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This study aimed to evaluate the resistance levels of strains of Candida albicans to the antifungals 
commonly used in Abidjan, Cote d’Ivoire. This is a prospective study that was carried out from July to 
October 2017 at the mycology laboratory of the Institut Pasteur of Cote d’Ivoire. 105 Candida isolates, 
obtained from swabs taken from patients receiving out-patient treatment, were seeded on chromogenic 
medium. Identification of Candida species was carried out by MALDI-TOF mass spectrometry (Vitek MS 
bioMérieux). The susceptibility of C. albicans strains to 5-fluorocytosine, amphotericin B, fluconazole, 
itraconazole and voriconazole was evaluated using the microdilution technique in a semi-solid medium 
to determine the minimum inhibitory concentration with the ATB1 Fungus 3 kit. Out of 105 Candida 
strains, 68 (64.8%), including C. albicans, were identified on the chromogenic medium and confirmed by 
MALDI-TOF spectrometry. These C. albicans strains exhibited varying levels of resistance to the 
antifungals tested: 1.5% for 5-fluorocytosine, 26.3% for fluconazole, 39.7% for itraconazole, 27.9% for 
voriconazole. No resistance to amphotericin B was observed. C. albicans strains taken from ear pus 
swabs exhibited greater resistance (P = 0.0113). C. albicans is developing increasing resistance to 
common antifungals, hence the need for regular surveillance in resource-poor countries. 
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INTRODUCTION 
 
Candida albicans is a yeast that forms part of the 
commensal flora of healthy individuals. However, when 
the host-parasite equilibrium is disrupted, the yeast 
becomes opportunistic and colonises the skin and 
mucous surfaces in humans and many animal species. In 
humans,  this   yeast   poses   a   serious   health   threat, 

especially in patients with immune deficiency or 
undergoing immunosuppressive therapies. It is implicated 
in more than 80% of yeast infections (Gonsu et al., 2014). 
Its varied clinical spectrum ranges from superficial 
infections, in particular of the respiratory, digestive and 
genital  mucosa,   to   deep   (pulmonary   mycosis)    and
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disseminated (septicaemic mycosis) infections (Badillet et 
al., 1987).Traditional identification requires yeasts to be 
grown in biochemical test galleries or on chromogenic 
media and necessitates an incubation period of between 
24 and 72 h (Bernal et al., 1996). 

Unlike these so-called classical methods, matrix-
assisted laser desorption ionization- time of flight 
(MALDI-TOF) mass spectrometry directly analyses the 
various bacterial macromolecules, especially proteins, 
and therefore yields results more quickly (Lindsay et al., 
2010). It meets the need for precise, rapid diagnosis to 
deal more effectively with candidiasis.  

Indeed, it is admitted that antifungal drugs are 
classified in five groups: (i) Antifungals that affect 
ergosterol. (ii) Antifungals acting on the fungal cell wall, 
(iii) Nucleic acid inhibitors, (iv) Mitosis inhibitors and (v) 
Protein synthase inhibitors. Four types of antifungals are 
currently used to treat fungal infections (5-fluorocytosine, 
polyenes, azoles and echinocandins). In limited resource 
countries, echinocandins, a recent class, is not yet 
available (Bounouman-Ira et al., 2011). Management of 
Candida infections often runs into a number of issues, 
including the small number of effective antifungal drugs, 
the toxicity of available antifungals, Candida resistance to 
common antifungals, recurrence of Candida infections, as 
well as the high cost of antifungal drugs (Khan et al., 
2003, Klepser 2001). In addition this fact, in Cote d’Ivoire, 
antifungals are most often prescribed before susceptibility 
of the pathogenic fungi to the antifungals has been 
determined.  The aim of this study was to determine the 
resistance profile of C. albicans strains isolated in 
Abidjan. 
 
 
MATERIALS and METHODS 
 
Patients 
 
This is a prospective study carried out in the mycology laboratory in 
Institut Pasteur of Cote d’Ivoire (Cocody and Adopodoumé sites) 
from July to October 2017, on Candida isolates obtained from 
swabs taken from patients receiving out-patient treatment. Candida 
isolates came mainly from vaginal exudates, oropharyngeal and 
sperm swabs. The other swabs were taken from ear pus, sputum 
and stools. 
 
 
Culture on chromogenic media 
 
The isolates were cultured on chromogenic media (Candida 
Chromogenic agar, Condo S.A.Madrid, Spain), which allowed rapid 
identification of Candida species using the quadrant technique. 
After seeding, incubation was at 37°C for 24 to 48 h. Colonies were 
identified on the basis of their colour: C. albicans produces pale 
green colonies, C. tropicalis are blue-green, C. krusei are pink, and 
other species are white-pink. 

