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Abstract 
Background: Resistance to antifungal drugs, especially towards triazoles, is commonly referred to by clinicians, but data on its prevalence in 

developing countries is limited.  

Methodology: To determine the prevalence of triazole-resistance amongst pathogenic yeasts and moulds, we assessed the in vitro 

susceptibility of 250 isolates from hospitalized patients at five Mexican cities towards amphotericin B, fluconazole and voriconazole, by E-

test.  

Results: All yeasts were susceptible to voriconazole, according to E-test interpretive criteria (MIC ≤ 1 µg/mL), and all filamentous or 

dimorphic fungi also had voriconazole MIC ≤ 1 µg/mL, except for one isolate each of Mucor sp. and Acremonium sp. Candida krusei and 

one isolate of C. glabrata were resistant to fluconazole, a drug that had MIC ≥ 192 µg/mL for filamentous fungi. Although no breakpoints for 

amphotericin B are available, all three C. krusei, 2/25 C. glabrata, 3/22 C. parapsilosis and 1/108 C. albicans had MIC ≥ 2 µg/mL.  

Conclusion: In vitro, voriconazole is active against yeasts and moulds commonly causing severe mycoses in Mexico. 
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Introduction 
The prevalence and susceptibility of the 

etiological agents of fungal infections is, compared to 

bacterial infections, controversial and much less 

reported, especially in developing countries. 

Technical difficulties in detecting, and susceptibility 

testing of fungal etiological agents [1], as well as a 

wider diversity of fungi in warm and humid climates, 

make for an obscure picture of the therapeutic 

options against mycoses. The notion of resistance, 

particularly towards azole drugs, is widespread but 

almost always anecdotal, and physicians often use 

amphotericin B out of fear of resistance, despite the 

adverse effects of this drug. 

A previous multicenter study (RedMic) provided 

information on the prevalence of yeasts and moulds 

causing nosocomial infections in several Mexican 

cities. A total of 455 isolates from 393 patients were 

analyzed: 56% were Candida albicans, 37% were 

non-albicans Candidae (of which 47% were C. 

tropicalis, 13% C. parapsilosis, 12% C. glabrata, 10% 

C. krusei) and 7% were moulds and dimorphic fungi 

(47% Aspergillus spp., 27% Coccidioides immitis) 

[2] . Here we report the results of a second stage 

(RedMic2) of this study, with less focus on 

prevalence, but including susceptibility testing using 

the E-test. 

 

Material and methods 
Yeast and mould isolates 

 A total of 250 isolates from fungal infections 

considered to be hospital-acquired by attending 

physicians, or severe mycoses that required 

hospitalization, collected between July and 

November 2007, were tested. These included 108 

isolates of  Candida albicans, 43 of C. tropicalis, 25 

of C. glabrata, 22 of C. parapsilosis, 24 of other 

yeasts (C. krusei, Cryptococcus neoformans, 

Trichosporon asahii); 15 of Aspergillus spp., 4 of 

Coccidioides immitis, 9 of other moulds or dimorphic 

fungi (Mucor spp., Penicillium spp., Acremonium 

spp., Exserohilum rostratum, Geotrichum capitatum). 

Organisms were first isolated and identified at 14 

participating hospitals from five Mexican cities 

(Mexico City, Guadalajara, Monterrey, Torreon and 

Puebla), then sent to a central laboratory in agar 
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slants, where the identification of each isolate was 

reassessed by colony morphology and biochemical 

methods. Susceptibility testing was performed 

immediately after subculture, and a sample of each 

culture was stored in Mueller-Hinton broth 

supplemented with 25% glycerol, at -70°C for 

additional assays. 

 

Antifungal susceptibility testing 

Susceptibility towards fluconazole (an older, 

“narrow-spectrum” triazole drug), voriconazole (a 

newer, “wide-spectrum” triazole drug), and 

amphotericin B (as a reference drug used instead of 

azoles due to perceived resistance) was tested using 

E-test strips, following the manufacturer’s guidelines, 

on RPMI 1640 + 2% glucose agar (AB Biodisk), and 

incubated at 35°C for 24-48 hours. Strains ATCC 

90028 (C. albicans) and ATCC 6258 (C. krusei) were 

used for quality control purposes, and results were 

within acceptable ranges. Agreement of E-test results 

and conventional broth dilution methods have been 

previously documented [3-4]. 

 

Results 
Minimal inhibitory concentrations’ ranges, MIC50 

and MIC90 values, are shown in Table 1; in order to 

reach MIC50-90 values for most isolates, even those 

for which there were very few isolates, organisms 

that are clearly different (e.g., Aspergillus spp. and 

Penicillium spp.) but share susceptibility profiles 

were grouped in the table. Wide variations in MIC 

values were found in C. albicans for all three drugs 

(31-47-fold between higher and lower MIC), and for 

voriconazole vs. C. tropicalis (32-fold), and 

fluconazole vs. C. glabrata/C. krusei (48-fold), T. 

asahii (32-fold) and C. neoformans (64-fold). One 

isolate of G. capitatum (not included in Table 1, and 

mistaken for Candida spp. at the hospital) had MICs 

of 1, 48 and 0.25 µg/mL for amphotericin B, 

fluconazole and voriconazole, respectively. 

