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ABSTRACT 

 

Several studies have reported the occurrence of infections caused by Candida yeasts as well as the 

increasing prevalence of non albicans species. The aim of the present work is focused on the obtaining of 

heteroresistance to amphotericin B and fluconazole in Candida species using two distinct methodologies: 

selection and induction. Resistant samples were obtained by selective pressure using a medium with 

fluconazole for growth, followed by growth in a medium with amphotericin B. The selective pressure was 

also created beginning with growth in amphotericin B medium followed by growth in fluconazole 

medium. Concomitantly, samples were submitted to the induction of resistance through cultivation in 

increasing concentrations of fluconazole, followed by cultivation in increasing concentrations of 

amphotericin B. Subsequently, the induction began with amphotericin B followed by fluconazole. Three 

samples resistant to fluconazole and amphotericin B were obtained, two by induction (C. glabrata and C. 

tropicalis) and one by selection (C. tropicalis). Both C. tropicalis originated from the same wild sample. 

After successive transfers for drug free medium, only the sample obtained by selection was able to 

maintain the resistance phenotype. These results suggest that the phenotype of heteroresitance to 

fluconazole and amphotericin B can be produced by two methodologies: selection and induction.   

 

Key words: Amphotericin B, antifungal agents, Candida spp., fluconazole, heteroresistance, resistant 

mutants. 

 

INTRODUTION 

 

 Candida yeasts are opportunistic pathogens that have 

been widely associated to severe infections in 

immunosuppressed individuals. The most frequently isolated 

species is C. albicans, but other Candida species have 

emerged as important pathogens (22). The use of antifungal 

agents, especially fluconazole, might lead to the selection of 

intrinsically resistant species such as C. krusei, or species as 

C. glabrata, in which the resistance is easily induced.    

Heteroresistance is the expression of different resistance 

profiles in subpopulations of a strain (18). Mondon et al. (15)  
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investigated serial isolates of Cryptococcus neoformans 

obtained from two infected patients, demonstrating that each 

isolate produced cultures with heterogeneous compositions of 

susceptibility to fluconazole. Besides that, these authors 

verified that the proportion of subpopulations resistant to 

fluconazole increased steadily over time and that this 

selection process was reproduced in vitro. In the literature, 

studies focused on experimental induction of resistance have 

demonstrated that the development of in vitro resistance to 

fluconazole in C. tropicalis could be correlated with an 

experimental model of disseminated candidiasis (1). 

Similarly, a previous report performed by Bouchara et al (4) 

provided evidence that the selection of azole-resistant 

mutants of C. glabrata may occur in vivo after fluconazole 

administration, which would explain, therefore, clinical 

failure of antifungal therapy.   

In the present article, we employed two in vitro methods, 

induction and selection, in order to obtain fluconazole and 

amphotericin B resistant mutants. This approach may provide 

additional information to improve the comprehension of the 

mechanisms involved in the resistance of Candida species. 

 

MATERIALS AND METHODS 

 

Samples: Thirty clinical isolates belonging to Adolfo 

Lutz institute, São Paulo, Brazil, were used in this study. The 

isolates were obtained from HIV+ and HIV- patients with 

erythematous oral candidiasis and comprised 22 C. albicans, 

3
 
C. tropicalis, 3 C. parapsilosis and 2 C. glabrata. The 

reference samples C. parapsilosis ATCC 22019 and C. krusei 

ATCC 6258 were used as quality control organisms, being 

included each
 
time a set of isolates was tested (16). All 

isolates were subcultured 24 h prior to testing.  

 

Susceptibility testing: The antifungal susceptibility to 

fluconazole and amphotericin B was initially verified by 

Etest
 

(AB BIODISK, Solna, Sweden). This test was 

performed on Mueller-Hinton agar plates supplemented with 

2% glucose and methylene blue (0.5 µg/ml) (Hardy 

Diagnostics, Santa Maria, CA) according to the CLSI M44-A 

disc-diffusion method (21). Susceptibility to amphotericin B 

and fluconazole was also evaluated by the microdilution 

method as recommended by the Clinical Laboratory 

Standards Institute, [CLSI document M27A]. Stock solutions 

of amphotericin B (1600 µg/ml; Sigma, St. Louis, MO, USA) 

and fluconazole (5120 µg/ml; Pfizer, São Paulo Brazil) were 

prepared in dimethylsulphoxide and water, respectively.  

