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Abstract—The present study was aimed to determine some biological parameters among some clinical isolates of Candida species and 
their sensitivity or resistance towered some antifungal drugs.A total of 120 oral swabs were obtained from 120 patients suffering from oral 
thrush who attending Al-Sader Teaching Hospital in Al-Najaf (76 males and 44 females), 42 vaginal swabs were obtained from 42 women 
suffering from vaginal candidiasis who attending Al-Sader Teaching Hospital in Al-Najaf Provence, Iraq and 30 swabs from 30 healthy 
individualsof no obvious infections with oral thrush or vaginal candidiasis. The cultural and biochemical methods were used in Candida 
species isolation and identification besides API 20C Aux and CHROMagarCandida medium. Some virulence factors have been made 
including germ tube production, chlamydospore production, cyclohiximide resistance, adhesion, phospholipase production, and lipase 
production test.Drug sensitivity test in two methods disk division and minimal inhibition concentration were used to determinate the 
sensitive and resistance isolates towered some antifungal drugs. The results of swabs cultures revealed positive Candida species growth 
in 86/120 (71.67%) from the total oral swabs, 13/42 (30.9 %) from vaginal swabs samples, and only 8/30 (26.67%) from the healthy 
donors. The identification by the API 20C Aux showed five species, C. albicans 85/107 (79.4%), C. tropicalis 12 (11.3%), C. parapsilosis 5 
(4.6%), C. krusei 3 (2.9%) and C. rugosa 2 (1.8%). The results of CHROMagar test were confirmed the results of the API 20C Aux yeast 
identification system. In this test, the colony color of Candida species on CHROMagarCandida medium weregreen for C. albicans,blue 
surrounded by a typical pink halo for C. tropicalis,pink for C. krusei,purple with halo for C. parapsilosis and pink with white border for C. 
rugosa. C. albicans isolates showed positive results for germ tube, chlamydospore production, growth in the presence of cycloheximide 
and adhesion test. Tobacco agar test was positive only to C. krusei and C. rugosa isolates, phospholipase assay was positive to C. 
albicans, C. tropicalis and C. parapsilosis. Lipase assay was positive to C. albicans and C. krusei.Disk diffusion method results revealed 
that the nystatin (NS 100 IU) was the most effective antifungal which inhibited 100% of Candida species isolates, followed by amphotericin-
B (AP 100 IU) that inhibited 96.6% of the isolates. Clotrimazole (CC 10µg), ketoconazole (KT 10µg), and itraconazole (IT 10µg) inhibited 
81%, 65.4% and 61.5% of the isolates respectively. Fluconazole (FLC 10µg) was the less effective antifungal which inhibited only 43.4% of 
all the isolates. The statistical analysis (p≤ 0.01) showed significant differences among the tested isolates after compared with the standard 
inhibition zone diameters. The MIC results demonstrated that nystatin was the most active antifungal drug that inhibit the growth of all 
Candida isolates (100%) by 0.07 µg/ml. (94%) of all isolates were determined susceptible to amphotericin B at 0.5µg/ml, (83.5%) to 
clotrimazole at 0.125 µg/ml, (69.7%) to ketoconazole at 0.125 µg/ml, (62%) to itraconazole at 0.125 µg/ml and (48.5%) to fluconazole at 64 
µg/ml, the statistical analysis (p≤ 0.01) showed a significant differences among the tested isolates after compared with the standard values 
of MIC breakpoints of antifungal drugs.All the Candida isolates in this study showed a high level drug resistance and the differences in drug 
sensitivity among them were consistent with their phenotype features.  

Index Terms—C. albicans,C. tropicalis,C. parapsilosis, C. krusei, C. rugosa,Antifungal drugs, Multidrug resestance,and Chrom agar.   

———————————————————— 

1 INTRODUCTION
andida species are part of the normal flora of the oral 
cavity in many individuals but are normally only 
present in small numbers. According to several studies, 

they colonized in 20% to 40% of healthy individuals, and they 
become predominant flora in more than 60% of immunocom-
promised subjects[1],especially in HIV patients, the elderly, 
neonates and patients undergoing chemotherapy, antibacterial 
therapy or invasive procedures, where they can cause oppor-
tunistic infections [2].Candida species are opportunistic fungal 
pathogen that cause severe blood and disseminated infections. 
The incidence of these infections has markedly increased over 
the past decade, due to the increase of immunocompromised 
and neutropenic patients after organ transplantation, cancer 
therapy or AIDS [3]. In these populations, C. albicans is asso-
ciated with a high mortality rate and the obvious economic 
consequences [4]. There is a dramatic change in the incidence 
of different Candida species in candidiasis during the last five 
years [5]. 