 

Discussion 
Microbial resistance emerges and spreads as a 

natural consequence of the use of antimicrobial drugs. 

However, there are clear differences between the 

usage of antibacterial and antifungal drugs: the 

former are widely abused for both agricultural use 

and self-prescription in developing countries, while 

systemic polyenes and triazoles are not commonly 

used without medical prescription. Furthermore, the 

lack of extrachromosomal mobile genetic elements, a 

bacterial feature that seems responsible for most 

clinically relevant resistance in bacteria, limits the 

spread of resistance among fungi to vertical 

transmission [6]. However, the growing incidence of 

fungal infections due to AIDS and other 

immunocompromising conditions, demands 

increased use of antifungal therapies that can foster 

resistance [7]. Nevertheless, the incidence of 

acquired resistance to polyenes is low and often 

linked to long-term therapy; fungistatic azoles, 

especially fluconazole, face a somewhat higher 

incidence of acquired resistance, while some yeasts 

(e.g., C. glabrata and C. krusei) and filamentous 

fungi are intrinsically resistant [1,8]. For instance, a 

recent report of a worldwide surveillance that 

included more than 200,000 yeast isolates found that 

only 2.4% of 10,288 Latin American C. albicans 

isolates were resistant to fluconazole (1.5% global, 

5.1% North America) [9]. Another study performed 

at a large Mexican city did not find resistance 

towards fluconazole among 337 isolates of C. 

albicans, C. parapsilosis and C. tropicalis [10]. 

According to E-test interpretive criteria, all of the 

C. albicans, C. tropicalis and C. parapsilosis isolates 

included here were susceptible to fluconazole (MIC ≤ 

8 µg/mL) and to voriconazole (MIC ≤ 1 µg/mL). 

Voriconazole was fully-active against all C. glabrata 

and C. krusei isolates (as well as T. asahii and C. 

neoformans, extending Candida spp. interpretive 

criteria to these other yeasts), while only 5/25 C. 

glabrata isolates were susceptible to fluconazole, and 

1/25 and all 3 C. krusei isolates were resistant to this 

drug. Although no breakpoints for amphotericin B 

are provided for E-test, taking resistance criteria for 

dilution methods, all three C. kr usei, 2/25 C. 

glabrata, 3/22 C. parapsilosis and 1/108 C. albicans 

were resistant to this polyene (MIC ≥ 2 µg/mL; E-test 

results of 1.5 µg/mL were included). 

No interpretive criteria are available for 

filamentous fungi; it is clear, however, that 

voriconazole is much more potent, in vitro, than 

fluconazole against moulds. Three isolates of A. niger 

were the less voriconazole-susceptible of these 

organisms (MIC 0.5-1 µg/mL), while other species of 

Aspergillus, Penicillium spp. and E. rostratum had 

much lower MICs (0.016-0.19 µg/mL). These results 

are comparable with those reported for Aspergillus 

spp. using the European Committee on Antimicrobial 

Susceptibility Testing (EUCAST); E-test is 

considered to yield results with good correlation to 

dilution methods [11]. When growing as mycelia, C.  
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immitis showed the highest susceptibility to 

voriconazole; however, this observation is of dubious 

clinical relevance, as the infective form of C. immitis 

is most often a spherule. On the other hand, Mucor 

spp. and Acremonium spp. (species causing 3% of 

nosocomial mycoses, as found in the previous 

prevalence study), were not affected by triazole drugs. 

While fluconazole is active against the Candida 

albicans/tropicalis/parapsilosis group, and resistance 

towards amphotericin B is slowly emerging amongst 

this group, voriconazole is active against all yeasts 

tested, and apparently also against most filamentous 

fungi. 

 
 
 
 
 

 

 
 
Acknowledgments 
We thank medical and laboratory personnel from the centers 

participating in RedMic2: Hospital IMSS-Magdalena Salinas, 

Hospital Infantil de México “Federico Gómez”, Hospital  

 

ISSSTE-Castañeda, Hospital Angeles del Pedregal, and Hospital 

de Pediatría IMSS-CMNSXXI, at Mexico City; Hospital de 

Especialidades IMSS-71, at Torreón; Hospital de Especialidades, 

CMN-UMAE IMSS, at Puebla; Hospital Civil “Juan I. 

Menchaca”, Hospital Angeles del Carmen, and Hospital Mexico-

Americano, at Guadalajara; Facultad de Medicina, UANL, and 

Hospital Christus Muguerza, at Monterrey. This study received 

partial financial support from Pfizer. 