 

Selection of heteroresistant isolates: This experiment 

was performed in agreement with the methodology proposed 

by Xu et al. (29) with modifications. The ability to grow in 

the presence of antifungal agents was evaluated in two stages: 

screening and selection of phenotypes resistant to the drug.  

 

1) Screening: After cultivation for 24 h at 35
o
C in 

Sabouraud’s broth, the 30 Candida spp. samples were 

inoculated in two tubes containing saline solution. The first 

tube was prepared with a final concentration of 10
4
cfu/ml and 

the second one with final concentration of 107 cfu/ml. Those 

suspensions were inoculated in potato agar with fluconazole 

(8 µg/ml) and RPMI agar with addition of amphotericin B 

(1.0 µg/ml). The plates were incubated for 24 h at 35
o 

C. The 

choice of the antifungal concentrations was made according 

to the endpoint values established by Cuenca-Estrella et al. 

(6).  

 

2) Selection: Selection A (Fz/AB): The isolates that were not 

able to grow in the presence of fluconazole on the screening 

stage were inoculated in 3 ml of Yeast Extract Peptone 

Dextrose broth (YEPD) (Difco, EUA) and incubated at 35° 

C. After 24 h, the tubes were centrifuged (4000 rpm for 5 

min) and washed with saline solution. Cells were suspended 

in saline solution in a concentration of 10
9  

cfu/ml. This 

suspension was inoculated in potato agar with fluconazole 

(8µg/mL) and incubated at 35°C for 48 h. The colonies with 

visible growth were selected randomly and cultured in 3 ml 

of YEPD broth at 35° C. After 24 h, tubes were centrifuged 

(4.000 rpm for 5 min) and washed with saline solution. A 
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suspension of 109 cfu/ml was prepared and inoculated in 

RPMI agar with amphotericin B (1.0 µg/ml). After incubation 

at 35°C for 48 h, the colonies that demonstrated visible 

growth were randomly selected and cultured in Sabouraud 

agar at 37°C for 24 h for MIC determination. Selection B 

(AB/Fz): This procedure was developed exactly as selection 

A, but the selected samples were those that did not present 

growth in the presence of amphotericin B on the screening 

stage and the order of the antifungals was inverted, initiating 

with amphotericin B. The reference samples C. parapsilosis 

(ATCC 22019) C. krusei (ATCC 6258), were applied in all 

tests as susceptibility and resistance controls, respectively. 

Isolates were classified as possibly heteroresistant when 

colonies grew on a plate containing amphotericin B or 

fluconazole. 

 

Induction of heteroresistant isolates: Induction A (Fz/ 

AB): After cultivation in agar Sabouraud for 24 h at 35
o
C, 

samples were inoculated in potato agar with fluconazole (8.0 

µg/ml) and incubated for 48 h. After that, successive transfers 

were performed for potato agar medium added with 

fluconazole in the concentrations of 16, 32, 64, 128 e 256 

µg/ml. Colonies were randomly selected on the plates of 

greater concentrations in which growth could be observed. 

Subsequently, these colonies were transferred successively to 

RPMI agar containing increasing concentrations of 

amphotericin B (0.5, 1.0, 1.5, 2.0, 2.5 e 3.0 µg/ml). Colonies 

were selected similarly to the procedure of the anterior 

experiment. These colonies were cultured in Sabouraud agar 

free of drug at 35°C for 24 h for MIC determination. 

Induction B (AB/Fz): It was made exactly as induction A, but 

inverting the antifungal order.  

