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Abstract 
 

Background: Yeasts are increasingly implicated in serious systemic infections. The aim of this study was to 
identify Candida albicans and C. dubliniensis from isolates of immunocompromised patients and evaluate the in 
vitro antifungal activities of them against antifungal agents. 
 
Methods: One hundred and seventy eight C. albicans were isolated by routine methods from 403 immunocom-
promised patients. All isolated C. albicans were inoculated on CHROMagar Candida medium. The carbohydrate 
assimilation patterns of all the isolates were studied, using the API 32C system. To identify C. albicans and C. 
dubliniensis, PCR was done by specific primers. The susceptibility test for the isolates was performed by a broth 
microdilution assay, according to the Clinical and Laboratory Standard Institute. 
 
Results: Of 178 isolates C. albicans, six were C. dubliniensis with PCR assay, and 7% were resistant to ampho-
tericin B, 4.6% to fluconazole, 7% to itraconazole, 1% to nystatin, 2.3% to voriconazole, and 7% to ketoconazole. 
None of the C. dubliniensis isolates were resistant to the six anti-fungal agents. 
 
Conclusion: It would be convenient to carry out antifungal susceptibility studies in order to establish the in-vitro 
activities of antifungal agents against local isolates and also to detect shifts toward resistance as early as possi-
ble. 
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Introduction 
 
Resistance among Candida spp. to antifungal drugs is 
an increasing problem in immunocompromised pa-
tients. Although there has been a significant increase 
in the number of reported infections caused by yeasts 
of the genus Candida, C. albicans is the most fre-
quent isolated Candida species. However, in recent 
years, the number of infections due to non-albicans 
Candida species has increased significantly. 

C. dubliniensis was first described as a distinct 
taxon in 1995.1 It is chlamydospore-positive, germ 

tube-positive species, having many characteristics in 
common with C. albicans. Although C. albicans and 
C. dubliniensis are phenotypically very similar, they 
differ in their carbohydrate assimilation profiles, 
growth patterns at elevated temperatures, and intra-
cellular B-glycosidase activities.2,3 

In view of the recurrent nature of fungal infec-
tions in immunocompromised patients, treated by 
immunosuppressive drugs or chemotherapy, many 
sufferers receive repeated courses of antifungal 
medications. Prolonged or repeated exposure to anti-
fungal drugs may be associated with the emergence 
of antifungal resistance among strains of C. Albi-
cans.4 Inherent decreased susceptibility to com-
monly used antifungal drug therapy may be an im-
portant factor in the emergence of some Candida 
species as opportunistic pathogens. 
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The aim of this study was to identify Candida spe-
cies, previously recognized as C. albicans, by pheno-
typic and molecular methods, and to evaluate the in 
vitro activities of fluconazole, amphotericin B, keto-
conazole, itraconazole, voriconazole, and nystatin 
against isolates. 
 
 
Materials and Methods 
 
From October 2003 to March 2007, 178 C. albicans 
were isolated by the routine methods (Germ tube and 
chlamydospore production) from 403 immunocom-
promised patients in Ttransplant and Oncology wards 
in Nemazee Hospital affiliated to Shiraz University of 
Medical Sciences, southern Iran. At the outset, we 
checked colonization of Candida (by providing swabs 
from the mouth, and vaginal and rectal tissues). Some 
clinical evidence of fungal infections was detected 
and finally C. albicans were isolated from clinical 
samples (Table 1). Candida albicans were isolated 
from patients consisting of 90 males and 88 females. 
All the patients were HIV-negative. The samples 
were stored at -70°C in 10% glycerol, for different 
periods of time. 

All isolated C. albicans (178) were cultured on po-
tato dextrose agar (OXOID LTD, Basingstoke, 
Hampshire, England) twice for 24h-48h at 35°C to 
ensure viability and purity. The isolates were then 
inoculated on CHROMagar Candida medium 
(CHROM agar microbiology, Paris, France) and in-
cubated at 30°C for 4-7 days with daily examination 
looking for light green colonies (for C. albicans) and 
dark green colonies (for C. dubliniensis). 

