycoses Study Group. Clin Infect Dis 1999;28:291-6.

6. Menichetti F., Fiorio M., Tosti A., et al. High-dose
fluconazole therapy for cryptococcal meningitis in
patients with AIDS. Clin Infect Dis 1996;22:838-40.

7. Rex J.H., Bennett J.E., Sugar A.M., et al . A randomized
trial comparing fluconazole with amphotericin B for the
treatment of candidemia in patients without
neutropenia. Candidemia Study Group and the National
Institute. N Engl J Med 1994;331:1325-30.

8. Phillips P., Shafran S., Garber G., et al. Multicenter
randomized trial of fluconazole versus amphotericin B
for treatment of candidemia in non-neutropenic patients.
Canadian Candidemia Study Group. Eur J Clin Microbiol
Infect Dis 1997;16:337-45.

9. Dewsnup D.H., Stevens D.A. Efficacy of oral amphotericin
B in AIDS patients with thrush clinically resistant to
fluconazole. J Med Vet Mycol 1994;32:389-93.

10. Redding S., Smith J., Farinacci G., et al. Resistance of
Candida albicans to fluconazole during treatment of
oropharyngeal candidiasis in a patient with AIDS:
documentation by in vitro susceptibility testing and
DNA subtype analysis. Clin Infect Dis 1994;18:240-2.

11. Vuffray A., Durussel C., Boerlin P., et al. Oropharyngeal
candidiasis resistant to single-dose therapy with
fluconazole in HIV-infected patients. AIDS 1994;8:708-9.

12. Sangeorzan J.A., Bradley S.F., He X., et al. Epidemiology
of oral candidiasis in HIV-infected patients:
colonization, infection, treatment, and emergence of
fluconazole resistance. Am J Med 1994;97:339-46.

13. Lyon R., Woods G. Comparison of the BacT/Alert and
Isolator blood culture systems for recovery of fungi.
Am J Clin Pathol 1995;103:660-2.

14. Revankar S.G., Kirkpatrick W.R., McAtee R.K., et al. A
randomized trial of continuous or intermittent therapy with
fluconazole for oropharyngeal candidiasis in HIV-infected
patients: clinical outcomes and development of
fluconazole resistance. Am J Med 1998;105:7-11.

15. Saag M.S., Fessel W.J., Kaufman C.A., et al. Treatment of
fluconazole-refractory oropharyngeal candidiasis with
itraconazole oral solution in HIV-positive patients. AIDS
Res Hum Retroviruses 1999;15:1413-7.

16. Fichtenbaum CJ, Koletar S, Yiannoutsos C, et al.
Refractory mucosal candidiasis in advanced human
immunodeficiency virus infection. Clin Infect Dis
2000;30:749-56.

17. Nucci M., Silveira M.I., Spector N., et al. Risk factors for
death among cancer patients with fungemia.
Clin.Infect.Dis. 1998;27:107-11.

18. Anaissie E.J., Rex J.H., Uzun O., Vartivarian S. Predictors
of adverse outcome in cancer patients with candidemia.
Am J Med 1998;104:238-45.

19. Uzun O., Anaissie E.J. Predictors of outcome in cancer
patients with candidemia. Ann Oncol 2000;11:1517-21.

20. Uzun O., Ascioglu S., Anaissie E.J., Rex J.H. Risk factors
and predictors of outcome in patients with cancer and
breakthrough candidemia. Clin Infect Dis
2001;32:1713-7.

21. Kirkpatrick W.R., Turner T.M., Fothergill A.W., et al.
Fluconazole disk diffusion susceptibility testing of
Candida species. J Clin Microbiol 1998;36:3429-32.

22. Colombo A.L., Barchiesi F., McGough D.A., et al.
Evaluation of the E test system versus a microtitre broth
method for antifungal susceptibility testing of yeasts
against fluconazole and itraconazole. J Antimicrob
Chemother 1995;36:93-100.

23. Li R.K., Elie C.M., Clayton G.E., Ciblak M.A. Comparison
of a new colorimetric assay with the NCCLS broth
microdilution method (M-27A) for antifungal drug MIC
determination. J Clin Microbiol 2000;38:2334-8.

24. National Committee for Clinical Laboratory Standards.
Reference method for broth dilution. Antifungal
susceptibility testing of yeasts; Approved Standard.
Document M27-A 1997;17:1-29.

25. Espinel-Ingroff A., Kerkering T.M., Goldson P.R., Shadomy
S. Comparison study of broth macrodilution and
microdilution antifungal susceptibility tests. J Clin
Microbiol  1991;29:1089-94.

26. Fromtling R.A., Galgiani J.N., Pfaller M.A., et al.
Multicenter evaluation of a broth macrodilution
antifungal susceptibility test for yeasts. Antimicrob
Agents Chemother 1993;37:39-45.

27. Rex J.H., Pfaller M.A., Galgiani J.N., et al. Development
of interpretive breakpoints for antifungal susceptibility
testing: conceptual framework and analysis of in vitro-
in vivo correlation data for fluconazole, itraconazole,
and candida infections. Subcommittee on Antifungal
Susceptibility Testing of the National Committee for
Clinical Laboratory Standards. Clin Infect Dis
1997;24:235-47.

