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Abstract  
Candida species resistant to fluconazole and voriconazole were screened for the presence of 
ERG11gene by polymerase chain reaction (PCR). Also, the association of this gene with the 
demonstration of Candida virulence factors; biofilm formation, phospholipase and proteinases 
activities were studied. A total of 61 Candida isolates were collected from urine specimens. Candida 
species were identified by API 20 C Aux test. Extracellular phospholipase, secretory aspartyl 
proteinase and biofilm formation were determined. ERG11 gene was detected by PCR. C. albicans 
was identified in 34.5%, C. glabrata in 29.5% and C. tropicalis and C. krusei in 18% each. Candida 
species was resistant to fluconazole and voriconazole in 55.7% and 27.9%, respectively. Seventeen 
(50%) of fluconazole resistant Candida isolates were sensitive to voriconazole. The most frequently 
Candida species revealed fluconazole resistance were C. glabrata (47.1%), C. krusei (29.4%), and C. 
tropicalis and C. albicans (11.8% each). Biofilm formation, phospholipase and proteinase activity 
were determined in 41.2%, 67.6% and 35.3% of fluconazole resistant Candida isolates, respectively. 
Erg 11 gene was determined in 82.4% of fluconazole resistant Candida isolates and prominent in C. 
glabrata (93.75%), followed by C. krusei (90%), C. tropicalis (75%) and C. albicans (25%). Erg 11 gene 
was detected in 64.7% (11/17) of fluconazole resistant-voriconazole sensitive Candida isolates. 
Regarding, correlation of Erg11 gene positivity and virulence factors among fluconazole resistant 
Candida isolates, 34.5% exhibited biofilm formation and 62.1% and 31% showed phospholipase and 
proteinase activities, respectively. There were statistically significant difference concerning the 
association of proteinase activities and Erg 11 gene expression among fluconazole resistance Candida 
isolates (P=0.04). The study emphasizes the high prevalence of Erg11 gene among fluconazole 
resistant Candida species. There was association between the proteinase activity, fluconazole 
resistance and the presence of Erg11 among Candida species. Voriconazole maintains better activity 
towards Candida species and represent an alternative therapy. 
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Introduction 

Candida species are significant opportunistic 
pathogens that have been associated with high 
morbidity and mortality especially in 
immunocompromised patients. Although 
Candida albicans (C. albicans) is the most 
pathogenic species often isolated from patients 
with invasive infections, non-albicans Candida 
(NAC) infections have been increased 
dramatically in recent years.1 Candida albicans, 
Candida glabrata, Candida tropicalis, Candida 
parapsilosis, and Candida krusei are estimated 
to cause more than 90% of invasive fungal 
infections.1,2  

Global awareness of fungal disease should 
be increased as the infection is still 
underestimated although Candida spp. are the 
fourth most common cause of bloodstream 
infections in hospitalized patients and the third 
common cause of central-line associated 
invasive infections among intensive care unit 
(ICU) patients.1 In addition, NAC have the 
potential to cause outbreaks, recurrent 
infections and resistance to antifungal drugs as 
some species such as C. glabrata and Candida 
krusei have higher minimum inhibitory 
concentration (MIC) values towards antifungal 
azoles.2,3 

Candida is a common fungus of the human 
microbiota.4 Candida species has adapted 
variety of mechanisms to establish itself both as 
commensal and as pathogen in humans. This is 
attributed to a set of virulence factors, including 
the ability to escape host defense, phenotyping 
switching, adhesion, biofilm formation and 
secretion of coagulase and hydrolytic 
enzymes.5,6,7,8 Development of new antifungal 
drugs and better therapeutic approaches to 
candidiasis can be achieved in the near future 
with continuing progress in the understanding 
of the mechanisms of Candida pathogenesis.9 