The pathogenetic effects of only 22 of Candida species have 

been recognized in humans and include C. albicans, C. tropica-
lis, C. krusei, C. parakrusei, C. parapsilosis, C. pseudotropicalis, C. 
zeylanoides, Candida glabrataand C. guilliermondii[6].Factors 
such as transplant surgery and concomitant immunosuppres-
sive therapies, anti-cancer therapies, medical devices that tra-
verse the protective skin barrier (e.g., central venous lines, 
catheters, etc.), broad-spectrum antibacterial therapies, corti-
costeroid therapies, certain disease states (e.g., malignancy, 
human immunodeficiency virus infection, etc.), and others 
have contributed to increased numbers of immunocompro-
mised individuals [7]. One of the major reasons for the in-
crease in Candida infections is the development of its resistant 
strains to azole drugs, such as fluconazole used in the prophy-
laxis and treatment of candidiasis [8].Although some antifun-
gal drugs are available, fluconazole is still considered the drug 
of choice to treat most Candida infections [9]. However, long-
term exposure to fluconazole, as well as fluconazole underdo-
sage during the empirical regimens leads to an increased resis-
tance phenomena [10]. Thus, the understanding of the molecu-
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lar mechanisms underlying azole resistance in C. albicans is 
necessary in order to discover new antifungal agents that cir-
cumvent drug resistance and could guide the choice of the 
appropriate antifungal treatment at the onset of infection [11].  

 In the present study aimed to determine some of bio-
logical parameters among some clinical isolates of Candida 
species based on their sensitivity or resistance to these para-
meters by using some phenotypic techniques, and some viru-
lence factors determination.  

2 METHODOLOGY 
2.1 Patients Group 
Oral Candidiasis: One-hundred twenty patients (76 males and 
44 females), who attending Al-Sader Teaching Hospital in Al-
Najaf their ages ranged from 1-10 years, they were suffering 
from oral thrush were included in this study.  
Vaginal Candidiasis:Forty twowomen who attending Al-
Sader Teaching Hospital in Al-Najaf their ages ranged from 
25-50 years suffering from vaginal candidiasis were included 
in this study.All the patients were diagnosed clinically by spe-
cialist physician as oral thrush and vaginal candidiasis. 
Control Group:Thirty subjects of no obvious infections with 
oral thrush or vaginal candidiasis were considered as control 
group.Their ages were same as patients group. 

2.2 Specimens Collection 
A total of 120 oral swabs were obtained from patients who 
suffering from oral thrush. And 30 swabs from healthy indi-
viduals. Specimens were taken using sterile swabs, and then 
transported to the laboratory for diagnosis. Forty two vaginal 
swabs were taken by the gynecologist from pregnant and non-
pregnant women with excessive vaginal discharge, purities 
vulva dysuria, and irritation. 

2.3 Isolation and Identification 
Single colonies of each isolate were obtained by streaking each 
swab sample onto Sabouraud’s Dextrose Agar (SDA) contain-
ing 0.05g/L chloramphenicol , and incubated at 37ºC for 48hrs. 
All the isolates were saved by culturing them for 24 h in vials 
containing slant of SDA, then 1ml of glycerol was added to 
each vial and kept at -20ºC.Identifications were made by refer-
ence to the API Analytical Profile Index using the API 20C 
AUX yeast identification system(BioMérieux, France). Results 
were considered correct when the profile was listed as excel-
lent, very good or acceptable and if results were in agreement 
with the reference identification [12]. 

2.4 Tobacco Test 
Tobacco agar plates were prepared according to Khan et al 

[13]. The plates werestreaked with a small amount of inocu-
lums from the isolated colonies. The culture plates were incu-
bated at 28ºC and observed daily up to 96 hours for colony 
characteristics, such as surface topography (rough or smooth), 

formation of hyphal fringes at the periphery and color. 

2.5 CHROM Agar Test 
This test was performed by inoculating CHROM Agar Can-

dida Medium (Hi-Media, India)with isolated colony taken 
from Candida isolates culture grown on SDA for 24 hours, and 
then incubated at 30˚C for 24-48 hours. CHROM Agar test was 
used for the presumptive identification of Candida species by 
the color of the growth produced (C.albicans= green/blue 
green; C. tropicalis = blue; C. krusei = pink)[14]. 
2.6 Virulence Factors 
2.6.1 Germ Tube Production 

This used as a differential test for identification of Candida 
albicans. The procedure was carried out as follows; a small 
inoculum of the test yeast cells from a pure culture was sus-
pended in 0.5 ml human serum. The suspension was incu-
bated at 37ºC for exactly three hours after which a drop of the 
incubated serum was placed on a microscope slide and cov-
ered with a cover slip. The wet mounts were examined for 
presence of germ tubes using the 100× lens. The isolates were 
classified as either germ tube positive or germ tube negative 
[15]. 

2.6.2Chlamydospore Production  
Chlamydospore production on corn meal agar was used as 

a presumptive confirmatory test for the identification of Can-
dida albicans.  The test involved streaking and stabbing the 
media with a 48 hour old yeast colony and, incubated at 25 °C 
for 72 hours. A small portion of the colony was placed on a 
slide containing a drop of lactophenol cotton blue then cov-
ered with cover slip and examined under the microscope 40× 
lens. The isolates were categorized as chlamydospore positive 
or negative [16]. 