Light and/or dark green colonies were incubated in 
fresh human sera for 3h at 37°C and evaluated for 
germ tube forming. In order to investigate chlamy-
dospore production, all C. albicans isolates were cul-
tured on corn meal agar (DifcoTM) tween 80 for 7 
days. The carbohydrate assimilation patterns of all the 
isolates were studied, using the API 32C system ac-
cording to the manufacturer’s procedure 

(BioMe'rieux, France).  
Susceptibility of C. albicans isolates to flucona-

zole, amphotericin B, ketoconazole, nystatin 
(SIGMA-Aldrichemie GmbH-Steinheim, Germany), 
itraconazole (Janssen Pharmaceutical, Beerse, Bel-
gium), and voriconazole (Pfizer, United Kingdom) 
was determined by a broth microdilution assay ac-
cording to the Clinical and Laboratory Standard Insti-
tute (CLSI; formerly NCCLS).5 Stock solutions of the 
drugs were prepared in di-methyl sulfoxide (Merck, 
Germany) or water.  

Two CLSI quality control strains, C. parapsilosis 
ATCC 22019 and C. krusei ATCC 6258, were tested 
each time and a set of clinical isolates were evalu-
ated.6 Final concentrations of amphotericin B ranged 
from 16 to 0.032 µg ml -1, fluconazole from 64 to 
0.125 µg ml -1, nystatin from 18.5 to 0.035 and of 
itraconazole, ketoconazole and voriconazole from 16 
to 0.032 µg ml -1. In each serial, one control positive 
with no drugs and one negative control with no fungal 
suspensions were designed. The plates were sealed 
and incubated at 35°C after 24h and 48h of incuba-
tion, visual MIC end-points were determined with the 
aid of a magnifying mirror. Visual end-points were 
determiners as described in the CLSI M 27-A2 that 
recommended end-point for azoles as the lowest drug 
concentration with a prominent decrease in turbidity 
(inhibitory concentration that gives 50% growth re-
duction), while for amphotericin B and nystatin, the 
MICs was the drug concentration showing a complete 
inhibition of growth. 

The amount of growth in each tube was compared 
to that of the growth of positive control. Antifungal 
activity was expressed as the MICs of each isolate to 
the drug. The following resistance breakpoints were 
used according to CLSI guidelines5 or based on pre-
vious investigations.7-10 
 
Genotypic Identification Tests 

The size of fragment amplified by primers CAL5 
and NL4CAL for C. albicans, CDU2 and NL4CAL 
for C. dubliniensis was 175 bp which corresponds to 

Table 1: Sites of body for the isolated candida species 
Sites of Candida isolated No. (%) (C. albicans) No. (%) (C. dubliniensis) Total 
Mouth 138 (77.5) 2 (1.1) 140 (78.6) 
Vagina     8 (4.5) 0 (0.0)     8 (4.5) 
Sputum   18 (10) 4 (2.3)   22 (12.3) 
Blood     4 (2.3) 0 (0.0)     4 (2.3) 
Abdominal     4 (2.3) 0 (0.0)     4 (2.3) 
Total 172 (96.6) 6 (3.4) 178 (100) 
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those observed by Mannarelli et al.; thus, allowing 
for the identification of the two respective species C. 
albicans and C. dubliniensis.11 Pure culture was pre-
pared by re-suspending a loopful of organism in 200 
µl of sterile water, and DNA was extracted as previ-
ously described.12  

Two pairs of the primers were used:11 one for C. 
dubliniensis sense: CDU2, 5′-AGT TAC TCT TTC 
GGG GGT GGC CT- 3′; and anti-sense NL4CAL 5′-
AAG ATC ATT ATG CCA ACA TCC TAG GTA 
AA-3′ and another for C. albicans, sense, CAL5 5′- 
TGT TGC TCT CTC GGG GGC GGC CG- 3′; and 
anti-sense NL4CAL, 5′- AAG ATC ATT ATG CCA 
ACA TCC TAG GTA AA-3′ (Figure 1). Amplifica-
tion and electrophoresis were done as done by Man-
narelli et al.11 All the primers and probes were syn-
thesized by TIB MOLBIOL (Berlin, Germany). The 
same conditions were used with C. dubliniensis prim-
ers in the isolates suspicious to C. albicans. Differen-
tiation between C. albicans and C. dubliniensis was 
achieved based on both phenotypic characteristics 
and the PCR test. 
 