Azole antifungals particularly fluconazole, is 
considered as the first line drug for Candida 
infections and are commonly prescribed for 
treatment and prevention due to fewer side 
effects and low cost.10 Fluconazole acts 
primarily on ergosterol biosynthesis by targeting 
14-α-lanosterol demethylase encoded by ERG11 

gene leading to inhibition of conversion of 
lanosterol to ergosterol. Unfortunately, the 
widespread continuous use of fluconazole 
enhanced the resistance to the drug. 11 
Voriconazole is a second-generation broad-
spectrum triazole antifungal agent with activity 
against a wide range of yeasts and filamentous 
fungi. It is used to treat severe invasive fungal 
infections.12  

Different mechanisms of azole resistance 
exist, and more than one mechanism can be 
present in azole-resistant strains.13 
Understanding the mechanisms underlying 
fluconazole resistance is critical for managing 
our limited antifungal repertoire and keeps 
fluconazole a possible option to treat many 
Candida infections and rationale design of 
newer antifungals and target-based molecular 
approaches.2 The major azole resistance 
mechanisms include (i) decreased permeability 
of cell membrane, which decreases the amount 
of drug entering the cell; (ii) the overexpression 
and/or (iii) mutation of the azole drug target 
Erg11p, (iv) the inactivation of ERG6, and (v) 
increased cellular export of azoles by up-
regulated drug efflux transporters.14,15,13,16 Point 
mutations in ERG11 reducing the ability of 
azoles to interact with or bind at the enzyme’s 
target site, thereby reducing the effectiveness 
of the drug.13 Several mutations of the ERG11 
gene have been associated with fluconazole 
resistance in C. albicans, C. parapsilosis, C. 
krusei and C.tropicalis.17 ERG11 upregulation 
also can occur via mechanisms that include gain 
of function mutations in transcription factors 
such as zinc-cluster transcription factor that 
targets genes, including those of the ergosterol 
biosynthesis pathway, thereby decreasing the 
ability of azoles to inhibit its action.13 

Overexpression of ERG11 increases the Erg11p 
enzyme copy number and results in elevated 
ergosterol synthesis, which overwhelms the 
capacity of the antifungal drug.18  

Therefore, the search for the ERG11 gene in 
clinically relevant Candida species can provide a 
better understanding of the molecular 
mechanisms involved in resistance to antifungal 
agents and aid in epidemiological research. In 
addition, the genetic and molecular 
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characterization of resistant Candida species 
could help in the search for new bioactive 
molecules with antifungal activity. Thus, the aim 
of the study was to screen Candida species 
resistant to fluconazole and voriconazole for the 
presence of ERG11 by polymerase chain 
reaction (PCR). Also, to correlate the presence 
of this gene with the demonstration of Candida 
virulence factors, biofilm formation, 
phospholipase and proteinases activities. 

Materials and Methods 

Candida Isolates Identification  

The study included 61 Candida clinical strains, 
isolated from inpatient and outpatient clinics of 
Theodor Bilharz Research Institute (TBRI) in the 
period from March 2019 till December 2019. 
Urine samples were collected as midstream 
morning sample or from tip of catheter and 
processed for microbiological examination. 
Candida isolates were identified 
morphologically by Gram-stain, germ tube test, 
subculture on chromogenic medium (CHROM 
agar, France) and biochemically using API 20 C 
Aux test (BioMerieux, Durham, USA), according 
to the manufacturer’s instructions. Candida 
isolates were stored in glycerol broth at -70оC. A 
fresh culture was obtained by subculturing the 
isolates on Sabouraud Dextrose Agar (Oxoid, 
England) for 48 h at 37 °C before use. Standard 
strain C. albicans ATCC10231 (Microbiologics, 
USA) was included as a control. 

Antifungal Susceptibility testing 

Disk diffusion test 

-The antifungal susceptibility of isolates was 
determined by the disk diffusion method using 
Fluconazole (25 μg) (Bio-Rad, liofilchem, Italy) 
on Muller Hinton Agar (MHA) (Hi-Media, 
Mumbai, India) supplemented with 2% Glucose 
and Methylene Blue dye 0.5 μg/ml (GMB) as per 
the Clinical laboratory Institute guidelines 
(CLSI).19 