2.6.3 Resistance to Cycloheximide (Actidione) Test 
SDA plates containingcycloheximide (0.5 g/L) were inocu-

lated with a small portion of the yeast colony by a loop. The 
cultures were incubated at 30ºC for 7 days. Growth present 
indicates resistance of the isolate to cycloheximide[17]. 
 
2.6.4 Adherence Assay 

The candidal adhesion assay was performed as follows: An 
overnight culture of Candida isolates on Sabouraud’s dextrose 
agar was harvested by using a loop and suspended in PBS in a 
turbidity adjusted to match a 0.5 McFarland density standard 
resulting in a suspension containing 5×106 yeast cells/ml. 
Then 1 ml from this suspension was mixed with 1 ml of a sus-
pension containing buccal cavity cells, obtained by swabbing 
the buccal mucosa and suspended in PBS. The mixture was 
incubated in a shaking incubator operated at 80 rpm at 37ºC 
for 1 h. A drop of this mixture was mounted on a glass slide, 
air-dried, heat-fixed and stained with crystal violet for 1 min 
and adherence assayed microscopically at 40× lens[18]. 

2.6.5: Lipase Production Assay 
This test was performed by preparing Rhan media which 

prepared according to Rodina[19].The plates were inocula-
tedwith isolated colony taken from Candida species culture 
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grown on SDA for 24 hours, and then incubated at 30˚C for 1-5 
days. The appearance of white sediment around the grown 
colonies refers to the positive result [19]. 

2.6.6 Phospholipase Production Assay  
Candida species were screened for production of extracellu-

lar phospholipase activity by growing them on egg yolk agar 
and measuring the size of the zone of precipitation by the me-
thod of Price et al[20], as follows: A 10 µl suspension was 
placed on the surface of the egg yolk medium in a 90-mm-
diameter Petri dish and left to dry at room temperature. The 
culture was then incubated at 37ºC for 48h, after which the 
colony diameter and colony diameter plus precipitation zone 
were measured for each isolate. Calculation of of phospholi-
pase activity was performed according to Price et al.[20]: 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑/𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 +  𝑍𝑍𝐶𝐶𝐶𝐶𝑑𝑑 𝐶𝐶𝑜𝑜 𝑝𝑝𝑑𝑑𝑑𝑑𝑝𝑝𝑑𝑑𝑝𝑝𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝐶𝐶𝐶𝐶 = 𝑃𝑃𝑃𝑃 
Pz coefficient was classified as:Negative (Pz = 1.00), Posi-
tive(0.64 ≤ Pz< 1.00) and strongly positive (Pz<0.64). 
 
2.7 Antifungal Susceptibility Test 
2.7.1 Disk Diffusion Method: Six types of antifungal drug 
discs were used in current study: fluconazole (FLC 10µg), ke-
toconazole (KT 10µg), itraconazole (IT 10µg), clotrimazole (CC 
10µg), nystatin (NS 100 IU) and amphotericin-B (AP 100 IU).  
The diameter of inhibition zone for individual antifungal drug 
was translated in terms of sensitive and resistant categories 
referring to an interpretation chart of CLSI document M44-A 
[21](Table 1).  

Table 1 
Standard values of growth inhibition zones diameter (mm) of 
antifungal drugs used in this study based on CLSI document 

M44-A [21] 

 
 
2.7.2 Determination of Minimal Inhibitory Concentrations 
(MICs): The minimal inhibitory concentrations (MICs) were 
established using agar dilution method.The following drugs 
were used in a suggested concentration according to CLSI 
M27-A2 [22]: 
Amphotericin B 0.03 to16 μg/ml. 
Ketoconazole 0.03 to16 μg/ml. 
Clotrimazole 0.03 to16 μg/ml. 
Itraconazole 0.03 to16 μg/ml. 
Fluconazole 0.125 to 64 μg/ml. 
Nystatin 0.7 to18.5 μg/ml. 

The MIC was compared with Standards values of minimal 
inhibition concentration breakpoints of antifungal drugs (Ta-
ble 2) based on CLSI M27-A2 [22]. 

 

Table 2 
Standard values of MIC breakpoints of antifungal drugs used 

in this study based on CLSI M27-A2 [22] 

 

2.7 Statistical Analysis 
All the gain data were analyzed statistically (p ≤ 0.01) using 
ANOVA table to define the differences among tested treat-
ments [23].    

3: RESULTS AND DISCUSSION 
3.1Isolation and Identification 

The results of swab cultures revealed that 86/120 (71.67%) 
gave positive Candida species growth on SDA plates while 
only 8/30 (26.67%) from the healthy donors were positive. 
These results were agree with Zarembaet al. (2006) in yeasts of 
Candida genus were isolated in 65/103 (63.1%) from adults 
oral cavities.While the results of vaginal swab cultures 
showed that 13/42 (30.9 %) out of the total vaginal samples 
gave positive growth culture for Candida species on SDA. This 
result was also conducted by Tanksaleet al., [24] in Candidaspe-
cies were detected in (29%) from study subjects, and with Da-
rogha[25] who found that the highest infectious rate with vir-
ginities is belonging to C.albicans with 31.1%.  