After identification of the Candida species, confirmation of the 
results was sought with MALDI-TOF mass spectrometry (Vitek MS 
BioMerieux, France) following manufacturer’s instructions.  A colony 
of the calibration strain, Escherichia coli ATCC 8739, was spotted 
onto a MALDI-TOF plate with 1 µl of matrix (α-cyano-4-
hydroxycinnamic  acid,  MS CHCA ref 411071). Using a sterile loop, 
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samples of each colony were then deposited in target wells for 
testing in duplicate. 0.5 μl of formic acid (Vitek MS-FA, ref 411071) 
was added to each well. After air drying (approximately 5 min) 1 µl 
of matrix was added on each spot and these were again dried. 
Once this was done, the slide was inserted into the Vitek MS, and 
analysis was instigated after transferring the data from the Prep 
Station to the Vitek MS. Sample preparation was performed using 
the Prep Station, a module consisting of a computer and a barcode 
reader, which are used to enter the various sample data and their 
sites onto the slide. Measurements were performed with the MALDI 
BioTyper MYLA® software and the spectra obtained were 
compared with those from the database for validation. The results 
were measured by two parameters, namely the degree of 
confidence or percentage score, and the confidence level of the 
different colours. Green colour and a score between 99.9 and 60% 
indicates good identification, orange colour and a score of < 60% 
indicates a low probability of identification, and when the colour is 
red with zero percentage, then no identification has been made. 
 
 
Resistance of C. albicans to antifungal drugs 
 
Anti-fungal susceptibility testing (Zhang et al., 2014) was done for 
68 isolates of C. albicans by using ATB Fungus 3® of Biomérieux. 
This method enables to determine the susceptibility of the C. 
albicans isolates to the antifungal agents in a semi-solid medium 
following the conditions recommended by the European Committee 
on Antibiotic Susceptibility Testing (EUCAST) and the   Clinical and 
Laboratory Standards Institute (CLSI) (National Committee for 
Clinical Laboratory Standards, 1997). ATB Fungus 3® was 
performed following manufacturer’s instructions. Briefly, ATB 
Fungus 3®of Biomérieux strip consists of 16 pairs of cupules 
including two growth control wells and five antifungal drugs at 
different concentrations: 5-Flucytosine (4, 16 µg/ml), Amphotericin 
B (0.5 to 16 µg/ml), Fluconazole (1 to 128 µg/ml), Itraconazole 
(0.125 to 4 µg/ml) and Voriconazole (0.06 to 8 µg/ml). The 
inoculated strips were used in duplicate (c and C) and were read 
visually after incubation at 37°C for 24 h. For each antifungal agent, 
the reading of the strips was started with the lowest concentration. 
The growth score was recorded for each of the wells and compared 
with the control wells as follows: No reduction in growth (4), slight 
reduction in growth (3), distinct reduction in growth (2), very weak 
growth (1) and no growth (0). For Amphotericin B, the minimum 
inhibitory concentration (MIC) of the Candida species corresponded 
to its lowest concentration, thus enabling complete growth 
inhibition. For Fluconazole, Itraconazole and Voriconazole, as the 
possibility of a trailing growth existed, the MIC corresponded to the 
lowest concentration of the anti-fungal agent, with which a score of 
2, 1 or 0 was obtained. For Flucytosine, a growth was looked for 
and was quantified in both the wells and tested for two 
concentrations. The results obtained gave an MIC that helps to 
classify the strain insensitive, intermediate or resistant. The anti-
fungal breakpoints used followed the CLSI guidelines (National 
Committee for Clinical Laboratory Standards, 1997).  

 
 
Statistical analysis 

 
The data were statistically analysed using the Graphpad instat 3 
software using the Chi-square test (x2) and the Pearson’s 
correlation test at an α risk of 5%. The p value < 0.05 was 
considered statistically significant. 

 
 
RESULTS 
 
The  105  Candida  isolates  came  mainly   from   vaginal
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Table 1. Candida species identification rates by using MALDI-TOF MS (N=105). 
 

Species 
Total number of samples Identification 

Score 
N=105 Rates (%) 

C. albicans 68 64.8 99.9 

C. tropicalis 15 14.3 99.9 

C. glabrata 9 8.6 99.9 

C. parapsilosis 7 6.6 99.9 

C. krusei 4 3.8 99.9 

C. guillermondii 2 1.9 99.9 

Total 105 100 99.9 
 

N: Total number of identification; C: Candida. 