-MICs determination of fluconazole and 
voriconazole 

The minimal inhibitory concentration (MICs) of 
fluconazole and voriconazole were detected by 
using the E test (AB Biodisk, Solna, Sweden) and 

was performed according to the manufacturer's 
instructions. In brief, the inoculum 
concentration was adjusted to 0.5 McFarland 
standards for Candida species. Then, 0.5 mL of 
this suspension was inoculated onto plates 
containing RPMI 1640 agar (1.5%) with 2% 
glucose using a cotton swab. Within a period of 
15 minutes, the E test strips were applied. The 
plates were incubated at 35 °C and read after 24 
and 48 hours. Interpretation of break points for 
fluconazole and voriconazole were according to 
CLSI guidelines.19 

Determination of virulence determinants among 
Candida spp. isolates 

-Detection of Extracellular Phospholipase 
Activity 

An aliquot (10μl) of the yeasts suspension was 
inoculated onto Sabouraud egg yolk agar 
(Oxoid, England) and incubated at 37°C for four 
days. Colony diameter and precipitation zone 
plus colony diameter were measured and 
interpreted for each isolate according to 
Mahmoudabadi et al., 2010,20 The standard 
strain C. albicans (ATCC 10231) (Microbiologics, 
USA) was used as control. 

-Detection of Aspartic Proteinase Activity 

Candida isolates were suspended in saline to 
produce turbidity equivalent to a 0.5 McFarland 
standard. A 6 mm sterile filter paper discs were 
impregnated with 10 μl of the suspension and 
placed on the surface of bovine serum albumin 
agar plates. The plates were incubated at 30°C 
up to 7 days. Enzyme activities were scored 
according to the criteria by Patil et al., 2014,21 
Standard strain C. albicans (ATCC 10231) was 
used as control. 

-Quantification of biofilm formation by crystal 
violet 

Quantitative analysis of biofilm production was 
based on the method described previously.22 

Briefly, a 20 µl aliquot of Candida cell 
suspension containing 3x107 CFU/ml was 
inoculated into wells of microtiter plate 
containing 180 µl Sabouraud glucose broth 
(Oxoid, England) and incubated at 35 °C for 24 
hours without agitation. The biofilm coated 
wells were washed twice with 200 μl of sterile 
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distilled water and stained with 110 μl of 0.4% 
aqueous crystal violet solution for 45 minutes. 
Afterwards, the wells were washed 4 times with 
350 μl of sterile distilled water and destained 
with 200 μl of 95% ethanol. After 45 minutes of 
destaining, 100 μl of destained solution was 
transferred to a new plate. The amount of the 
crystal violet stain in the destained solution was 
measured with a microtiter plate reader 
(automated Titertek Multiskan Plus lab system, 
Germany) at 595 nm. Interpretation of the 
results obtained was done according to 
Stepanovic et al., 200023 classification. The 
standard strain C. albicans (ATCC 10231) was 
used as control. 

Molecular Detection of Erg11 gene 

DNA Extraction was preformed using a QIAamp 
DNA Mini purification kit (Qiagen, USA), 
according to the manufacturer’s instructions. 
Detection of the ERG11 gene was based on 
using a conventional PCR assay system (Bio Rad 
T100 thermal cycler, USA). The PCR reaction 
mixture (25 µL total volume) contained 12.5 µL 
PCR master mix, 1 μL forward and reverse 
primers (10 μM each), 1 μL of DNA template (40 
ng/μL), and 10.5 μL deionized water 
(Thermoscientific, USA). ERG11 primers 
sequences were as follow: 5’- GTT GAA ACT GTC 
ATT GAT GG (forward) and 5’-TCA GAA CAC TGA 
ATC GAA AG (reverse). An initial denaturation at 
92 °C for 3 min followed by 30 cycles, each of 
denaturation at 92 °C for one minute, annealing 
at 43 °C for one minute and 1 min of extension 
at 72 °C. This was followed by a final extension 
at 72 °C for 10 min. For each PCR run, a negative 
control was also included containing the 

reaction buffer, dNTPs, Taq polymerase without 
the target DNA. DNA extract of the reference 
strain C. albicans ATCC10231 was included in 
each run as a positive control. PCR product was 
separated on 2% agarose gel with ethidium 
bromide and 100bp ladder used as DNA 
molecular weight standard.24,25,26 

Ethical considerations 

The study protocol was reviewed and approved 
by the Research Ethics Committee of the TBRI 
(No. PT 496, dated October 2019). All specimens 
included in the study were archived and codes 
were used instead of patient’s names. 