3.2 Tobacco Test 
The result of this test revealed that all isolates were 

showed typical morphotype of Candida species, smooth whi-
tish-cream color colonies with hyphal fringes for C. krusei and 
C. rugosa, and without hyphal fringes even after extended in-
cubation for up to 10 days for C. albicans, C. tropicalis and C. 
parapsilosis. These results were agreed with Khan et al. [13] and 
Silveira-Gomes et al. [26]. 

3.3 API 20C AUX Yeast Identification System 
The result of identification by the API 20C Aux yeast iden-

tification system revealed that the Candida species isolates 
from oral and vaginal samples belong to five different species, 
C. albicans 85/107 (79.4%), C. tropicalis 12 (11.3%), C. parapsilo-
sis 5 (4.6%), C. krusei 3 (2.9%) and C. rugosa 2 (1.8%) (Figure 1). 
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Figure 1: Percentages of Candida species isolated from oral 
and vaginal candidiasis 

3.4 CHROMagar Test 
The results of CHROMagar test were confirmed the re-

sults of the API 20C Aux yeast identification system. In this 
test, the colony color of CHROMagar Candida medium was 
green for C. albicans, blue surrounded by a typical pink halo 
for C. tropicalis and pink for C. krusei. These results were con-
ducted with the instructions that described by the manufac-
turer of this medium, and agreed with the results of Raut and 
Varaiya[27]. 

Results of the current study showed that C. parapsilosis 
produced purple colonies with halo while C. rugosa produced 
pink colonies with white border. These results were agreed 
with Hospenthalet al. [28] who found that the colonies of C. 
parapsilosis on CHROMagar Candida were purple with varia-
ble shades of ivory, pink and lavender indistinguishable from 
each other and often inconsistent between isolates of the same 
species. And with Horvath et al. [29] who noted that C. rugosa 
strains produced a distinct appearance on CHROMagar Can-
dida, they grew pink colonies that possessed a pale or white 
border. 

In this study and many others like Momani [30] and 
Iyampillaiet al. [31] indicated that CHROMagar Candida me-
dium can be used for the presumptive identification of Candi-
da species because it cost effective and quicker than conven-
tional methods. 

4.5 Virulence Factors 
4.5.1 Germ Tube Production 
C. albicans isolates were produced obvious germ tube after 
incubated them in human serum at 37ºC for three hours, while 
the non-albicans Candida species isolate showed a negative 
result (table 3). These results were agreed with Kumar and 
Shukla [32]. The importance of germ tube formation for the 
invasive capability of C. albicans has been stressed. It is com-

monly considered that the blastoconidia represent the mor-
phological cell form associated with asymptomatic coloniza-
tion of mucosal surfaces. Conversely, germ tube/hypha for-
mations are assumed to represent a potentially tissue invasive 
form [33]. 
 
Table 3: Virulence factors of Candida species isolates 

 
 

4.5.2Chlamydospore Production 
The chlamydospore results were showed that C .albicans 

was able to produce chlamydospores on corn meal agar (table 
3), while the other Candida species were showed a negative 
result. These results were consistent with Bose et al. [34]. 
Chlamydospores are developing on pseudohyphal support 
cells, which in some forms lead to spontaneous phenotypic 
switching [35] which is the major virulence determinant of 
Candida species [36]. 

4.5.3 Resistance to Cycloheximide Test 
All the isolates of C. albicans were resistance to cycloheximide 
and gave a positive growth on SDA plates supplemented with 
0.5 g/L from this antibiotic (table 3), while all of the other spe-
cies isolates were showed a negative results, these results were 
agreed with Takakuet al. [37]. Resistance to cycloheximide is a 
great indication for resistance to azole antifungal drugs, and 
the isolates that show resistance to cycloheximide are conse-
dard as virulence multidrug isolates [38]. 

4.5.4 Adherence Assay 
All the isolates of C. albicans showed a positive result to adhe-
sion test after incubation with buccal cavity cells for 1h at 
37ºC, while the non-albicans Candida species isolates showed a 
negative result (table 3). These results were agreed with He-
nriqueset al. [39] and Jain et al.[40]. Adherence of C. albicans to 
host surfaces is thought to be a crucial step in the pathogenic 
process and a prerequisite for colonization of these surfaces, 
this adhesion occurs by the interaction between yeast and epi-
thelial cell receptors, and a variety of mechanisms have been 
proposed [41].  

4.5.5 Lipase Production Assay 
The results of lipase production assayindicated thatCandida 

species were differed in their ability to produce lipase.C. albi-
cans, C. tropicalis and C. parapsilosis gave positive results by 
producing white sediments around the grown colonies after 
incubated their colonies for 72 h at 30ºC (table 3). These results 
were agreed with many studies, Parajeet al. [42] found that C. 
albicans was able to produce lipase,   Neugnotet al. [43] study 
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had shown that C. parapsilosis gave a positive result for lipase 
test, and Gacseret al. [44]approvedthat C. parapsilosis isolates 
were able to produce lipase enzyme.The current study re-
vealed that C. rugosa and C. krusei gave negative resultsfor 
lipase test; these results were agreed with results of Slif-
kin[45].Lipase has very important role in Candida species pa-
thogenicity because it is able to digest lipids for nutrient ac-
quisition, adhesion to host cells and host tissues [46].  