 
Fig. 1: Candida dubliniensis DNA were amplified with 
specific primers, and amplicons were detected by gel 
electrophoresis and ethidium bromide staining 
1: 100bp DNA size marker, 2: Negative Control, 3: 
positive control, 4 and 5: C. dubliniensis  
 

The data were entered into SPSS software (version 
11.5, Chicago, IL, USA) and subsequently analyzed, 
using descriptive statistics and cross tabulation.  

Results 
 
All 178 C. albicans strains isolated were able to pro-
duce germ tube and produced chlamydospore on 
cornmeal agar tween 80. Six isolates were considered 
as possible C. dubliniensis by assimilation patterns 
(pattern API 32 C: 7143.1400.15). 

Of 178 isolates diagnosed previously as C. albi-
cans, six were C. dubliniensis with polymerase chain 
reaction test. There was no significant difference be-
tween reading plate in 24h and 48h of incubation 
(94% the same); thus we reported reading plates on 
48h. Of 172 C. albicans isolates, 93% were sensitive 
and 7% were resistant to amphotericin B, 93% were 
sensitive, 2.3% susceptible-dose dependent, 4.6% 
were resistant to fluconazole, 71% were sensitive, 
22% susceptible-dose dependent, and 7% were resis-
tant to itraconazole, 99% were sensitive, and 1% were 
resistant to nystatin, 95.4% were sensitive, 2.3% sus-
ceptible-dose dependent, and 2.3% were resistant to 
voriconazole , 93% were sensitive, 7% were resistant 
to ketoconazole. The in vitro susceptibilities of C. 
albicans isolates to antifungal agents are summarized 
in Table 1 and 2. 

All the C. dubliniensis strains were sensitive to 
amphotericin B, fluconazole, nystatin, voriconazole, 
ketoconazole, and susceptible- dose dependent to itra-
conazole. 
 
 
Discussion 
 
As noted previously,13,14 the data demonstrated the 
sustained importance of C. albicans as an etiologic 
agent of fungal infections in normally sterile sites. 
The frequency of C. albicans as a cause of infection 
may vary in different institutions. 

C. dubliniensis isolates have been primarily recov-
ered from oral and mucosal surfaces especially in 
HIV-positive patients. However, there have been a 
number of recent reports of its isolation from non-
HIV-positive patients.1,15 In-depth epidemiological 
studies are required to determine the precise clinical 
importance of this organism, particularly because of its 
ability to develop in vitro resistance to fluconazole.16 

Recognition of phenotypic characteristics that al-
low simple detection and differentiation of C. dub-
liniensis remains a problem in routine yeast identifi-
cation. Growth at 45°C alone and use of CHROM 
agar Candida by itself was not sufficiently trustwor-
thy.17 Colonies of C. dubliniensis often have an  
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unusually dark green color within 48 h at 37°C when 
freshly isolated from clinical materials on the differ-
ential medium CHROM agar Candida, but this prop-
erty is not retained in subculture or when incubation 
is prolonged for 4 days or more.17 

The variation of the substrate reactivity profiles 
obtained by using the commercial identification kit 
(API ID 32C system) showed an atypical C. albicans 
profile and was regarded as possible isolates of char-
acteristics found by different methods used. Gales 
and et al. reported 23 of 100 C. albicans isolates 
(23%) exhibiting poor or no growth at 45°C. Xylose 
(XYL) and α-Methyl-D-Glucoside (MDG) tests con-
tained within the API 20C AUX system were both 
negative for all 66 C. dubliniensis isolates and posi-
tive for 98 (XYL) and 56 (MDG) of the 
100 C. albicans isolates.18 Therefore, sufficient and 
reasonable discrimination of molecular diagnosis be-
tween both species was feasible.  