Statistical Methods 

Data were statistically described in terms of 
frequencies (number of cases) and relative 
frequencies (percentages). A probability value 
(P-value) less than 0.05 was considered 
statistically significant. All statistical calculations 
were done using computer programs Microsoft 
Excel 2013 (Microsoft Corporation, NY., USA) 
and SPSS (Statistical Package for the Social 
Science; IBM SPSS statistic) version 20 for 
Microsoft Windows. 

Results 

The study included 61 Candida strains isolated 
from urine specimens. They were identified as 
C. albicans 34.5% (21/61), C. glabrata 29.5% 
(18/61), C. tropicalis and C. krusei 18% each 
(11/61). The susceptibility of 61 Candida species 
to fluconazole showed resistance in 55.7% 
(34/61), susceptible to dose dependent (S-DD) 
in 11.4% (7/61) and sensitive in 31.1% (19/61) 
(Table 1). 

Table 1. In vitro Activities of Fluconazole against Isolates of Candida Species by E- test. 

Candida Species 

Sensitive S-DD Resistant 

MICs 

(g/ml) 
No. % 

MICs 

(g/ml) 
No. % 

MICs 

(g/ml) 
No. % 

C. albicans (n=21) 2-8 14 66.7 16-32 3 14.3 >256 4 19 

C. glabrata (n=18) 0 0 0 32 2 11.1 >256 16 88.9 

C. tropicalis (n=11) 8-12 5 45.4 16-32 2 18.2 >256 4 36.4 

C. krusei (n=11) 8 1 9.1 0 0 0 >256 10 90.9 

Total (n=61) 2-12 20 32.8 16-32 7 11.5 >256 34 55.7 

S-DD: Susceptible to dose dependent. 
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Of the fluconazole resistant Candida isolates 
85.3% (29/34) had MICs >256µg/ml. As regard 
the susceptibility to voriconazole, 27.9% (17/61) 
of the isolates were resistant and 72.1% (44/61) 
were sensitive (Table 2). Of the fluconazole 
resistant Candida isolates 50% (17/34) were 
sensitive to voriconazole with MICs ranged from 

0.5 to 1µg/ml. The most frequently Candida 
species revealed fluconazole resistance were C. 
glabrata 47.1% (16/34), followed by C. krusei 
29.4% (10/34), and then C. tropicalis and C. 
albicans were equally detected 11.8% each 
(4/34). 

Table 2. In vitro Activities of Voriconazole against Isolates of Candida Species by E test. 

Candida Species 
Sensitive Resistant 

MICs (g/ml) No. % MICs (g/ml) No. % 

C. albicans (n=21) 0.064-1 21 100 0 0 0 

C. glabrata (n=18) 0.5-1 4 22.2 2->32 14 77.8 

C. tropicalis (n=11) 0.25-1 9 81.8 2->32 2 18.2 

C. krusei (n=11) 0.5-1 10 90.9 2 1 9.1 

Total (n=61) 0.064-1 44 72.1 2->32 17 27.9 

 

Regarding Candida virulence factors, biofilm 
formation was detected in 39.3% (24/61), 
phospholipase activity in 72.1% (44/61) and 
proteinase activity in 44.3% (27/61) of Candida 
species. Biofilm formation, phospholipase and 
proteinase activity were determined in 41.2% 
(14/34), 67.6% (23/34) and 35.3% (12/34), 
respectively of fluconazole resistant Candida 
isolates. There was no statistically significant 
difference regarding the association of the 
expression of virulence factors and fluconazole 
resistance among Candida isolates (P> 0.05).  