 
 
 

Table 2. C. albicans in resistance pattern reported to antifungal drugs. 
 

Pattern 
Antifungal drugs [No. (%)] 

5 FC AMB FCA ITR VRC 

S 67 (98.5) 68 (100) 41 (60.3) 34 (50) 48 (69.2) 

I 0 0 9 (13.2) 7 (10.3) 2 (2.9) 

R 1 (1.5) 0 18 (26.3) 27 (39.7) 18 (27.9) 

 
 
 
Table 3. C. albicans in resistance pattern reported to antifungal drugs by localization. 
 

Antifungal 
drugs (%) 

Localisation of samples 

Vaginal Oropharyngeal Ear pus 

N=47 N=15 N=2 

n (%) 

S I R S I R S I R 

5FC 46 (97.9) 0 1(2.1) 15(100) 0 0 2(100) 0 0 

AMB 47(100) 0 0 15(100) 0 0 2(100) 0 0 

FCA 29(61.7) 7(14.9) 11(23.4) 7(46.7) 2(13.3) 6(40) 1(50) 0 1(50) 

ITR 25(53.2) 4(8.5) 18(38.3) 6(40) 2(13.3) 7(46.7) 0 0 2(100) 

VRC 32(68.1) 2(4.3) 13(27.7) 11(73.3) 0 4(26.7) 1(50) 0 1(50) 
 

N: Total number of identification; n represents the number front of the percentage. 

 
 
 

exudates (70.5%), oropharyngeal (19.1%) and sperm 
(4.4%) swabs. The other swabs were taken from ear pus 
(2.9%), sputum (1.5%) and stools (1.5%). 
 
 
Culture on chromogenic media and MALDI-TOF MS 
identification results 
 
A total of 68 strains of C. albicans (64.8%), 15 strains of 
C. tropicalis (14.3%) and 4 strains of C. krusei (3.8%) 
were identified by culture on chromogenic media. There 
were a further 18 strains (17.1%) of other species of 
Candida sp. All results were confirmed and Candida spp 
correctly identified by mass spectrometry with a score of 
99.9%. C. albicans which was the most prevalent (64.8%) 

species (Table 1). 
 
 
Resistance of C. albicans to antifungal drugs results 
 
A total of 68 strains of C. albicans were subjected to in 
vitro antifungal susceptibility testing. No resistance to 
amphotericin B was observed with a minimum inhibitory 
concentration of 0.5 μg/ml, while 1.5% of strains exhibited 
resistance to 5-fluorocytosine. Regarding the azoles 
tested, resistance to itraconazole was particularly high at 
39.7%, followed by voriconazole (27.9%) and fluconazole 
26.3% (Table 2). Concerning the type of sample, 
resistance was higher in C. albicans strains taken from 
ear pus (p = 0.0113) (Table 3). 



 
 
 
 
DISCUSSION 
 

Candidosic infections are most frequently caused by C. 
albicans, as evidenced by epidemiological studies carried 
out in the United States of America (Cleveland et al., 
2015), Europe (Klingspor et al., 2015), the Middle East 
(Sharifzadeh et al., 2013) and Africa (Kechia et al., 2015). 
C. albicans was the most prevalent strain (64.8%) in our 
series, as in several other studies (Bailly et al., 1995; 
Djohan et al., 2011; Kechia et al., 2015; Lacroix et al., 
2014). The predominance of C. albicans could be 
explained by its considerable ability to adhere to host 
constituents, as well as by its ability to modify its 
behaviour according to the environment and the secretion 
of lytic enzymes (Calderone and Fonzi, 2001), which 
involves specific ligand/receptor interactions with 
mannoproteins of the yeast wall (Hoyer et al., 1998). In 
undergoing dimorphic transition from the blastospore to 
filamentous state, C. albicans increases its adhesion 
properties, its intercellular penetration capacity and its 
secretion of proteases. The blastospores appear to 
initiate the infection, while hyphae are involved in it 
spreading. Hyphae are less easily phagocytosed 
because of their morphology, and their large size may 
cause the death of the macrophages. They are also able 
to penetrate easily into the epithelial and endothelial 
layers (Karkowska-kuleta et al., 2009; Roman et al., 
2007). Moreover, the secretion of hydrolytic enzymes 
during infection promotes virulence by degrading the 
surface of the host’s mucous membranes and immune 
defences. These enzymes are aspartyl proteinases 
(Saps), phospholipases and lipases (Arslan, 2016; 
Schaller et al., 2005). Although C. albicans is the species 
most commonly responsible for this infection, there are 
increasing reports of a rise in candidiasis due to other 
Candida species (Amouri et al., 2010; Bonouman-Ira et 
al., 2011; Panizo et al., 2009). 