 

Stability of fluconazole resistance in vitro: Highly 

resistant sub-clones were transferred daily to Sabouraud agar 

free of drug and incubated at 35°C. Minimum inhibitory 

concentration (MIC) for fluconazole was determined every 

week for each sub-clone during 30 days using Etest method. 

Comparison of original and mutant isolates by length 

of region ITS2: Genomic DNA was extracted from all 

original isolates and selected mutants by a method described 

previously (3). The oligonucleotides ITS3 (5`-

GCATCGATGAAGAACGCAGC-3`) and ITS 4 (5`-

TCCTCCGCTTATTGATATGC-3`) were used as primers 

for PCR. Amplifications were elaborated in volumes of 50 µl 

containing 20 ng of genomic DNA, 20 pmols of primer, 

dNTP (0.2 mM) buffer (10 mM Tris-HCl, 50 mM KCl, pH 

8), 1.5 mM MgCl, 10 mM each dATP, dCTP, dTTP, and 

dGTP, and 1U of AmpliTaq DNA polymerase. PCR was 

developed in Applied Biosystems thermal cycler (model 

9700) with an initial denaturing of 95°C for 6 min followed 

by 25 cycles of 60 s at 95°C by 30 s, 65°C by 30 s and 72°C 

by 30 s and then a final cycle of 10 min at 72°C. 

Amplification products were separated by electrophoresis in 

1.5% agarose gels stained with ethidium bromide 1.0 µg/ml, 

in 0,5× Tris-borate-EDTA buffer for 1,5 h at 80 V. The gel 

was observed under UV light and the image was stored using 

the Kodak digital system EDAS-290. 

 

RESULTS 

 

In order to identify the method of sub-clone obtaining 

after the procedures of induction and selection, the samples 

were named as follows: SFA – Sample selected first from 

media with fluconazole followed by amphotericin B; SAF - 

Sample selected first from media with amphotericin B 

followed by fluconazole; IFA – Sample obtained by growth 

in increasing concentrations of fluconazole followed by 

growth in increasing concentrations of amphotericin B; IAF - 

Sample obtained by growth in increasing concentrations of 

amphotericin B followed by growth in increasing 

concentrations of fluconazole. 

 

Heteroresistance phenotype obtained by selection:  

Selection A: In the screening stage, no sample growth in 

the presence of amphotericin B (1.0 µg/ml) and three non-

albicans samples did not grow in the presence of fluconazole 

(8µg/ml) in the concentration inoculated (10
4
 and 10

7  
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CFU/ml). After the selection tests, it was obtained one clone 

of each sample (425-SP3/06/SFA, 432-SP3/06/SFA e 442-

SP3/06/SFA), which were able to growth in the presence of 

fluconazole and, in sequence, amphotericin B.  

 

Selection B: Only seven samples did not demonstrate 

growth in medium with amphotericin B. (1.0 µg/ml) in 24 h. 

Samples that showed at least one colony after 48 h were not 

used. After the first stage of the selection, beginning with 

amphotericin B, only the samples 418-SP3/06, 435-SP3/06, 

438-SP3/06, 439-SP3/06 e 444-SP3/06 evidenced visible 

growth in RPMI medium with amphotericin B (1.0 µg/ml). 

On the second stage, three of those five samples were able to 

grow in potato agar with fluconazole (8. 0µg/ml). Those 

samples were considered as having resistance phenotypes and 

named 418-SP3/06/SAF, 435-SP3/06/SAF, e 438-

SP3/06/SAF. None of the samples studied presented decrease 

in MIC values for fluconazole. For amphotericin B, some 

samples had a slight decrease in MIC values after the 

selection, as sample 425-SP3/06/SFA that had MIC of 

0.25µg/ml before and 0.12µg/ml after the procedures (CLSI 

method). However, this increase was not greater than one 

dilution of difference.  

 
Heteroresistance phenotypes obtained by induction: 

Induction A: The susceptible samples with greater MICs 

for fluconazole, 420-SP3/06, 429-SP3/06 e 434-SP3/06, were 

selected for the induction tests, beginning with fluconazole. 