Erg 11 gene was determined in 82.4 % 
(28/34) of fluconazole resistant Candida 
isolates. Erg 11 gene was prominent in C. 
glabrata 93.75% (15/16), followed by C. krusei 
90% (9/10), then C. tropicalis 75% (3/4) and 

lastly C. albicans 25% (1/4). Erg 11 gene was 
detected in 64.7% (11/17) of fluconazole 
resistant-voriconazole sensitive Candida isolates 
(Table 3, Figure1). Regarding, correlation of 
Erg11 gene positivity and virulence factors 
among fluconazole resistant Candida isolates, 
34.5% (10/29) exhibited biofilm formation and 
62.1% (18/29) and 31% (9/29), respectively 
showed phospholipase and proteinase activities 
(Table 4). There were statistically significant 
differences concerning the association of 
proteinase activities and Erg 11 gene expression 
among fluconazole resistance Candida isolates 
(P=0.04). However, there was no statistically 
significant difference regarding the association 
of biofilm formation and phospholipase activity 
and Erg 11 gene expression in fluconazole 
resistance Candida isolates (P> 0.05).  

Table 3. MICs of fluconazole and Voriconazole and Erg 11 Gene Detection among Fluconazole 
Resistant Candida Isolates. 

Sample No. Candida Species 
E test 

Erg11 Gene 
Fluconazole Voriconazole 

2 C. glabrata >256 R >32 R Positive 

4 C. glabrata >256 R >32 R Positive 

6 C. tropicalis 64 R 1 S Negative 

7 C. glabrata >256 R >32 R Positive 

8 C. glabrata >256 R >32 R Positive 
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Table 3. Continued. 

Sample No. Candida Species 
E test 

Erg11 Gene 
Fluconazole Voriconazole 

9 C. glabrata >256 R >32 R Positive 

10 C. krusei >256 R 0.75 S Positive 

14 C. glabrata >256 R >32 R Positive 

15 C. tropicalis >256 R >32 R Positive 

16 C. glabrata >256 R >32 R Positive 

17 C. krusei >256 R 2 R Positive 

22 C. glabrata >256 R >32 R Positive 

27 C. krusei >256 R 0.75 S Positive 

29 C. albicans >256 R 0.19 S Negative 

32 C. krusei >256 R 0.75 S Positive 

34 C. krusei 64 R 0.5 S Positive 

35 C. albicans 48 R 0.75 S Positive 

36 C. tropicalis >256 R 0.19 S Positive 

37 C. glabrata >256 R 0.5 S Negative 

38 C. glabrata >256 R 1.5 R Positive 

39 C. glabrata 48 R 1 S Positive 

40 C. glabrata >256 R >32 R Positive 

41 C. krusei >256 R 0.5 S Positive 

45 C. glabrata >256 R 2 R Positive 

50 C. tropicalis >256 R 4 R Positive 

51 C. glabrata >256 R >32 R Positive 

52 C. albicans 64 R 1 S Negative 

53 C. krusei >256 R 0.5 S Positive 

54 C. albicans >256 R 0.75 S Negative 

55 C. glabrata >256 R >32 R Positive 

56 C. krusei >256 R 0.5 S Positive 

57 C. krusei >256 R 0.5 S Positive 

58 C. glabrata >256 R >32 R Positive 

60 C. krusei >256 R 0.75 S Negative 
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Figure 1. Agarose gel 2% for electrophoresis of PCR products of Candida. Lane 1: Molecular weight marker 

(50 bp). Lanes 3–5 are positive Erg11 gene. Lane 2 positive control. Lane 6 negative control. The arrow points to the 
expected amplicon band (93 bp). 

Table 4. Erg 11 Gene Detection and Virulence Factors among 34 Fluconazole Resistant Candida 
Isolates. 

Sample 

No. 