Candida Resistance in Neutropenic Patients



128 BJID 2002; 6 (June)

www.infecto.org.br/bjid.htm

28. Nguyen M.H., Clancy C.J., Yu V.L., et al. Do in vitro
susceptibility data predict the microbiologic response
to amphotericin B? Results of a prospective study of
patients with Candida fungemia. J Infect Dis
1998;177:425-30.

29. Horsburgh C.R.Jr., Kirkpatrick C.H. Long-term therapy of
chronic mucocutaneous candidiasis with ketoconazole:
experience with twenty-one patients. Am J Med
1983;74:23-9.

30. Ruhnke M., Eigler A., Tennagen I., et al. Emergence of
fluconazole-resistant strains of Candida albicans in
patients with recurrent oropharyngeal candidosis and
human immunodeficiency virus infection. J Clin
Microbiol 1994;32:2092-8.

31. Redding S.W., Kirkpatrick W.R., Dib O., et al. The
epidemiology of non-albicans Candida in
oropharyngeal candidiasis in HIV patients. Spec Care
Dentist 2000;20:178-81.

32. Wingard J.R., Merz W.G., Rinaldi M.G., et al. Increase in
Candida krusei infection among patients with bone
marrow transplantation and neutropenia treated
prophylactically with fluconazole. N Engl J Med
1991;325:1274-7.

33. Wingard J.R., Merz W.G., Rinaldi M.G., et al. Association
of Torulopsis glabrata infections with fluconazole
prophylaxis in neutropenic bone marrow transplant
patients. Antimicrob Agents Chemother
1993;37:1847-9.

34. Abi-Said D., Anaissie E., Uzun O., et al. The epidemiology
of hematogenous candidiasis caused by different
Candida species. Clin Infect Dis 1997;24:1122-8.

35. Viscoli C., Girmenia C., Marinus A., et al. Candidemia in
cancer patients: a prospective, multicenter surveillance
study by the Invasive Fungal Infection Group (IFIG) of
the European Organization for Research and Treatment
of Cancer (EORTC). Clin Infect Dis 1999;28:1071-9.

36. Safdar A., Chaturvedi V., Cross E.W., et al. Prospective
study of candida species in patients at a comprehensive
cancer center. Antimicrob Agents Chemother
2001;45:2129-33.

37. Marr K.A., Seidel K., White T.C., Bowden R.A. Candidemia
in allogeneic blood and marrow transplant recipients:
evolution of risk factors after the adoption of
prophylactic fluconazole. J Infect Dis 2000;181:309-16.

38. Nolte F.S., Parkinson T., Falconer D.J., et al. Isolation and
characterization of fluconazole- and amphotericin B-
resistant Candida albicans from blood of two patients
with leukemia. Antimicrob Agents Chemother
1997;41:196-9.

39. Hoban D.J., Zhanel G.G., Karlowsky J.A. In vitro
susceptibilities of Candida and Cryptococcus neoformans
isolates from blood cultures of neutropenic patients.
Antimicrob Agents Chemother 1999;43:1463-4.

40. Pfaller M.A., Diekema D.J., Jones R.N., et al. International
surveillance of bloodstream infections due to Candida
species: frequency of occurrence and in vitro
susceptibilities to fluconazole, ravuconazole, and
voriconazole of isolates collected from 1997 through
1999 in the SENTRY Antimicrobial Surveillance Program.
J Clin Microbiol 2001;39:3254-9.

41. Nguyen M.H., Peacock J.E. Jr., Morris A.J., et al. The
changing face of candidemia: emergence of non-
Candida albicans species and antifungal resistance.
Am J Med 1996;100:617-23.

42. Blumberg E.A., Reboli A.C. Failure of systemic empirical
treatment with amphotericin B to prevent candidemia
in neutropenic patients with cancer. Clin Infect Dis
1996;22:462-6.

43. Nucci M., Colombo A.L., Spector N., et al. Breakthrough
candidemia in neutropenic patients. Clin Infect Dis
1997;24:275-6.

44. Girmenia C., Martino P., Cassone A. Breakthrough
candidemia during antifungal treatment with fluconazole
in patients with hematologic malignancies. Blood
1996;87:838-9.

45. Krcmery V. Jr., Sejnova D., Pichnova E. Breakthrough
Candida tropicalis fungemia during ketoconazole
prophylaxis in cancer patients. Acta Oncol
1999;38:663-5.

46. Nucci M., Colombo A.L. Risk factors for breakthrough
candidemia. Eur J Clin Microbiol Infect 2002;21:209-11.

47. Nakagawa Z., Nucci M., Branchini M.L., et al. In vitro
susceptibility patterns of 200 recent bloodstream
isolates of Candida species to four antifungal drugs
determined by the NCCLS microbroth procedure.
Programs and Abstracts of the 40th Interscience
Symposium on Antimicrobial Agents and
Chemotherapy 1988;September 24-27:488.

48. Colombo A.L., Nucci M., Salomao R., et al. High rate of
non-albicans candidemia in Brazilian tertiary care
hospitals. Diagn Microbiol Infect Dis 1999;34:281-6.

Candida Resistance in Neutropenic Patients