Mirhendi et al. reported 140 clinical isolates from 
Medical Mycology Department, Tehran University of 
Medical Sciences, Tehran, Iran, identified as C. albi-
cans by CHROM agar Candida, none of which was 
C. dubliniensis by RFLP method.19 

Coleman et al. reported that approximately 2% of 
the isolates from asymptomatic healthy individuals 
and approximately 17% of those from HIV-infected 
individuals which had originally been identified as C. 
albians were in fact C. dubliniensis.2 Toraman et al. 
and Colombo et al. reported that 9.1% and 2% of 
germ tub-positive Candida strains were identified as 
C. dubliniensis by molecular identification.20,21 In 
Brazilian yeast stock collection from 1994 to 2000, 
11 isolates were identified as C. dubliniensis and all 
of them were susceptible to azoles and amphotericin 
B and 17 (3%) C. albicans isolates were susceptible 

dose-dependent or resistant to azoles.22 Most isolates 
of C. dubliniesis were susceptible in-vitro to com-
monly used antifungal agents; however, resistance to 
fluconazole has been reported.23 Among C. dublinien-
sis isolated in Venezuela, 19% showed MICs above 
64 μg/ml to fluconazole.24  

In the present study, 6 out of 178 samples (3.4%), 
previously identified as C. albicans, were actually C. 
dubliniensis being sensitive to all selected antifungal 
agents (for itraconazole some isolates were suscepti-
ble and dose dependent) (Table 2). Comparison of in-
vitro antifungal susceptibility patterns of C. albicans 
isolated in different studies is shown in Table 3. 

Fluconazole is a triazole agent that is established 
as a first line antifungal agent for the treatment of 
candidiasis. A study from South Africa reported 
100% susceptibility to fluconazole among 466 iso-
lates of C. albicans.8 Of all 73 C. albicans isolates 
collected over a 5-year period (2001-2005), only two 
isolates (one from 2003 and one from 2004) showed 
resistance to fluconazole.25 Matar et al. (2003) 
showed that more than 96% of the isolates were sus-
ceptible to fluconazole by the reference method.26 In 
the present study, 4.6% of the isolates were resistant 
to fluconazole and in the range of 0.125-64 µg/ml 
MIC90 for C. albicans against fluconazole was 0.25 
µg/ml. The results are similar to those reported by a 
few investigators8,26,27 and different  from those of 
some others.28-30 

Voriconazole is a new triazole drug with very few 
strains resistant to it. Upon evaluating the susceptibil-
ity in previous studies, it was found that in 1997; 
98%, in 1998; 99% and in 1999; 100% of C. albicans 
were susceptible to voriconazole.31 None of the iso-
lates in Huiet et al.'s study showed resistance to vori-
conazole.25 In the present study, 2.3% of the isolates 

Table 2: Repartitions of the 178 yeast isolates for amphotricin B, fluconazole, itraconazole, voriconazole, keto-
conazole and nystatin 

C. albicans C. dubliniensis  
S SDD R S SDD R 

AmphotericinB 160   0 12 6 0 0 
Fluconazole 160   4   8 6 0 0 
Itraconazole 122 38 12 3 3   0 
Voriconazole 164   4   4 6 0 0 
Ketoconazole 160   0 12 6 0 0 
Nystatin 170   0   2 6 0 0 
S: sensitive, SDD: susceptible dose dependent, R: resistant; Resistance is defined as the following MICs (in mi-
crograms per milliliter): Amphotericin B>1; Fluconazole ≥64; Itraconazole ≥1; Voriconazole ≥8; Ketoconazole ≥4; 
Nystatin ≥16. 
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were resistant to voriconazole, which is very expen-
sive and very limited number of patients can afford it 
in Iran. This might be why there is the lowest resis-
tance against this drug among immumocompromised 
patients. Itraconazole and voriconazole showed very 
close in-vitro activities against the tested yeast iso-
late. In spite of this, there were some differences in 
susceptibility among the isolates within the same fun-
gal species. Lopez et al. reported that MICs of 0.125 
μg/ml was observed for itraconazole and voriconazole 
against yeasts and molds fungus.32 Bagg et al. (2003) 
in 93 C. albicans isolated from patients with ad-
vanced cancer reported resistance of about 3% to flu-
conazole and 4% to itraconazole.33 In the present 
study, 7% of the isolates were resistant to itracona-
zole and MIC50 and MIC90 for the isolates were 0.125 
and 0.5 ug/ml. Once immunocompromised patients 
with fungal infections or suspicious to fungal infec-
tions were discharged from hospital, they received 
itraconazole for a long time which may cause high 
resistance to itraconazole in the C. albicans isolated 
from them. 