Candida 
Species 

Vor 
Erg 11 
gene 

Virulence Factors 

Biofilm Phospholipase Proteinase 

2 C. glabrata R Positive Negative Positive Negative 

4 C. glabrata R Positive Negative Negative Negative 

6 C. tropicalis S Negative Positive Positive Positive 

7 C. glabrata R Positive Negative Positive Positive 

8 C. glabrata R Positive Negative Positive Negative 

9 C. glabrata R Positive Negative Positive Negative 

10 C. krusei S Positive Negative Negative Positive 

14 C. glabrata R Positive Negative Positive Negative 

15 C. tropicalis R Positive Negative Negative Positive 

16 C. glabrata R Positive Positive Positive Positive 

17 C. krusei R Positive Positive Positive Negative 

22 C. glabrata R Positive Negative Positive Negative 

27 C. krusei S Positive Positive Positive Negative 

29 C. albicans S Negative Negative Positive Positive 

32 C. krusei S Positive Positive Positive Negative 

34 C. krusei S Positive Negative Negative Negative 

35 C. albicans S Positive Positive Positive Positive 

36 C. tropicalis S Positive Negative Negative Positive 

37 C. glabrata S Negative Negative Negative Negative 

38 C. glabrata R Positive Negative Positive Negative 

39 C. glabrata S Positive Negative Negative Negative 

40 C. glabrata R Positive Negative Positive Positive 

41 C. krusei S Positive Positive Negative Negative 

45 C. glabrata R Positive Positive Positive Positive 

50 C. tropicalis R Positive Negative Positive Negative 

51 C. glabrata R Positive Negative Negative Negative 
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Table 4. Continued. 

Sample 
No. 

Candida 
Species 

Vor 
Erg 11 
gene 

Virulence Factors 

Biofilm Phospholipase Proteinase 

52 C. albicans S Negative Positive Positive Negative 

53 C. krusei S Positive Positive Positive Negative 

54 C. albicans S Negative Positive Positive Positive 

55 C. glabrata R Positive Negative Negative Negative 

56 C. krusei S Positive Positive Positive Negative 

57 C. krusei S Positive Positive Positive Negative 

58 C. glabrata R Positive Negative Negative Positive 

60 C. krusei S Negative Positive Positive Negative 

Vor: voriconazole. 

 

Discussion 

The infection of C. albicans continues to be a 
major cause of high mortality among 
immunocompromised and hospitalized patients 
and the most common etiologic agent of fungal-
related biofilm infection.27 Although C. albicans 
remains the most common pathogenic fungi 
encountered, the frequency of isolation of non-
Candida albicans Candida species, i.e., C. 
tropicalis, C. krusei, C. glabrata and C. 
parapsilosis, has increased.15,16 The incidence of 
resistance to Candida treatment has surged 
during the recent decades. Emergence of 
fluconazole-resistant Candida species has been 
progressively reported in the last 30 years.18  

The present study identified C. albicans to be 
the predominant causative agent of candiduria 
(34.5%) followed by the non-albicans strains; C. 
glabrata (29.5%) while C. tropicalis and C. krusei 
(18%) were equally detected. Our study results 
are in agreement with that of Badawi et al., 
200428 and Yassin et al., 202029 ascertained that 
C. albicans represented the predominant strain 
followed by C. glabrata and C. tropicalis. 
Hassaneen et al., 201430 reported close 
incidence rates of C. glabrata (21.4%) and C. 
tropicalis (7.1%) isolated from the urine of 
patients admitted with urinary tract infections 
to the Zagazig University Hospitals in Egypt. In 
Kuwait, C. albicans was the most prominent 
species recovered from urine cultures from 
candiduric patients in a tertiary care hospital.31 
Although NAC are emerging as potential 

pathogens responsible for candiduria,32 C. 
albicans is still being reported as the dominant 
species infecting the urinary tract of not only 
Egyptian patients but also patients in several 
Arab countries.33, 34, 35, 36, 37, 38 