4.5.6 Phospholipase Production Assay 
The phospholipase production was verified by determination 
the Pz coefficient to the precipitation zone around the isolates 
colonies on egg yolk agar. The results were positive for C. albi-
cans (Pz = 0.85) and C. krusei (Pz = 0.9) isolates, and negative 
(Pz = 1.00) among the other species for its production (table 3). 
These results are similar to that found by Ribeirolet al. [47]. 
The extracellular phospholipases of Candida species have a 
significant role in the pathogenesis of infections and invasion 
to mucosal epithelia [48]. 

4.6 Antifungal Susceptibility Test 
4.6.1 Disk Diffusion Method 
The results in the current study revealed that the nystatin (NS 
100 IU) was the most effective antifungal which inhibited 
100% of Candida species isolates, followed by amphotericin-B 
(AP 100 IU) that inhibited 96.6% of the isolates. Clotrimazole 
(CC 10µg) Ketoconazole (KT 10µg), and itraconazole (IT 10µg) 
inhibited 81%, 65.4% and 61.5% of the isolates respectively. 
Fluconazole (FLC 10µg) was the less effective antifungal 
which inhibited only 43.4% of all the isolates, the statistical 
analysis (p≤ 0.01) showed significant differences among the 
tested isolates after compared with the standard zone. 
Most of the C. albicans isolates (98.5%) were resistant to fluco-
nazole, while 0%, 12.5%, 57.5%, 65% and 87.5% were resistant 
to nystatin, amphotericin-B, clotrimazole, ketoconazole, and 
itraconazole respectively. All C. rugosa and C. krusei isolates 
(100%) were resistant to fluconazole, and they were sensitive 
to the other antifungal drugs. All of C. tropicalis and C. parapsi-
losis isolates were sensitive to all the antifungal drugs that in-
cluded in the study. The diameter of growth inhibition zone of 
Candida species toward the antifungal drug disks were listed 
in tables 4. 
The isolates that collected from Candida infected patients (in-
fection isolates) were showed 100% resistant to fluconazole 
and different sensitivities to the other antifungal drugs, while 
all the isolates that collected from healthy donors (colonization 
isolates) were sensitive to all antifungal drugs that tested in 
current study. These results were agreed with Negriet al. [49] 
in that colonization yeasts were more susceptible to flucona-
zole, itraconazole, and amphotericin B than infection yeasts.  
The levels of resistance among the isolates in our study were 
high comparing with most other studies, Madhavanet al. [50] 
results showed that 71% of C. tropicalis, C. albicans, C. krusei, C. 
parapsilosis,   C. rugosa,   C. dubliniensis and C. glabrata strains 
were susceptible to fluconazole. While a study done by 
Tulumoğluet al. [51] revealed that all C. albicans strains were 
sensitive to itraconazole and amphotericine B while 3.63% of 
C. albicans strains were resistant to fluconazole, and 100% of C. 
parapsilosis strains were sensitive to amphotericine B, whereas 

two strains (5.88%) were resistant to itraconazole and one 
strain (2.94%) was less sensitive to fluconazole. C. tropicalis 
strains were found sensitive to all antifungal agents.  
 

Table 4:  The diameter of growth inhibition zone of Candi-
da species toward different antifungal drug disks 

 
*All tested isolates were significant (p ≤ 0.01) after compared with the 
standard zone. NS: Nystatin, KT: Ketoconazole, AP: Amphotericin-B, 
FLC: Fluconazole,        CC: Clotrimazole, IT: Itraconazole, S: sensitive, 
R: resistance, I: intermediate. 

4.6.2 Minimal Inhibition Concentrations Method (MIC) 
The MIC results demonstrated that nystatin was the most ac-
tive antifungal drug that inhibit the growth of all Candida iso-
lates (100%) by 0.07 µg/ml. (94%) of all isolates were deter-
mined susceptible to amphotericin B at 0.5µg/ml, (83.5%) to 
clotrimazole at 0.125 µg/ml, (69.7%) to ketoconazole at 0.125 
µg/ml, (62%) to itraconazole at 0.125 µg/ml and (48.5%) to 
fluconazole at 64 µg/ml, the statistical analysis (p≤ 0.01) 
showed a significant differences among the tested isolates af-
ter compared with the standard values of MIC breakpoints of 
antifungal drugs (Table 5 and figure 2).  

  
Table 5: The value of MICs of Candida isolates toward differ-

ent antifungal drug 

 
*All tested isolates were significant (p ≤ 0.01) after compared with the 

standard values of MIC breakpoints of antifungal drugs.
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Figure 2: Candida isolates inhibition rates toward different 

antifungal drugs by MIC method 
 
These results were agreed with the disk diffusion method 

results and partially with some other studies, as Negriet al. 
[49] who showed that 83% from Candida isolates were suscept-
ible for amphotericin B, 63% for itraconazole, and 64% for flu-
conazole.The results ofPfalleret al. [52] revealed that 2 from 14 
Candida isolates were susceptible for fluconazole, confirming 
their lack of susceptibility to azole antifungal agents. 