Amphotericin B is traditionally used in topical 
forms, although it may be administrated systemically 
for the treatment of systemic infections in the hospi-
talized patients. Citak et al., found that amphotericin 
B was an effective anti-fungal agent that could be used 
against all Candida isolates.34 But in Blignaut et al., 
(2002) 8.4% of C. albicans isolated were resistant to 
amphotericin B.8 In the present study, 7% of the iso-
lates were resistant to amphotericin B, and there was 
no strain that exhibited MICs greater than 4 μg/ml for 
the agent. Since the first line antifungal agent for sys-
temic fungal infection is amphotericin B, there might 
be highly suspected resistance for this drug. 

Published data for ketaconazole versus C. albicans 
tested by M27-A2 method or a very near equivalent 
one showed considerable disparities in MIC ranges 
and summary statistics.35 The report by Still et al. 
indicates that 90% of 142 C. albicans isolates from 
burns patients were inhibited only at or above 16 
μg/ml ketoconazole.7 In the present study, 7% of the 
isolates were resistant to ketoconazole and MIC90 for 
the isolates was 0.125 µg/ml.   

Table 3: Comparison between in-vitro antifungal susceptibility patterns of C. albicans (based on references) 
MIC(ug/ml) Antifungal 

Range 50% 90% 
Reference 

AmphotericinB 0.032-1 0.12 
1 
0.5 

0.5 
1 
1 

Present study 
  8 
31 

Fluconazole 0.125-64 0.12 
0.25 
0.125 
-- 
1.0 
-- 
0.12 

0.25 
0.25 
0.25 
1.0 
4.4 
0.5 
2 

Present study 
  8 
27 
28 
29 
30 
31 

Itraconazole 0.032-1 0.125 
0.03 
0.03 

0.5 
0.6 
0.5 

Present study 
  8 
31 

Voriconazole 0.032-4 0.032 
0.015 
0.031 
-- 
0.015 

0.125 
0.12 
0.031 
0.015 
0.12 

Present study 
  8 
27 
30 
31 

Ketoconazole 0.032-4 0.032 
0.007 
0.03 

0.125 
0.03 
0.5 

Present study 
  8 
31 

Nystatin 0.035-18.5 2.3 
4 
1 

4.6 
8 
1 

Present study 
  8 
31 
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Meanwhile, 1.2% of the isolates were resistant to 
nystatin. Nystatin is active against most Candida spe-
cies and is most commonly used for suppression of 
local candidal infections. No data was available in 
relation to resistance to nystatin. It is too toxic for 
parenteral administration and is only used topically. 
As shown in Table 3, comparison between in-vitro 
antifungal susceptibility of C. albicans isolated in 
different studies revealed that the MIC50 and MIC90 
for the isolates in this study against the above-
mentioned antifungals are the same or different in one 
or two dilutions.  

We conclude that an increasing rate of C. albicans 
resistance to antifungal agents may be due to the 
frequent use of these agents in the prophylaxis of 
fungal infections in immunocompromised patients. 
For this reason, it would be convenient to carry out 
antifungal susceptibility studies in order to establish 

the in-vitro activities of antifungal agents against 
local isolates and also to detect shifts toward 
resistance as early as possible. This study underscores 
the presence of C. dubliniensis, as reported for the 
first time from Iran; therefore, to consolidate the 
findings further investigations into geographical and 
epidemiological distributions seem warranted. 
 
 
Acknowledgements 
 
We would like to thank H. Khajehei , PhD for provid-
ing editorial assistance. This work was supported by 
Prof. Alborzi Clinical Microbiology Research Center, 
Shiraz University of Medical Sciences, Shiraz, Iran. 
 