 

References 
1. McGinnis MR, Rinaldi MG (1996) Antifungal drugs: 

mechanisms of action, drug resistance, susceptibility testing, 

and assays of activity in biological fluids. In Lorian V, editor. 

Antibiotics in laboratory medicine. Baltimore: Williams & 

Wilkins. 176-211. 

species (n) 

amphotericin B fluconazole voriconazole 

range MIC50 MIC90 range MIC50 MIC90 range MIC50 MIC90 

C. albicans (108) 0.032-1.5 0.38 0.75 0.25-8 1 3 0.012-0.38 0.047 0.094 

C. tropicalis (43) 0.25-0.75 0.5 0.5 0.75-6 1.5 4 0.023-0.75 0.064 0.19 

C. parapsilosis (22) 0.38-2 0.5 1.5 0.75-6 1 6 0.012-0.125 0.047 0.125 

C. glabrata (25) 

C. krusei (3) 

0.38-4 0.75 1.5 4-192 12 64 0.125-1 0.38 0.75 

T. asahii (13) 0.19-0.75 0.25 0.75 4-128 4 8 0.094-1 0.125 0.25 

C. neoformans (7) 0.125-0.5 - - 4->256 - - 0.064-0.094 - - 

C. immitis (4) 0.5-1.5 - - 2-12 - - 0.002-0.003 - - 

Aspergillus spp. (15) 

E. rostratum (4) 

Penicillium spp. (2) 

0.75-32 1.5 24 192->256 >256 >256 0.016-1 0.125 0.75 

Mucor spp. (2) 

Acremonium sp. (1) 

3 - - >256 - - 6-12 - - 

Table 1. Minimal inhibitory concentrations of antifungal agents ( g/mL) 

Table 1. Minimal inhibitory concentrations of antifungal agents ( g/mL) 



Arredondo-Garcia et al. - Antifungal susceptibility in Mexican isolates                                   J Infect Dev Ctries 2009; 3(5):398-401. 

401 
 

2. Arredondo JL, Novoa O, Rangel S, Vazquez O, RedMic 

Study Group (2005) Surveillance of species distribution in 

nosocomial fungal infections (NFIs) isolates in Mexico. 45th 

Interscience Conference on Antimicrobial Agents and 

Chemotherapy, Washington DC. Abstract 2069. 

3.  Chryssanthou E, Cuenca-Estrella M (2002) Comparison of the 

antifungal susceptibility testing subcommittee of the 

European Committee on Antibiotic Susceptibility Testing 

proposed standard and the E-test with the NCCLS broth 

microdilution method for voriconazole and caspofungin 

susceptibility testing of yeast species. J Clin Microbiol 40: 

3841-3844. 

4.  Pfaller MA, Messer SA, Mills K, Bolmström A (2000) In vitro 

susceptibility testing of filamentous fungi: comparison of 

Etest and reference microdilution methods for determining 

itraconazole MICs. J Clin Microbiol 38: 3359-3361. 

5.  Szekely A, Johnson EM, Warnock DW (1999) Comparison of 

E-test and broth microdilution methods for antifungal drug 

susceptibility testing of molds. J Clin Microbiol 37: 1480-

1483. 

6. Amábile-Cuevas CF (2009) Global perspectives of the 

resistance problem. In Sosa A, Byarugada DK, Amábile-

Cuevas CF, Okeke I, Kariuki S, Hsueh PR, editors. 

Antimicrobial resistance in developing countries. New York: 

Springer. In press.  

7.  Perlin DS (2009) Antifungal drug resistance in developing 

countries. In Sosa A, Byarugada DK, Amábile-Cuevas CF, 

Hsueh PR, Kariuki S, Okeke I, editors. Antimicrobial 

resistance in developing countries. New York: Springer. In 

press.  

8.  Hitchcock CA (1996) Azole antifungal resistance in Candida 

albicans. APUA Newsletter 14:  5-8. 

9.  Pfaller MA, Diekema DJ, Gibbs DL, Newell VA, Meis JF, 

Gould IM, Fu W, Colombo AL, Rodriguez-Noriega E, Group 

GAS (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 fluconazole and voriconazole determined by CLSI 

standardized disk diffusion testing. J Clin Microbiol 45: 

1735-1745. 

10. González GM, Elizondo M, Ayala J (2008) Trends in species 

distribution and susceptibility of bloodstream isolates of 

Candida collected in Monterrey, Mexico, to seven antifungal 

agents: results of a 3-year (2004 to 2007) surveillance study. 

J Clin Microbiol 46: 2902-2905. 

11. Lass-Flörl C, Perkhofer S (2008) In vitro susceptibility-

testing in Aspergillus species. Mycoses 51: 437-446. 

 
Corresponding Author 
Carlos F. Amábile-Cuevas 

Fundación Lusara, Apartado  

Postal 8-895, 08231, Mexico City, Mexico 

Phone/Fax: (52-55)52195855 

Email: carlos.amabile@lusara.org 

 

Conflict of interest: No conflict of interest is declared. 

 

 
 
 