Conclusions and Recommendations  
1: Conclusions 

1. Chrome agar media was a good tool in the diagnosis 
and differentiation among Candida species based on 
the colony color. 

2. Candida species have some virulence factors that aid 
in the differentiation between C. albicans and non-
albicans Candida species. 

3. C. albicans show a high resistance to azole antifungal 
drugs. 

 
2: Recommendations 

1. Phenotypic characteristics on general media of fungi 
alone are not sufficient in the identification of Candida 
species and must support by using chrome agar me-
dia for differentiation among the species. 

2.  Virulence factors such as chlamydospore, germ tube 
production and cycloheximide resistance are an im-
portant diagnostic tool for confirming the differentia-
tion of C. albicans from non-albicans Candida species. 

3. Due to the resistance of C. albicans to the azole anti-
fungal drugs, we recommend to finding substitute 
drugs or new generations of the commercial drugs to 
minimize of these resistances or side effects. 

 

REFERENCES. 

[1] Richardson, M.D., and Warnock, D.W. "Fungal Infection: Diagnosis and 
Management", 3rd Edition. 2003, Blackwell Publishing. 

[2] Pongsiriwet, S.; Iamaroon, A.; Sriburee, P.; Pattanaporn, K. and Kri-

sanaprakornkit, S. "Oral colonization of Candida species in perinatal-
ly HIV-infected children in northern Thailand".J. Oral Sci.; 2004,46: 
101-105. 

[3] Enoch, D.A.; Ludlam, H.A. and Brown, N.M. “Invasive fungal infections: a 
review of epidemiology and management options”. J. Med. Microbiol. 
2006, 55: 809-818. 

[4] Falagas, M.E.; Apostolou, K.E. and Pappas, V.D.” Attributable mortality of 
candidemia: a systematic review of matched cohort and case-control stu-
dies”. Eur. J. Clin. Microbiol. Infect. Dis. 2006, 25: 419-25. 

[5] Terrier, B.; Degand, N.; Guilpain, P.; Servettaz, A.; Guillevin, L., and Mou-
thon, L. “Alpha-enolase: A target of antibodies in infectious and autoim-
mune diseases”. Autoimmunity Reviews. 2007, 6: 176-182. 

[6] Gozalbo, D.; Roig, P.; Villamón, E. and Gil, M. L.” Candida and Candidiasis: 
The cell wall as a potential molecular target for antifungal therapy”. Curr. 
Drug Targets Infect. Disord. 2004, 4: 117-135. 

[7] Mavor, A. L.; Thewes, S.; and Hube, B. “Systemic fungal infections caused 
by Candida species: epidemiology, infection process and virulence 
attributes”. Curr. Drug Targets. 2005, 6: 863-874. 

[8] Shahid, M.; Malik, A.; Rizvi, M.W. and Singhai, M. “Protein profile of a Flu-
conazole-resistant Candida albicans isolated from HIV-1 infected patient: 
Evaluation of protein extraction methods and development of a simple 
procedure”. Global J. Biotech. Biochem. 2006, 1: 01-06. 

[9] Johnson, M.D. and Perfect, J.R. “Use of Antifungal Combination Therapy: 
Agents, Order, and Timing. Curr. Fungal Infect”. Rep. 2010, 4: 87-95. 

[10] Goldman, G.H.; da Silva Ferreira, M.E; dos Reis Marques, E.; et al. “Evalua-
tion of fluconazole resistance mechanisms in Candida albicans clinical iso-
lates from HIV-infected patients in Brazil”. Diagn. Microbiol. Infect. Dis. 
2004, 50: 25-32. 

[11] Trabocchi, A.; Mannino, C; Machetti, F.; et al.” Identification of inhibitors of 
drug-resistant Candida albicans strains from a library of bicyclic peptido-
mimetic compounds”. J. Med. Chem. 2010, 53: 2502-2509. 

[12] Campbell, C. K.; Davey, K. G.; Holmes, A. D.; Szekely, A. and Warnock, D. W. 
“Comparison of the API Candida System with the AUXACOLOR System for 
Identification of Common Yeast Pathogens”. J. Clin. Microbiol. 1999, 37(3): 
821-823. 

[13] Khan, Z. U.; Ahmad, S.; Mokaddas, E. and Chandy, R. “Tobacco Agar, a New 
Medium for Differentiating Candida dubliniensis from Candida albicans”. J. 
Clin. Microbiol. 2004, 42 (10): 4796-4798. 

[14] Horvath, L.L.; Hospenthal, D.R.; Murray, C.K. and Dooley, D.P. “Direct isola-
tion of Candida spp. from blood cultures on the chromogenic medium 
CHROMagar Candida”. J. Clin. Microbiol. 2003, 41: 2629-2632. 

[15] Ellis, D. A. “Clinical mycology: the human opportunistic mycosis”. Pfzor, 
NewYork. 1994, pp. 166. 