C. albicans was isolated on Candida chromatic 
chromogenic medium along with C. tropicalis (14.3%) 
and C. krusei (3.8%), whereas in the Bernal et al. (1996) 
study, four Candida species: C. albicans, C. tropicalis, C. 
krusei and C. glabrata were identified using CHROMagar 
Candida with a very high percentage of reliability. With 
respect to C. albicans identification, the susceptibility and 
specificity obtained in another study using the same 
CHROMagar Candida chromogenic medium were 100% 
similar for each of the above-mentioned parameters 
(Odds and Bernaerts, 1994). 

All strains were identified by MALDI-TOF mass 
spectrometry with a score of 99.9 (Table 1). Six Candida 
species were identified, in contrast to Lacroix et al. 
(2014), who took surface and deep swabs from hospital 
patients in haematology, intensive care and undergoing 
kidney transplants, and obtained an overall identification 
rate of 98.2% with four species predominating: C. 
albicans (88%), C. dubliniensis (3.2%), C. krusei (4.6%) 
and C. tropicalis (4.1%) (Lacroix et al., 2014). Nocon 
(2013), on the other hand, identified 88.8% of bacteria  at 
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the species level: C. albicans (93.3%) and C. glabrata 
(66.6%). 

Our evaluation of C. albicans resistance to antifungals 
by ATB Fungus 3, a method of microdilution in a semi-
solid medium, revealed an increase in the level of C. 
albicans resistance to azole antifungals over the 9 years 
since Djohan’s study on the susceptibility of C. albicans 
strains of vaginal origin from the Institut Pasteur of Côte 
d’Ivoire. The level of resistance to itraconazole increased 
from 22.2 to 39.7%, to voriconazole from 11.1 to 27.7% 
and to fluconazole from 2.2 to 26.3%.  However, the data 
collected during the earlier study provide no indication of 
whether the patients received treatment before the 
examination, nor is it possible to clarify whether 
resistance is primary or secondary. 

Furthermore, abusive use of these molecules has led to 
rising incidences of antifungal resistance (Vandeputte et 
al., 2012). According to a study carried out in Abidjan in 
2008, C. albicans accounted for 72.6% of isolated strains 
of vaginal origin with varying rates of resistance to 
common antifungals: 2.2% for fluconazole, 11.1% for 
voriconazole and 22.2% for itraconazole (Djohan et al., 
2011). In Cameroon, more than half of Candida yeasts 
were resistant to fluconazole in 2012 (Gonsu Kamga et 
al., 2014). Elsewhere in the world, high C. albicans 
resistance to azoles has been reported by several 
authors (Bagg et al., 2005; Chryssanthou, 2001; 
Nasrollahi et al., 2015; Sandra et al., 2005). These high 
rates of antifungal resistance provide good reason for 
regular monitoring of C. albicans susceptibility to these 
drugs to ensure effective treatment of candidosic lesions. 

Azole antifungals are often the preferred treatments for 
many Candida infections because, on the one hand, they 
are inexpensive and, on the other, have low toxicity and 
can be administered orally (Berry et al., 1992; Whaley et 
al., 2017). Fluconazole is the most frequently prescribed 
antifungal for most C. albicans infections (Pfaller et al., 
2002). Its resistance rate varies a lot, so that while a 
higher resistance rate (94%) was observed in Tehran in 
2015 (Nasrollahi et al., 2015). In addition, Gonsu et al. 
(2014) found that over half of Candida yeasts were 
resistant to fluconazole. But, several authors have found 
low levels of fluconazole resistance (Jin-sol et al., 2007; 
Saporiti et al., 2001, Skrodeniene et al., 2006, Sobel et 
al., 2003), for example, St-Germain et al. (2001) found 
that only two out of 43 C. albicans isolates were 
fluconazole resistant, and these were isolates from one 
patient with AIDS and one with leukaemia, both of whom 
had already been treated with fluconazole. According to 
these authors, only patients who have already undergone 
long-term treatment with it are resistance to fluconazole. 
In contrast, El-Din et al. (2001), Sobel et al. (2004) and 
Khosravi et al. (2008), all reported no C. albicans 
resistance to fluconazole. 

The high levels of resistance to voriconazole and to 
itraconazole found in our study are not consistent with the 
results of some other studies. Indeed, several authors 
have reported no voriconazole resistance  (Jin-Sol  et  al., 
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2007; Kronvall and Karlsson, 2001; Panizo et al., 2009; 
Pfaller et al., 2002; Tortorano et al., 2003). As for 
Itraconazole, moderate resistance rates of 13, 16.2 and 
18% were reported, respectively, by Chryssanthou 
(2001), Bagg and Sandra (2005), in contrast to Khosravi, 
who found no C. albicans resistance to this drug in 2008. 