Conflict of interest: None declared. 

 
 
References 
 

 
 
 

1 Sullivan DJ, Westerneng TJ, 
Haynes KA, Bennett DE, Coleman 
DC. Candida dubliniensis sp. nov.: 
phenotypic and molecular charac-
terization of a novel species associ-
ated with oral candidiasis in HIV-
infected individuals. Microbiology 
1995;141:1507-21. [7551019] 

2 Coleman DC, Sulivan DJ, Bennett 
DE, Moran GP, Barry HJ, Shanley 
DB. Candidiasis the emergence of a 
novel species, Candida dubliniensis. 
AIDS 1997;11:557-67. [9108936] 
[doi:10.1097/00002030-199705000-
00002] 

3 Pinjon F, Sulivan D, Salkin I., 
Shanley D, Coleman DC. Simple in-
expensive, reliable method for dif-
ferentiation of Candida dubliniensis 
from candida albicans. J Clin Micro-
biol 1998;36:2093-95. 

4 Lopez J, Pernot C, Aho S, Aho S, 
Caillot D, Vagner O, Dalle F, Durnet-
Archeray MJ, Chavanet P, Bonnin A. 
Decrease in Candida albicans strains 
with reduced susceptibility to flu-
conazole following changes in pre-
scribing policies. J Hosp Infect 
2001;48:122-8. [11428879] [doi:10. 
1053/jhin.2001.0982] 

5 National Committee for Clinical 
Laboratory Standards. Reference 
Method for Broth Dilution antifungal 
susceptibility testing of yeasts. Ap-
proved Standard. Document M27-
A2, 2nd ed, Wayne NCCLS, 2002. 

6 Barry AL, Pfaller MA, Brown SD, 
Espinel-Ingroff A, Ghannoum MA, 
Knapp C, Rennie RP, Rex JH, Ri-
naldi MG. Quality control limits for 

broth microdilution susceptibility tests 
of ten antifungal agents. J Clin Mi-
crobiol 2000;38:3457-9. [10970403] 

7 Still JM, Low JR, Belcher EJ, 
Spencer SA. A comparison of sus-
ceptibility to five antifungal agents of 
yeast cultures from burn patients. 
Burns 1995;21:167-170. [7794495] 
[doi:10.1016/0305-4179(95)80002-6] 

8 Blignaut E, Messer S, Hollis RJ, 
Pfaller MA. Antifungal susceptibility 
of South African oral yeast isolates 
from HIV/AIDS patients and healthy 
individuals. Diagn Microbiol Infect 
Dis 2002;44:169-174. [12458124] 
[doi:10.1016/S0732-8893(02)00440-6] 

9 Davey KG, Holmes AS, Johnson E 
M, Szekely A, Warnok DW. Com-
parative evaluation of FUNGITEST 
and broth microdilution methods for 
antifungal drug susceptibility testing 
of Candida species and Cryptococ-
cus neoformans. J clin Microbiol 
1998;36:926-30. [9542910] 

10 Kronvall G, Karlsson I. Fluconazole 
and voriconazole multidisk testing of 
Candida species for disk test cali-
bration and MIC estimation. J Clin 
Microbiol 2001;39:1422-28. [112 
83066] [doi:10.1128/JCM.39.4.1422-
1428.2001] 

11 Mannarelli BM, Kurtzman CP. Rapid 
identification of Candida albicans 
and other human pathogenic yeast 
by using short oligonucleotides in a 
PCR. J Clin Microbiol 1998;36:1634-
41. [9620392] 

12 Van Burik JA, Myerson D, 
Schreckhise RW, Bowden RA. Pan-
fungal PCR assay for detection of 

fungal infection in human blood 
specimens. J Clin Microbiol 1998; 
36:1169-75. [9574670] 

13 Pfaller MA, Messer SA, Hollis RJ, 
Jones RN, Doern GV,Brandt ME, 
Hajjeh RJ. Trends in species distri-
bution and susceptibility to flucona-
zole among bloodstream isolates of 
Candida species in the United 
States. Diagn Microbiol Infect Dis 
1999;33;217-22. [10212747] [doi: 
10.1016/S0732-8893(98)00160-6] 