[16] Kangogo, M.C.; Wanyoike, M.W.; Revathi, G. and Bii, C.C. “Phenotypic 
charectarization of Candida albicans from clinical sources in Nairobi, 
Kenya”. African Journal of Health Sciences. 2011, 19 (3-4):21-25. 

[17] McGinnis, M. R. “Laboratory hand book of medical mycology”. Academic 
Press, New York. 1980, pp. 661. 

[18] Henriques, M.; Azeredo, J. and Oliveira, R. “The involvement of physico-
chemical interactions in the adhesion of Candida albicans and Candida dub-
liniensis to epithelial cells”. Mycoses. 2007, 50: 391-396. 

[19] Rodina, A.G. “Laboratory Methods in Aquatic Microbiology”. University 
Perk Press. Battimor Butter Worths, London, 1972. 

[20] Price, M.F.; Wilkinson, I.D. and Gentry, L.O. “Plate method for detection of 
phospholipase activity in Candida albicans”. Sabouraudia. 1982, 20: 7-14. 

[21] Clinical Laboratory Standards Institute (CLSI) “Method for antifungal disk 
diffusion susceptibility testing of yeasts: approved guidance M44-A”. Na-
tional Committee for Clinical Laboratory Standards, Wayne, Pa, USA, 2004. 

[22] Clinical Laboratory Standards Institute (CLSI). “Reference method for broth 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 8, Issue 7, July-2017                                                                                           1071 
ISSN 2229-5518  

IJSER © 2017 
http://www.ijser.org 

dilution antifungal susceptibility testing of yeasts. Approved standard, vol. 
M27-A2”. CLSI, Wayne, Pa, USA, 2002. 

[23] Powers, D. A. and Xie, Y.”Statistical Methods for Categorical Data Analysis”. 
New York: Academic Press. 2000, pp. 317. 

[24] Tanksale, V.S.; Sahasrabhojanee, M.; Patel, V.; Nevrekar, P.; Menezes, S. 
and Mabey, D. “The reliability of a structured examination protocol and 
self-administered vaginal swabs: a pilot study of gynaecological outpatients 
in Goa, India”. Sex Transm. Infect. 2003, 79:251-253. 

[25] Darogha, S.N. Study of some immunological and epidemiological aspects of 
Trichomonas vaginalis, Candida albicans and Neisseria gonorrhoeae in Erbil 
province”. Ph.D. thesis, Coll. Education (Ibn Al- Haitham). Univ. of Baghdad. 
2005, pp. 264. 

[26] Silveira-Gomes, F.; Sarmento, D. N. and Espírito-Santo, E. P.T. “Differentia-
tion between Candida albicans and Candida dubliniensis using hypertonic 
Sabouraud broth and tobacco aga”.r Rev. Soc. Bras. Med. Trop. 2011, 
44(4):457-460. 

[27] Raut, S.H. and Varaiya, A. “Differentiation of Candida Dubliniensis on 
Chromagar and Pal's Agar”. Indian Journal of Medical Microbiology. 2009, 
27(1): 55-8. 

[28] Hospenthal, D.R.; Beckius, M.L.; Floyd, K.L.; Horvath, L.L. and Murray, C.K. 
“Presumptive identification of Candida species other than C. albicans, C. 
krusei , and C. tropicalis with the chromogenic medium CHROMagar Candi-
da”. Ann. Clin. Microbiol. Antimicrob. 2006, 5: 1-8 . 

[29] Horvath, L.L.; Hospenthal, D.R.; Murray, C.K. and Dooley, D.P. “Direct isola-
tion of Candida spp. from blood cultures on the chromogenic medium 
CHROMagar Candida”. J. Clin. Microbiol. 2003, 41: 2629-2632. 

[30] Momani, O.M. “Cost-effectiveness and efficacy of CHROMagar Candida 
medium in clinical specimens”. East Mediterr. Health J. 2000, 6: 968-978. 

[31] Iyampillai, T.; Michael, J.S.; Mathai, E. and Mathews, M.S. (2004). Use of 
CHROMagar medium in the differentiation of Candida species: is it cost-
effective in developing countries? Ann. Trop. Med. Parasitol., 98: 279-282. 

[32] Kumar, R. and Shukla, P.K. “Amphotericin B resistance leads to enhanced 
proteinase and phospholipase activity and reduced germ tube formation in 
Candida albicans”. Fungal Biol. 2010, 114(3):189-197. 

[33] Yang, Y.L. “Virulence factors of Candida species”. J. Microbiol. Immunol. 
Infec. 2003, 36: 223-228. 

[34] Bose, S.; Ghosh, A. K. and Barapatre, R. “The incidence of Candiduria in an 
ICU - A study. Journal of Clinical and Diagnostic Research”. 2011, 5(2): 227-
230. 

[35] Soll, D. R. “Gene regulation during high-frequency switching in Candida 
albicans”. Microbiology. 1997, 143: 279-288. 

[36] Berman, J. and Sudbery, P.E. “Candida albicans: a molecular revolution 
builds on lessons from budding yeast”. Nat. Rev. Genet. 2002, 3: 918-930. 