They were able to develop growth in all fluconazole (16.0, 

32.0, 64.0, 128 and 256 µg/ml) and amphotericin B (0.5, 1.0, 

1.5, 2.0, 2.5 and 3.0 µg/ml) concentrations, and because of 

that, were considered resistance phenotypes and named 420-

SP3/06/IFA, 429-SP3/06/IFA e 434-SP3/06/IFA.  

 

Induction B: At this stage, the wild samples 420-SP3/06, 

425-SP3/06 e 428-SP3/06, were selected for the induction 

evaluation because the MIC values obtained for these 

samples were higher than the values obtained for the others. 

The samples were capable to grow in amphotericin B at the 

concentrations of 2.5, 3.0 e 2.0 µg/ml respectively, and, after 

that, grew in all concentrations of fluconazole evaluated. 

Because of these results, the samples were identified as 

resistance phenotypes and named 420-SP3/06/IAF, 425-

SP3/06/IAF e 428-SP3/06/IAF. The sample 425-SP3/06/IAF, 

initially classified as susceptible (MIC ≤ 2.0 µg/ml), showed 

MIC of 64.0 µg/ml with both CLSI and Etest methods, being, 

consequently, resistants. The sample 434-SP3/06/IFA, 

initially defined as intermediately susceptible to fluconazole 

(MIC < 8.0µg/ml), after induction, showed intermediate 

susceptibility to fluconazole using CLSI methodology 

(MIC=8.0µg/ml), being resistant by the Etest methodology 

(MIC = 64.0µg/ml). MIC values before and after selection 

are represented on table 1. Although the sample 428-SP3/06 

to be, a priori, resistant to fluconazole, it was employed in the 

tests of induction in order to obtain samples with cross 

resistance to amphotericin B. However, no alteration of MIC, 

to this antifungal after induction, was detected.  

 

       In vitro susceptibility test of wild samples and their 

resistant clones: Two resistant clones originated from 425-

SP3/06 isolate were produced by selection on plates with 

fluconazole 8 µg/ ml (425-SP3/06/SFA) as well as by 

induction on plates with increasing concentration of 

fluconazole (425-SP3/06/IAF). MICs were evaluated by Etest 

(MIC ≥ 48 µg/ ml) and microdilution (MIC = 64 µg/ ml). The 

samples 16-SAF and 26-SAF, originated by selection, 

showed a slight increase in MIC values for fluconazole, but 

kept the classification of sensitive. MICs presented by 

resistant clones were very greater than those for wild isolates, 

suggesting heteroresistance. 

 The variance between MICs verified by broth 

microdilution and agar-based methods may be attributed to 

the enhanced growth produced by the increased amount of 

glucose (2% supplementation) contained in the Mueller 

Hinton agar medium. Similar medium-specific differences 

have been observed previously (3, 7) (Table 1). 
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Table 1. Susceptibility to amphotericin B and fluconazole of Candida spp strains before and after selection and induction of 

heteroresistance.  

 Initial MIC / Final MIC (µg/ ml)  