Resistance to azoles frequently occurs when the target 
(14-α-demethylase) is modified. This enzyme is involved 
in synthesis of ergosterol within the membrane and is 
encoded by the Cyp51 gene (also called ERG11). Spot 
modifications of Cyp51 reduce the azole’s affinity for its 
target. Only mutations at specific positions lead to 
resistance to an azole or to all azole drugs. In yeasts 
such as C. albicans, resistance to azoles is also related 
to increased activity of efflux pumps, which leads to rapid 
elimination of the antifungals (Guillot and Dannaoui, 1995). 

Our study confirmed the excellent in vitro activity of 
amphotericin B on C. albicans with an MIC ranging from 
0.5 to 1 mg/L (Khosravi et al., 2008; Panizo et al., 2009; 
Sandra et al., 2005; Skrodeniense et al., 2006). Several 
authors have also observed low levels of resistance to 
fluorocytosine (Godoy et al., 2003; Sandra et al., 2005; 
St-Germain et al., 2001), although Khosravi found 
increased levels of resistance (83.2%) in Tehran in 2008. 
Fluorocytosine resistance develops rapidly when the 
molecule is used alone, which has to do with a combined 
deficiency of its penetration (alteration of a purine-
cytosine permease) or its metabolism (alteration of 
cytosine deaminase or UMP pyrophosphorylase) in the 
fungal cells (Dannaoui et al., 2012). 

Low levels of fluconazole resistance in C. albicans 
strains of oropharyngeal origin have been observed by 
Bailly et al. (1995). In their study, nine of the 108 strains 
(8.3%) exhibited microbiological resistance to 
fluconazole, a result consistent with previous studies that 
identified resistant C. albicans strains in vitro (Regli et al., 
1992; Ruhnke et al., 1994). It was not possible to verify 
whether patients from whom five of the resistant C. 
albicans strains were isolated had taken fluconazole in 
the 30 days preceding specimen collection. The 
remaining 4 strains were isolated from patients receiving 
fluconazole chemoprophylaxis, a situation consistent with 
secondary resistance. 

Previous studies have shown that C. albicans is usually 
sensitive to most azoles (Amouri et al., 2010; Jin-Sol et 
al., 2007). It would be interesting to realize the resistance 
of C. albicans to antifungals from other tests, based on 
the principle of MIC, developed according to the protocol 
of the CLSI or the EUCAST, by incorporating sensitive 
and resistant reference strains, to compare the data on 
the resistance of C. albicans to antifungals. 

 
 
Conclusion 

 
Our study shows that C. albicans which was the most 
prevalent (64.8%) species, is not resistant to Amphotericin 

 
 
 
 
B, medicine commonly used to cure candidosic affections 
in Côte d'Ivoire. However, the relatively high level of 
resistances observed with itraconazole, voriconazole and 
fluconazole constitute a real challenge and calls for 
national strategies to monitor the resistance patterns of 
the antifungals used and to determine the different 
underlying mechanisms, particularly in African countries, 
where the burden of HIV/AIDS is still a problematic issue. 

 
 
CONFLICT OF INTERESTS 

 
The authors have not declared any conflict of interests. 

 
 
ACKNOWLEDGMENT 

 
The authors are grateful to the managers and staff of 
Institut Pasteur of Cote d’Ivoire for technical assistance. 

 
 
REFERENCES 

 
Amouri I, Abbes S, Sellami H, Makni F, Sellami A, Ayadi A (2010). 

Vulvovaginal candidiasis: A review. Journal of Medical Mycology 
20(2):108-115. 

Arslan S, Koç AN, Şekerci AE, Tanriverdi F, Sav H, Aydemir G, Diri H 
(2016). Genotypes and virulence factors of Candida species isolated 
from oral cavities of patients with type 2 diabetes mellitus. Turkish 
Journal of Medical Sciences 46(1):18-27. 

Badillet G, Bievre C, Gueho E (1987). Champignons contaminants des 
cultures. Champignons opportunistes. Atlas clinique et biologique 
Varia; 2:132- 216. 

Bagg J, Petrina Sweeney M, Andrew N. Davies, Margaret S. Jackson, 
Susan B (2005). Voriconazole susceptibility of yeasts isolated from 
the mouths of patients with advanced cancer. Journal of Medical 
Microbiology 54(10): 959-964. 