[37] Takaku, H.; Mutoh, E; Sagehashi, et al. “A Gcn4p homolog is essential for 
the induction of a ribosomal protein L41 variant responsible for cyclohex-
imide resistance in the yeast Candida maltose”. J. Biol. Chem. 2004, 
279(22): 2330-7. 

[38] Sanglard, D.; Ischer, F; Monod, M.; et al. “Susceptibilities of Candida albi-
cans multidrug transporter mutants to various antifungal agents and other 
metabolic inhibitors. Antimicrobial Agents and Chemotherapy”.  1996, 40: 
2300-5. 

[39] Henriques, M.; Azeredo, J. and Oliveira, R. “The involvement of physico-
chemical interactions in the adhesion of Candida albicans and Candida dub-
liniensis to epithelial cells”. Mycoses. 2007, 50: 391-396. 

[40] Jain, P. A.; Veerabhadrudu, K.; Kulkarni, R.D.; Ajantha, G.S.; Shubhada, C. 
and Amruthkishan, U.”Comparative study of adherence of oral Candida al-
bicans isolates from HIV sero-positive individuals and HIV sero-negative in-
dividuals to human buccal epithelial cells”.  Indian Journal of Pathology and 
Microbiology. 2010, 53(3): 513-517. 

[41] Sitheeque, M.A.M. and Samaranayake, LP.” Chronic hyperplastic candido-
sis/candidiasis (Candidal leukoplakia)”. Crit. Rev. Oral Biol. Med. 2003, 14: 
253-267. 

[42] Paraje, M.G.; Correa, S.G.; Renna, M.S.; Theumer, M. and Elena C.S. “Can-
dida albicans-secreted lipase induces injury and steatosis in immune and 
parenchymal cells. Canadian Journal of Microbiology”. 2008, 54(8): 647-
659. 

[43] Neugnot, V.; Moulin, G.; Dubreng, E. and Bigey, F. “The lipase 
/acyltransferase from Candida parapsilosis: Molecular cloning and charac-
terization of purified recombinant enzymes. European Journal of Biochemi-
stry”. 2002, 269(6): 1734-1745. 

[44] Gacser, A.; Trofa, D.; Schafer, W. and Nosanchuk. J. D. “Targeted gene 
deletion in Candida parapsilosis demonstrates the role of secreted lipase in 
virulence”. J. Clin. Investig. 2007, 117:3049-3058. 

[45] Slifkin, M. “Tween 80 Opacity Test Responses of Various Candida Species”. 
J. Clin. Microbiol. 2000, 38(12): 4626-4628 . 

[46] Schaller, M.; Borelli, C.; Korting, H. C. and Hube, B. “Hydrolytic enzymes as 
virulence factors of Candida albicans. Mycoses”. 2005, 48:365-377. 

[47] Ribeirol, A. S.; Silva1, D. A; Silva1, F. P.; et al. “Epidemiology and phospholi-
pase activity of oral Candida spp. Among patients with central nervous sys-
tem diseases before and after dental cleaning procedure”. Brazilian Journal 
of Microbiology. 2010, 41: 19-23. 

[48] Samaranayake, Y.H.; Dassanayake, R.S; Jayatilake J.A.; et al. “Phospholipase 
B enzyme expression is not associated with other virulence attributes in 
Candida albicans isolates from patients with human immunodeficiency vi-
rus infection”. J. Med. Microbiol. 2005, 54: 583-93. 

[49] Negri, M.; Henriques, M.; Svidzinski, T.I.E.; Paula, C.R. and Oliveira, R.” 
Correlation between Etests, Disk Diffusion, and Microdilution Methods for 
Antifungal Susceptibility Testing of Candida Species from Infection and Co-
lonization”. J. Clin. Lab. Anal. 2009, 23: 324-330. 

[50] Madhavan, P.; Jamal, F.; Chong, P.P. and Ng, K.P. “In vitro activity of fluco-
nazole and voriconazole against clinical isolates of Candida spp. by E-test 
method. Tropical Biomedicine”. 2010, 27(2): 200-207. 

[51] Tulumoğlu, Ş.; Kariptaş, E. and Erdem, B. “Identification and antifungal 
susceptibility of Candida isolates from various clinical specimens in doctor 
behçetuz hospital. Anatol”. J. Clin. Investig. 2009, 3(3):170-173. 

[52] Pfaller, M. A.; Diekema, D. J.; Boyken, L.; Messer, S. A.; Tendolkar, S. and 
Hollis, R. J. “Evaluation of the Etest and Disk Diffusion Methods for Deter-
mining Susceptibilities of 235 Bloodstream Isolates of Candida glabrata to 
Fluconazole and Voriconazole”. J. Clin. Microbiol. 2003, 41(5):1875-1880. 

IJSER

http://www.ijser.org/

	1 Introduction
	2 Methodology
	2.1 Patients Group
	2.2 Specimens Collection
	2.3 Isolation and Identification
	Tobacco Test

	3: Results and Discussion
	References.