Strains Fluconazole Amphotericin B 

Selection Etest CLSI Etest CLSI 

425-SP3/06/SFAb 0.75/48.0 0.12/64.0 0.190/0.230 0.250/0.12 

432-SP3/06/SFA
b 

0.38/0.75 0.12/0.50 0.064/0.640 0.120/0.25 

442-SP3/06/SFA
b 

0.50/1.00 0.12/0.12 0.190/0.016 0.250/0.25 

418-SP3/06/SAFc 0.38/0.50 0.12/0.25 0.023/0.023 0.015/0.12 

435-SP3/06/SAF
c
 0.50/0.75 0.12/0.12 0.094/0.047 0.015/0.25 

438-SP3/06/SAF
c
 0.75/1.00 0.12/0.12 0.047/0.230 0.015/0.25 

Induction     

420-SP3/06/IFAd 0.50/0.50 0.12/0.25 0.125/0.032 0.015/0.25 

429-SP3/06/IFA
d
 0.75/1.00 0.25/0.12 0.047/0.047 0.015/0.12 

434-SP3/06/IFA
d
 4.00/48.0 4.00/8.00 0.047/0.023 0.015/0.12 

420-SP3/06/IAF
e
 0.50/1.00 0.12/1.00 0.125/0.016 0.015/0.12 

425-SP3/06/IAF
e
 0.75/64.0 0.12/64.0 0.190/0.380 0.250/0.25 

428-SP3/06/IAFe 48.0/64.0 64.0/64.0 0.500/0.380 0.030/0.25 

a Minimmum Inhibitory Concentration before selection/ Minimmum Inhibitory Concentration after selection ;  b SFA – Sample 

selected first from media with fluconazole followed by amphotericin B; c  SAF - Sample selected first from media with amphotericin 

B followed by fluconazole; d IFA – Sample obtained by growth in increasing concentrations of fluconazole followed by growth in 

increasing concentrations of amphotericin B; e  IAF - Sample obtained by growth in increasing concentrations of amphotericin B 

followed by growth in increasing concentrations of fluconazole. 

 

 

Stability of fluconazole resistance in vitro: The highly 

resistant sub-clones of strains 425-SP3/06/SFA, 425-

SP3/06/IAF and 434-SP3/06/IFA were transferred to drug-

free medium to assess the stability of resistance. For the 

strain 425-SP3/06/SFA, in which resistance was determined 

by selection, the phenotype was stable. However, for the 

others two strains, 425-SP3/06/IAF and 434-SP3/06/IFA, the 

phenotype was reversible after serial transfers in fluconazole-

free medium at 35°C (Table 2). 

 

 

Table 2. Evaluation of the stability of the fluconazole resistance phenotype of Candida spp. samples obtained by selection and 

induction.   

MIC in four weeks (µµµµg/ml) Samples 

First  Second Third Fourth  

425-SP3/06/SFA 48 32 24 24 

425-SP3/06/IAF 64 16 4 2 

434-SP3/06/IFA 48 16 16 4 
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Comparison of original and mutant isolates  

 There was no discrepancy between the size of the 

fragments observed for the mutant strains and their respective 

wild isolates.  

 

DISCUSSION 

 
The impact of the use of fluconazole and its correlation 

with the emergence of Candida spp. resistant strains is a very 

relevant subject that has been discussed since the 80’s 

decade. The results presented in the present work evidence 

individual differences among Candida species. These 

differences might be important to the choice of the antifungal 

therapy. However, much more important than the variation 

between species is the level of protection to the exposure to 

fluconazole found in C. albicans.  

Differences (0.125 to 64.0µg/ml) in the susceptibility to 

fluconazole between the isolate 425-SP3/06 and the other 

wild samples might be related to the pre-exposure of this 

sample the antifungal agent before isolation. It has been 

previously proved that the prophylactic use of fluconazole in 

invasive fungal infection may lead to the increase in the 

colonization by yeasts, because samples resistant to 

fluconazole might be selected with this exposure (11, 19). 

Indeed, according to Vasques et al. (27), samples less 

susceptible to fluconazole can be isolated from patients in 

therapy with this antifungal agent.  

The first article focused on the heteroresistance 

phenomenon was published in 1997, reporting the studies 

elaborated by Schoofs et al. (24). These authors observed 

that, when growth was performed in the presence of azole 

compounds, samples obtained from the oral cavity of AIDS 

patients and isolated in medium containing antifungal 

showed faster growth kinetics than those ones obtained in 

medium without drug. This fact suggest that the initial 

isolation of colonies in medium containing drug had selected 

sub-populations with greater resistance to azoles, since this 

colonies showed growth within the expected pattern, even in 

the presence of the antifungal. The same fact was not 

observed with colonies isolated in medium without drug.  