E-test on Sabouraud dextrose agar was 
reported as a simple method for MICs 
determination and could detect S-DD strains in 
case of azoles.28 In the present study fluconazole 
susceptibly was screened by disk diffusion 
technique whereas fluconazole and 
voriconazole E-test was used for determination 
of MICs. Totally, 55.7 % of isolates were 
resistant to fluconazole. Higher resistance rate 
was observed for NAC species than for C. 
albicans where 66.7% were susceptible to 
fluconazole similar to those reported by Sandhu 
et al., 201739 where the sensitivity rate was 
73%. Antifungal resistance among C. albicans is 
uncommon in accordance with other 
researchers who reported sensitivity of Candida 
species to fluconazole ranging from 63.3% to 
95%, respectively.40,41,42,43 However, in a recent 
study, 93% of C. albicans isolates were resistant 
to fluconazole.44 With increased use of 
fluconazole, several studies were concerned 
with emergence of fluconazole resistant NAC 
especially C. tropicalis which possessed 
moderate level of fluconazole resistance.45,46 In 
our study, out of 11 C. tropicalis strains 45.5% 
were sensitive and two were S-DD. A study 
conducted by Edward et al., 202047 found that 
100% of C. tropicalis fluconazole were resistant. 
Furthermore, out of 18 C. glabrata, 16 were 
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resistant to fluconazole and only 2 strains were 
S-DD. These are in accordance with another 
study by Lima et al., 201748 who mentioned that 
all C. glabrata isolates were either resistance 
(5.6%) or dose-dependent susceptibility (94.4%) 
to fluconazole. Globally, C. glabrata showed 
higher resistance rates (7.7%-11.9%) than other 
Candida species.49 Only one strain of C. krusei 
was susceptible to fluconazole with 90.9% 
resistant to fluconazole. Various national and 
international studies have reported total 
fluconazole resistant C. krusei isolates. In fact, C. 
krusei has an innate resistance to fluconazole, 
as reported by several studies, demonstrated 
the innate resistance of C. krusei to this 
antifungal drug.50,51 Fluconazole is the most 
commonly prescribed azole agent for 
candiduria, which may explain the increased 
resistance rates and susceptible dose 
dependence observed for this antifungal agent 
in our study which may suggest the future 
emergence of these species with resistant 
isolates. 

In the present study, the overall sensitivity to 
voriconazole of both C. albicans and NAC 
species was 72.1%. This is in accordance with 
other reports, where it was in the range of 
76.6% to 100%.41, 42,43 Similar results for 
voriconazole sensitivity were also obtained by 
Padawer et al., 2015 52 from Israel, Alkilani et 
al., 201638 from Egypt and Khadke et al., 201753 
from Nepal. Many authors have evaluated 
voriconazole activity to be better than that of 
fluconazole and have considered voriconazole 
as a better alternative than fluconazole for the 
primary therapy of candiduria.54 

The observed fluconazole resistance in 
Candida spp. has drawn attention in recent 
years due to resultant serious infection and 
failure of treatment.55 This may be attributable 
to various virulence traits; adhesion to surfaces 
and secretion of extracellular hydrolases, 
proteinases and phospholipases.56 The most 
important hydrolytic enzymes produced by 
Candida species include phospholipases and 
proteinases. In the current study, production of 
hydrolytic enzymes was evaluated as a major 
part of Candida species pathogenicity 
determinants. Proteinase and phospholipase 
were detected in 44.3% and 72.1%, respectively 

of Candida isolates. A study conducted on 200 
Egyptian candiduric patients admitted to the 
ICU of our Institute’s Hospital, phospholipase 
production was in line with our results (68.6%) 
while protinease production was higher than in 
our study (91.4%).57 Another study stated that 
phospholipase activity was seen in 58.1% of 
isolates while proteinase production was seen 
in 37.8% of Candida isolates.58 Conversely, Jose 
et al., 201559 showed highest percentage of 
phospholipase (50%) and proteinase (75%) 
enzyme production among Candida isolates. 
Hydrolytic enzyme production was correlated to 
fluconazole resistance by comparative analysis 
of the sensitive and resistant strains. Of the 
total 34 resistant strains of Candida, 67.7% and 
35.5% were phospholipase and proteinase 
producers, respectively.59 In agreement with our 
study, Edward et al., 2020 47 noted that roughly 
half of these enzyme- producing isolates (40-
46%) were resistant to fluconazole. The 
previous reports demonstrated that fluconazole 
resistance was associated with the acquisition 
of superior virulence traits by Candida species, 
phospholipase and proteinases secretion being 
among these traits.60 