Bailly C, Vagner O, Aho S, Lopez J, Caillot D, Cuisenier B, Fussy A, 
Chavanet P, Freysz M, Bonnin A, Camerlynck P (1995). In vitro 
fluconazole susceptibility of 164 Candida spp. strains isolated from 
blood cultures or oropharynx in patients treated or not treated 
prophylactically with fluconazole. Médecine et Maladies Infectieuses 
25(8-9): 919-926. 

Bernal S, Martin Mazuelos E, Garcia M, Aller A I, Martinez MA, and 
Gutiérrez MJ (1996).  Evaluation of CHROMagar Candida Medium 
For the Isolation and Presumptive Identification of Species of 
Candida of Clinical Importance. Diagnostic Microbiology and 
Infectious Disease 24(4):201-204. 

Berry AJ, Rinaldi MG, Graybill JR (1992). Use of high-dose fluconazole 
as salvage therapy for cryptococcal meningitis in patients with AIDS. 
Antimicrobial Agents and Chemotherapy 36(3):690-692. 

Bonouman-Ira V, Angora E , Djohan V, Vanga-Bosson H, Sylla-Thanon 
K,  Beourou S, Touré AO, Faye-Ketté H, Dosso M, Koné M (2011). 
Resistance of Candida no albicans in Abidjan in 2011. Revue Bio-
Africa 9:27-31.  

Calderone RA, Fonzi WA (2001). Virulence factors of Candida albicans. 
Trends Microbiology 9(7):327-335.   

Cleveland AA, Harrison LH , Farley M M ,Hollick R ,Stein,B, Chiller TM, 
Lockhart SR,, Park BJ (2015). Declining incidence of candidemia and 
the shifting epidemiology of Candida resistance in two US 
metropolitan areas, 2008-2013: results from population-based 
surveillance. PLoS ONE 10(3): e0120452. 

Chryssanthou E (2001). Trends In antifungal susceptibility among 
Swedish  Candida  species  bloodstream  isolates from 1994 to 1998:  

https://www.sciencedirect.com/science/journal/0399077X


 
 
 
 

Comparison of the E-test and the Sensititre Yeast One Colorimetric 
Antifungal Panel With the NCCLS M27A reference method. Journal 
of Clinical Microbiology 39: 4181-4183. 

Dannaoui E, Desnos-Ollivier M, Garcia-Hermoso D, Grenouillet F, 
Cassaing S, Baixench MT, Bretagne S, Dromer F, Lortholary O, 
French Mycoses Study Group (2012). Candida spp. with acquired 
echinocandin resistance, France, 2004-2010. Emerging Infectious 
Diseases 18:86-90. 

Djohan V, Angora KE, Vanga-Bosson AH, Konaté A, Kassi FK. Yavo W, 
Kiki-Barro PC, et col (2011). In vitro susceptibility of vaginal Virulence 
factors of Candida albicans. Trends Microbiology to antifungal drugs 
in Abidjan (Cote d’Ivoire). Journal of Medical Mycology 22(2):129-
133. 

El-Din S, Reynolds TM, Ashbee HR, Barton RC, Evans EG (2001). An 
Investigation into the pathogenesis of vulvovaginal candidiasis. 
Sexually Transmitted Infections 77:179-183. 

Gonsu  Kamga H, Kechia Agem FA, Tegankam D, Toukam M, Sando Z, 
Moyou Somo R (2014). Antifungal susceptibility patterns among the 
clinical isolates of Candida spp. in digestive candidiasis in the HIV-
positive subjects. Health Sciences and Diseases 15(3).  

Godoy P, Tiraboschi IN, Severo LC, Bustamante B, Calvo B, Almeida 
LP, da Matta DA, Colombo AL (2003).  Species distribution and 
antifungal susceptibility profile of Candida spp. Bloodstream isolates 
from Latin American hospitals. Memórias do Instituto Oswaldo Cruz 
98(3):401-405. 

Guillot J, Dannaoui E (2015). Resistance to antifungal drugs: 
importance in human and veterinary medicine. Bulletin de l'Académie 
Vétérinaire de France Tome 168(4):314-319. 

Hoyer LL, Payne TL, Bell M, Myers AM, Scherer S (1998). Candida 
albicans ALS3 and insights into the nature of the ALS gene family. 
Current Genetics 33:451-459. 

Jin-Sol L, Jong HS, Kyungwon L, Mi-Na K, Bo-Moon S, Young U 
(2007). Species distribution and susceptibility to azole antifungals of 
Candida bloodstream isolates from eight university hospitals in 
Korea. Yonsei Medical Journal 48:779-86. 