14 Pfaller MA, Jones RN, Doern GV, 
Sader HS, Messer SA, Houston A, 
Coffman S, Hollis RJ. Bloodstream 
infections due to Candida species: 
SENTRY antimicrobial surveillance 
program in North America and Latin 
America, 1997-1998. Antimicrob 
Agents Chemother 2000;44:747-51. 
[10681349] [doi:10.1128/AAC.44.3. 
747-751.2000] 

15 Park S, Wong M, Marras SA, Cross 
EW, Kiehn TE, Chaturvedi V, Tyagi 
S, Perlin DS. Rapid identification of 
Candida dubliniensis using a spe-
cies-specific molecular beacon. J 
Clin Microbiol 2000;38:2829-36. 
[10921935] 

16 Sullivan D, Coleman D. Candida 
dubliniensis: characteristics and 
identification. J Clin Microbiol 1998; 
36:329-34. [9466736] 

17 Schoofs A, Odds FC, Colebunders R, 
Ieven M, Goossens H. Use of special-
ised isolation media for recognition 
and identification of Candida dub-
liniensis isolates from HIV-infected pa-
tients. Eur J Clin Microbiol Infect 
Dis 997;16:296-300. [9177963]

Archive of SID

www.SID.ir

http://www.irmj.ir


Molecular identification of C. albicans 
 

WWW.irmj.ir Vol 11 October 2009 397 

[doi:10.1007/BF01695634] 
18 Gales AC, Pfaller MA, Houston AK, 

Joly S, Sullivan DJ, Coleman DC, 
Soll DR. Identification of Candida 
dubliniensis based on temperature 
and utilization of xylose and alpha-
methyl-D-glucoside as determined 
with the API 20C AUX and vitek 
YBC systems. J Clin Microbiol 
1999;37:3804-8. [10565888] 

19 Mirhendi H, Makimura K, Zo-
morodian K, Maeda N, Ohshima T, 
Yamaguchi H. Differentation of 
Candida albicans and Candida dub-
liniensis using a single-Enzyme 
PCR-RFLP method. Jpn J infect Dis 
2005;58:235-7. [16116258] 

20 Toraman ZA, Bulut Y, Yilmaz M, 
Ozarendeli A. Molecular identifica-
tion of Candida albicans and Can-
dida dubliniensis strains isolated 
from clinical samples. Mikrobiyol Bul 
2005;39:199-204. [16128031] 

21 Colombo AL, Perfect J, DiNubile M, 
Bartizal K, Motyl M, Hicks P, 
Lupinacci R, Sable C, Kartsonis N, 
Perfect J, Dinubile M. Global distri-
bution and outcomes for Candida 
species causing invasive candidi-
asis results from an international 
randomize double-blind study of 
caspofungin versus amphotericin B 
for the treatment of invasive can-
didiasis. Europ J Clin Microbiol In-
fect Dis 2003;22:470-4. [12884068] 
[doi:10.1007/s10096-003-0973-8] 

22 Mariano Pde L, Milan EP, da Matta 
DA, Colombo AL. Candida dublinien-
sis identification in Brazilian yeast 
stock collection. Mem Inst Oswaldo 
Cruz 2003;98:533-8. [12937769] 

23 Moran GP, Sullivan DJ, Henman 
MC, McCreary CE, Harrington BJ, 
Shanley DB,  Coleman DC. Antifun-
gal drug susceptibilities of oral Can-
dida dubliniensis isolates from hu-
man immunodeficiency virus (HIV)-
infected and non-HIV-infected sub-
jects and generation of stable  

fluconazole-resistant derivatives in 
vitro. Antimicrob Agents Chemother 
1997;41:617-23. [9056003] 

24 Hartung de Capriles C, Mata-
Essayag S, Pérez C, Colella MT, 
Roselló A, Olaizola C, Abate SM. 
Detection of Candid adubliniensis in 
Venezuela. Mycopathologia 2005; 
160:227-34. [16205971] [doi:10. 
1007/s11046-005-6873-y] 

25 Hui M, Li RWF, Chan PL, Chin ML, 
Chu KC, Chan CY. In vitro activity of 
fluconazole and voriconazole against 
invasive Candida albicans isolates in 
patients with candidaemia from 
2001–2005 in Hong Kong 16th Euro-
pean Congress of Clinical Microbiol-
ogy and Infectious Diseases Nice, 
France April 1-4; 2006. 