A major virulence factor of C. albicans is its 
ability to form biofilms, a closely packed 
community of cells that can grow on both 
abiotic and biotic substrates, including 
implanted medical devices and mucosal 
surfaces. Biofilms are extremely hard to 
eradicate and resistant to conventional 
antifungal treatment.4 In the present study, of 
the total, 34 resistant strains of Candida 41.2% 
were found to be biofilm producers. In 
correlation with our study the fluconazole 
resistance was detected in 47.4% of the biofilm 
producers.7 There was no correlation between 
the biofilm formation and fluconazole 
susceptibility (P> 0.05), which was in agreement 
with other studies.61,47 

In all fungal species, Erg11 (gene encoding 
Erg11-p or lanosterol 14αdemethylase) is an 
essential gene for ergosterol synthesis. Erg11 
gene over expression results in conformational 
changes that reduces the effective binding 
between azoles and their target and is 
commonly associated with drug resistance in 
clinical isolates.62 In our study Erg11 was 
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observed in 82.4% of fluconazole resistant 
isolates where 93.75% of C. glabrata harbored 
the gene and only amplified in 25% of C. 
albicans. It was reported by Teymuri et al., 
201563 that all fluconazole-resistant C. albicans 
isolates showed up regulation of Erg11. On the 
other hand, Abdelhamid et al., 201864 detected 
Erg 11 by real time PCR in 11.1% (2/18) among 
Candida isolates resistant and susceptible-dose 
dependent to fluconazole (One susceptible dose 
dependent Candida albicans isolate and one 
resistant Candida glabrata isolate). In another 
study, Erg11 overexpression was detected in 
only 37% (five out of 14) of the isolates.65  

The significance of increased Erg11 
expression in fluconazole-resistant NAC is 
variable. Likewise, several studies have 
identified higher expression of Erg11 in 
fluconazole-resistant clinical isolates of C. 
tropicalis as compared to fluconazole-
susceptible isolates.66 Moreover, Erg11 
expression was even higher among a subset of 
fluconazole-resistant isolates that were also 
resistant to itraconazole and voriconazole. 
These results were recently echoed by a similar 
study characterizing 35 °C. tropicalis isolates 
from Korean university hospitals, nine of which 
were fluconazole-non-susceptible.67 Unlike in 
other species of Candida, Erg11 does not 
appear to play a major role in fluconazole 
resistance and there are only two clinical 
isolates reported to display overexpression of 
Erg11.68 The contribution of this overexpression 
to fluconazole resistance in these isolates is 
unclear. The same is true for C. krusei; a single 
report of increased Erg11 expression observed 
in four clinical isolates.69 Unfortunately, due to 
non-availability of sequencing machine in our 
environment, it was not possible to determine 
the level of expression of the Erg11 genes. 

The changes in expression of Erg 11 were 
shown to be involved in drug resistance in 
biofilms.70 In our study, 34.5 % exhibited biofilm 
formation with Erg11 positive. Shi et al., 201970 

stated that there was no difference in 
expression between biofilm-associated cells and 
planktonic cells. However, upon the addition of 
fluconazole, both groups showed increased 
Erg11 expression.72 There were statistically 
significant difference concerning the association 

of proteinase activities and Erg 11 gene 
expression among fluconazole resistance 
Candida isolates. This was in accordance with 
Feng et al., 202172 who reported that the 
expression of secreted aspartyl proteinase 2 
(SAP2) and ERG11 was significantly higher in the 
resistant strains compared with the sensitive 
strains, and there was a positive liner 
correlation between SAP2 and ERG11 
messenger RNA expression. 

In conclusion, the present study highlighted 
the high prevalence of resistance to antifungal 
drugs among Candida species. C. glabrata 
showed maximum resistance among all the 
Candida species so in vitro susceptibility testing 
to antifungal agents and species identification is 
crucial for better selection of antifungal agents 
in treatment of fungal infections. Moreover, 
there was association between the virulence 
factors, antifungal resistance, and the presence 
of Erg11 among different Candida species. Our 
study confirmed that voriconazole maintains 
better activity towards Candida species and 
represent a better alternative therapy in cases 
of candiduria. 
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