According to reports found in the literature, the 

occurrence of heteroresistance in Candida is frequent and 

might be caused by two basic mechanisms: a) Reversible – 

increased expression of efflux pumps (4, 7, 23). In this case, 

there is a direct correlation between the drug exposure and 

the maintenance of the phenomenon (4); b) Irreversible – 

heteroresistance related to the alteration in the sterol content 

and alteration in the cellular targets for the antifungal agents 

(4, 7).  

The results of this work demonstrate the occurrence of 

heteroresistance to fluconazole in two C. tropicalis strains 

(425-SP3/06/SFA and 425-SP3/06/IAF) and one C. glabrata 

(434-SP3/06/IFA). These samples were produced by different 

methodologies from wild strains 425-SP3/06 and 434-

SP3/06, respectively. The other samples denoted small 

differences in MIC values, remaining susceptible to the drug. 

Furthermore, it has been demonstrated that the development 

of resistance due to the use of antifungal drugs is much more 

frequent among other Candida species than in C. albicans (2, 

28). The evaluation of clinical isolates indicates that 

resistance is not exclusively due to C. albicans resistant 

isolates but also to the increase in the number of non-albicans 

Candida isolates (14).  

The procedures employed aiming the selection of 

antifungal resistant clones are particularly important in the 

evaluation of the potential of Candida strains in order to 

develop other mechanisms to escape from the antifungal 

action. This occurs because the levels of the drug in blood 

might suppress the growth of susceptible yeasts, but still 

allow the growth of resistant strains. In this way, some of 

these microorganisms might quickly develop resistance or 

need higher drug dosages and can be responsible for fungal 

infections in susceptible individuals. 

Although the prophylactic use of fluconazole is an 

important factor to the appearance of resistance, there are 

other determinant aspects involved in the selection of non-

albicans Candida species. In fact, basis diseases associated 

with immunosuppression and exposure to invasive medical 

procedures have been cited as relevant factors for the 
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occurrence of infection caused by non-albicans Candida 

species, including C. glabrata (10). It has been described that 

infections caused by this yeast might occur in patients 

previously exposed to amphotericin B (10, 17). 

In this work, only one sample (3.33%) with stable 

resistance phenotype was produced after successive transfers 

for free of drug medium through the methodology for 

selection of heteroresistant strains presently used. It is 

possible that this unique sample already existed in the initial 

colonies, being selected from a sub-population with some 

kind of irreversible mutation, which would lead to resistance 

to fluconazole. There are different types of biochemical 

mechanisms that contribute to the heteroresistance 

phenotype, which would explain the results presented in this 

paper. Among these mechanisms, it can be mentioned the 

alteration in the sterol content and changes in the cellular 

antifungal targets, that remained stable after successive 

transfers (13, 23). Considering the molecular point of view, 

biochemical alterations might result from genetic 

amplification, transference or deletion, point mutations, 

transcriptional activation and hypo or hyper-metylation. All 

these effects might occur in genes involved on the regulation 

or in the process of the biochemical pathway (7, 25).  

None of the species analyzed in this work showed 

increase in MIC values for amphotericin B, even after 

cultivation in media with increasing concentrations of 

anphotericin B (0.5 a 3.0µg/ml). However, cells that have 

adaptations to this antifungal agent are not classified as 

resistant by the standard in vitro methods after sub-

cultivation in media without the drug. These results are in 

agreement with the data reported by Vazques et al. (27), 

which shows that C. albicans, the most sensitive to 

amphotericin B species, is able  to growth in high 

concentrations of this polyene after pre-exposure to azoles. 

These authors suggest that the sequential treatment with 

fluconazole followed by amphotericin B might represent a 

risk of therapeutic failure, due to the ability of Candida 

species to grow in vitro in the presence of amphotericin B 

after pre-exposure to fluconazole. Besides, even in 

simultaneous therapies, it is possible to detect the effects in 

vitro, since in the patient there are pharmacokinetic 

differences between the two drugs. On the other hand, data 

published by Pfaller et al. (20), regarding C. glabrata strains 

with acquired resistance to fluconazole, demonstrated that 

this pathogen has, more frequently, high MIC values for 

amphotericin B.  