Karkowska-Kuleta J, Rapala-Kozik M, Kozik A (2009). Fungi pathogenic 
to humans: Molecular bases of virulence of Candida albicans, 
Cryptococcus neoformans and Aspergillus fumigatus. Acta 
Biochimica Polonica 56:211-224. 

Kechia FA, Dohbit JS, Kouotou EA, Iwewe SY, Dzoyem JP, 
Mbopuwouo NM, Monamele CG, Moyou SR (2015). Epidemiologic 
and mycological pattern of vulvo-vaginal candidiasis in pregnancy in 
Yaounde. Health Sciences and Diseases 16(4):1-6. 

Khan ZU, Chandy R, Metwali KE (2003). Candida albicans strain 
carriage in patients and nursing staff of an intensive care unit: A 
study of morphotypes and resistotypes. Mycoses 46:476-486. 

Khosravi AR, Shokri H, Mansouri P, Katiraee F, Ziglari T (2008). 
Candida species isolated from nails and their in vitro susceptibility to 
antifungal drugs in the department of dermatology (University of 
Tehran, Iran). Journal of Medical Mycology 18:210-215. 

Klepser ME (2001). Antifungal resistance among Candida species. 
Pharmacotherapy 21:124-132. 

Klingspor L, Tortorano AM, Peman J, Willinger B, Hamal P, Sendid B, 
Velegraki A, Kibbler C, Meis JF, Sabino R, Ruhnke M, Arikan-Akdagli 
S, Salonen J, Dóczi I (2015). Invasive Candida infections in surgical 
patients in intensive care units: A prospective, multicentre survey 
initiated by the European Confederation of Medical Mycology 
(ECMM) (2006-2008). Clinical Microbiology and Infection 
21(1):87.e1-87.e10. 

Kronvall G, Karlsson I (2001). Fluconazole and voriconazole multidisk 
testing of Candida species for disk test calibration and MIC 
estimation. Journal of Clinical Microbiology 39(4):1422-1428. 

Lacroix C, Gicquel A, Sendid B, Meyer J, Accoceberry I, Francçois N, 
Morio F, Desoubeaux G, Chandenier J, Kauffmann-Lacroix C, 
Hennequin C, Guitard J, Nassif X, Bougnoux M-E (2014). Evaluation 
of two matrix-assisted laser desorption ionization-time of flight mass 
spectrometry (MALDI-TOF MS) systems for the identification of 
Candida species.  Clinical Microbiology and Infection 20(2):153-158. 

Lindsay G, Steven K, Yvonne R, Adrian M, Patrick R (2010). Evaluation 
of Matrix-Assisted Laser Desorption Ionization-Time of Flight Mass 
Spectrometry for Identification of Clinically Important Yeast Species. 
Journal of Clinical Microbiology 48(10):3482-3486. 

Kouadio-Yapo et al.          577 
 
 
 
Nasrollahi Z, Yadegari MH, Roudbar MS, Roudbary M, Hosseini PM, 

Nikoomanesh F, Bazl MR (2015). Fluconazole Resistance Candida 
albicans in Females With Recurrent Vaginitis and Pir1 
Overexpression. Jundishapur Journal of Microbiology 8(9):e21468. 

National Committee for Clinical Laboratory Standards (1997). 
Reference Method for Broth dilution. Antifungal Susceptibility Testing 
of Yeasts; Approved Standard. Document M27-A 17, 1/29. 22(15). 

Nocon C (2013). Evaluation des performances du spectre de masse 
MALDI-TOF MICROFLEX LT Bruker comparées à celle du spectre 
VITEK BIOMERIEUX et demarche d’accréditation. https://pepite-
depot.univ-lille2.fr/nuxeo/site/esupversions/f6ce20e2-6556-4e88-
a7d7-7e01875b040 

Odds FC, Bernaerts R (1994). CHROMagar Candida, a new differential 
isolation medium for presumptive identification of clinically important 
Candida species. Journal of Clinical Microbiology 32:1923-1929. 

Panizo MM, Reviakina V, Dolande M, Selgrad S (2009). Candida spp in 
vitro susceptibility profile to four antifungal agents. Resistance 
surveillance study in Venezuelan strains. Journal of Medical 
Mycology 47:137-143. 

Pfaller MA, Messer SA, Hollis RJ, Jones RN, Diekema DJ (2002). In 
vitro activities of ravuconazole and voriconazole compared with those 
of four approved systemic antifungal agents against 6,970 clinical 
isolates of Candida spp. Antimicrobial Agents and Chemotherapy 
46(6):1723-1727. 