26 Matar MJ, Ostrosky-Zeichner L, 
Paetznick VL, Rodriguez JR, Chen 
E, Rex JH. Correlation between E-
Test, Disk Diffusion, and Microdilu-
tion methods for antifungal suscep-
tibility testing of fluconazole and 
voriconazole. Antimicrob Agents 
Chemother 2003;47:1647-51. [127 
09335] [doi:10.1128/AAC.47.5.1647-
1651.2003] 

27 Pfaller MA, Diekema DJ, Messer SA, 
Boyken L, Hollis RJ. Activities of flu-
conazole and voriconazole against 
1,586 recent clinical isolates of Can-
dida species determined by Broth 
microdilution, disk diffusion, and 
Etest methods: report from the AR-
TEMIS Global Antifungal Susceptibil-
ity Program, 2001. J Clin Microbiol 
2003;41:1440-6. [12682127] [doi:10. 
1128/JCM.41.4.1440-1446.2003] 

28 Cantón E, Pemán J, Carrillo-Muñoz 
A, Orero A, Ubeda P, Viudes A, 
Gobernado M. Fluconazole suscep-
tibilities of bloodstream Candida sp. 
isolates as determined by National 
Committee for Clinical Laboratory 
Standards method M27-A and two 
other methods. J Clin Microbiol 
1999;37:2197-200. [10364585] 

29 Pfaller MA, Messer SA, Karlsson A, 
Bolmström A. Evaluation of the 
Etest method for determining flu-
conazole susceptibilities of 402 
clinical yeast isolates by using three 
different agar media. J Clin Micro-
biol 1998;36:2586-9. [9705397] 

30 Kuriyama T, Williams DW, Bagg J, 
Coulter WA, Ready D, Lewis MA. In 
vitro susceptibility of oral Candida to 
seven antifungal agents. Oral Mi-
crobiol Immunol 2005;20:349-53. 
[16238594] [doi:10.1111/j.1399-302 
X.2005.00236.x] 

31 McGinnis MR, Pasarell L, Sutton DA, 
Fothergill AW, Cooper CR Jr, Rinaldi 
MG. In vitro evaluation of voricona-
zole against some clinically important 
fungi. Antimicrob Agents Chemother 
1997;41:1832-4. [9257773] 

32 Morera-López Y, Torres-Rodríguez 
JM, Jiménez-Cabello T. In vitro sus-
ceptibility of fungal and yeast clinical 
isolates to itraconazole and vori-
conazole. Rev Iberoam Micol 2005; 
22:105-9. [16107169] 

33 Citak S, Ozçelik B, Cesur S, Abba-
soğlu U. In vitro susceptibility of 
Candida species isolated from blood 
culture to some anti-fungal agents. 
Jpn J Infect Dis 2005;58:44-6. 
[15728993] 

34 Bagg J, Sweeney MP, Lewis MA, 
Jackson MS, Coleman D, Al MA, 
Baxter W, McEndrick S, McHugh S. 
High prevalence of non-albicans 
yeasts and detection of antifungal 
resistance in the flora of patients 
with advanced cancer. Palliat Med 
2003;17:477-81. [14526879] [doi:10. 
1191/0269216303pm793oa] 

35 35 Rambali B, Fernandez JA, Nuffel 
LV, Woestenborgh F, Baert L, Mas-
sart DL, Odds FC. Susceptibility 
testing of pathogenic fungi with itra-
conazole: a process analysis of test 
variable. J Antimicrob Chemother 
2001;48:163-77. [11481285] 

 

Archive of SID

www.SID.ir

http://www.irmj.ir