The sample 425-SP3/06/IAF (C. tropicalis), 

heteroresistant to fluconazole, originated from the 

experimental induction with amphotericin B and fluconazole, 

showed high MIC values (MIC=64µg/ml) in all methods of 

susceptibility determination employed. However, after 

successive transfers in medium free of drug, the sample 

showed reversion of the resistance phenotype.  Barchiesi et 

al. (1), also focusing C. tropicalis, used a methodology 

similar to the procedure employed in this paper for the 

obtaining of strains heteroresistant to fluconazole, 

itraconazole and amphotericin B. They verified that, as it 

occurred with 425-SP3/06/IAF, all the heteroresistant 

samples originated by induction, showed reversion of the 

phenotype. Several studies have shown that the instability of 

these phenotypes is correlated with the expression of the 

efflux pumps (5, 9, 13). These mechanisms might explain the 

instability of the heteroresistance phenotype acquired for both 

425-SP3/06/IAF and 434-SP3/06/IFA samples. However, 

Goldman et al. (8) established that there is no linear 

correlation between MIC values and the increase in the 

expression of the genes that codify efflux pumps. Thus, 

molecular approaches for the gene expression of the mutant 

samples and their respective wild samples are necessary to 

elucidate this question.  

Although some clones of the initial isolates have grown 

in the medium containing antifungal in the screening stage, 

the MIC values were relatively low, conserving the yeasts 

with their susceptibility phenotype. Xu et al. (29), working 

with Cryptococcus neoformans, have also found isolates that, 

after the screening stage, showed low MIC values for 

fluconazole (0.5 and 1.0 µg/ml). These results mentioned 

above could be explained by the ability of some strains in 
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produce physiologic transitory adaptations or transitory 

tolerance to fluconazole.  

Considering that mutant strains and their respective wild 

samples showed the same band profile in the PCR of the 

ITS2 region, it is possible to conclude that any contamination 

occurred.  

Turenne et al. (26) demonstrated that C. albicans, C. 

tropicalis, C. parapsilosis, C. glabrata, and other fungal 

species showed, individually, distinct sizes of ITS2 

fragments. Moreover, other authors verified that the region 

ITS1 also express inter-species variability based in the size of 

the fragments (12).  

The widespread and inadequate use of antifungal drugs 

may explain the inefficacy of the treatments of candidemias. 

One of the main factors for the failure of these therapies 

might be the increase of the resistance in Candida spp. to 

antifungal agents. This resistance occurs by a process of 

natural induction or selection. Infection with Candida 

susceptible to the drug has been gradually substituted by 

infections caused by more resistant species. Among the most 

susceptible are C. albicans and among the less susceptible are 

C. glabrata and C. krusei. Failures in treatments are leading 

the scientists to search for drugs with other targets of action.  

The data of the present article established that strains 

heteroresistant to fluconazole may be originated from 

previous exposure to fluconazole. Mondon et al. (15) 

investigated the occurrence of resistance to fluconazole and 

voriconazole in patients with or without pre-exposure to 

drugs and suggested that resistance seems an innate 

phenomenon. Goldman et al. (8) observed that the 

mechanisms of resistance, including point mutations in the 

ERG11 gene and over-expression of this gene or others that 

codify efflux pumps, may be found even in susceptible 

isolates and, consequently, the heteroresistance phenotype is 

not related to these isolated mechanisms.  

The resistance to fluconazole documented in this study 

suggests that the exposure to this drug leads to the occurrence 

of colonization or infection by resistant populations, selected 

or induced during the treatment.  

The mechanisms involved in the resistance to 

fluconazole in the samples 425-SP3/06/SFA and 425-

SP3/06/IAF should be elucidated and compared by molecular 

analyses, because these samples were obtained from the same 

wild isolate, susceptible to the drug. These studies may 

contribute for the better comprehension of the mechanisms 

involved in the resistance of Candida species to fluconazole. 
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