Regli P, Blancard A, Goudard M, Moulin-Traffort L, Sarzier JM, Quilici M 
(1992). Evaluation in vitro susceptibility of yeasts for fluconazole. 
Pathologie Biologie 40:500-506.  

Roman E, Arana DM, Nombela C, Alonso-Monge R, Pla J (2007). MAP 
kinase pathways as regulators of fungal virulence. Trends in 
Microbiology 15:181-190. 

Ruhnke M, Eigler A, Engelmann E, Geiseler B, Trautmann M (1994). 
Correlation between antifungal susceptibility testing of Candida 
isolates from patients with HIV infection and clinical results after 
treatment with fluconazole. Infection 22:72-75. 

Sandra SR, Rudolph PG, Shawn AM, Richard JH, Daniel JD, Michael A 
(2005). Antifungal susceptibilities of Candida Species causing 
vulvovaginitis and epidemiology of recurrent cases. Journal of Clinical 
Microbiology 43:2155-2162. 

Saporiti AM, Gomez D, Levalle S, Galeano M, Davel G, Vivot W, Et al., 
(2001). Vaginal candidiasis: etiology and sensitivity profile to 
antifungal agents in clinical use. Revista Argentina de Microbiología 
33:217-222. 

Schaller M, Borelli C, Korting HC, Hube B (2005). Hydrolytic enzymes 
as virulence factors of Candida albicans. Mycoses 48:365-377.  

Sharifzadeh A, Khosravi AR, Shokri H, Asadi Jamnani F, 
Hajiabdolbaghi, M, Ashrafi Tamami I (2013). Oral microflora and their 
relation to risk factors in HIV+ patients with oropharyngeal 
candidiasis. Journal of Medical Mycology 23(2):105-12.  

Skrodeniene E Dambrauskiene A, Vitkauskiene A (2006). Susceptibility 
of yeasts to antifungal agents in Kaunas University of Medicine 
Hospital. Medicina (Kaunas) 42:294-299. 

Sobel JD, Wiesenfeld HC, Martens M, Danna P, Hooton TM, Rompalo 
A, Malcolm Sperling, Charles Livengood 3rd, Benson Horowitz, 
James Von Thron, Libby Edwards, Helene Panzer, Teng-Chiao Chu 
(2004). Maintenance fluconazole therapy for recurrent vulvovaginal 
candidiasis. New England Journal of Medicine 351:876-883.  

Sobel JD, Zervos M, Reed BD, Hooton T, Soper D, Nyirjesy P, Heine 
MW, Willems J, Panzer H (2003). Fluconazole Susceptibility of 
vaginal isolates obtained from women with complicated Candida 
vaginitis: Clinical implications. Antimicrobial Agents and 
Chemotherapy 47:34-38.  

St-Germain G, Laverdière M, Pelletier R, Bourgault AM, Libman M, 
Lemieux C, Noël G (2001). Prevalence and antifungal susceptibility of 
442 Candida isolates from blood and other normally sterile sites: 
Results of a 2-Year (1996 to 1998) Multicenter Surveillance Study in 
Quebec, Canada. Journal of Clinical Microbiology 39(3):949-953. 

Tortorano AM, Rigoni AL, Biraghi E, Prigitano A, Viviani MA, FIMUA-
ECMM Candidaemia Study Group (2003). The European 
Confederation of Medical Mycology (ECMM) survey of candidaemia 
in Italy: Antifungal susceptibility patterns of 261 non-Candida albicans 
isolates from blood. The Journal of Antimicrobial Chemotherapy 
52:679-682. 

https://www.journals.elsevier.com/pathologie-biologie
https://www.journals.elsevier.com/revista-argentina-de-microbiologia
https://www.journals.elsevier.com/revista-argentina-de-microbiologia


578         Afr. J. Microbiol. Res. 
 
 
 
Vandeputte P, Ferrari S, AlixT Coste (2012). Antifungal resistance and 

new strategies to control fungal. International Journal of Microbiology 
2012:26p. 

Whaley SG, Berkow EL, Rybak JM, Nishimoto AT, Barker KS, Rogers 
PD (2017). Azole Antifungal Resistance in Candida albicans and 
Emerging Non-albicans Candida Species. Frontiers Microbiology 
7:2173.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Zhang L, Wang H, Xiao M, Kudinha T, Mao LL, Zhao HR, Kong F, Xu 

YC (2014). The widely used ATB FUNGUS 3 automated readings in 
China and its misleading high MICs of Candida spp. to azoles: 
Challenges for developing countries' clinical microbiology labs. PLoS 
One 2014;9:e114004. 

 
 


