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Background: Candida species are usually found as a component of individual's normal 

microflora. Candida albicans capable of causing opportunistic infections varying from 

superficial infections in immunocompetent people, to life-threatening systemic infections 

in immunocompromised persons. A variety of pathogenicity factors contribute to 

colonization and pathogenesis of C. albicans during superficial and systemic infections. 

Objective: The aim of this work is to compare between the expression of ALS3 and 

SAP1-6 genes among Candida albicans isolated from superficial versus invasive 

candidiasis. To study the antifungal susceptibility pattern of the collected isolates. 

Methodology: This study was conducted on 25 isolates of C. albicans isolated from 

superficial candida infection and 25 isolates from invasive infections, The isolates were 

assessed for their capability to form biofilm, measurement of quantitative gene 

expression of ALS3, SAP1-6 genes by real   time   reverse transcription -polymerase 

chain reaction (RT-PCR), and antifungal susceptibility using the disk diffusion method. 

Results: There had been a high statistically significant difference between the two 

groups regarding biofilm formation p value < 0.001. Also, there was a high statistically 

significant difference in the expression of SAP 1-6 and ALS3 genes between the two 

studied groups (P < 0.001) with higher expression levels in the systemic candidiasis 

group. Resistance to antifungals was more common in systemic isolates. Conclusion: 

This study has found a relationship between the biofilm development and fluconazole 

and itraconazole resistance in C. albicans isolates. Moreover, the present study detected 

a correlation between the expressions of ALS3 gene and biofilm development. 

 
INTRODUCTION 

 

Candida albicans, is one of the normal flora of our 

skin, oropharynx, and lower respiratory, 

gastrointestinal, and genitourinary tracts. It is an 

opportunistic fungus that settles in many human niches. 

Candida infections can be fatal, especially in patients 

with compromised immune systems. The different 

clinical symptoms of Candida species range from 

limited, superficial mucocutaneous illnesses to 

aggressive, potentially fatal diseases that affect 

numerous organ systems
1
.  

The term "candidiasis" unites three separate 

conditions: colonize asymptomatically a non-sterile 

location, such as the skin, digestive system; superficial 

mucocutaneous infections; and aggressive tissue 

infections
2
. 

Oral and vulvovaginal Candida infections are 

among the most prevalent human infections, yet they 

are not usually serious. 50% to 90% of human 

candidiasis is caused by Candida albicans, the most 

prevalent cause of oral and vulvovaginal candidiasis
3
. 

Invasive candidiasis has become a serious public 

health issue along with the increase in the number of 

critical patients getting wide spectrum antibiotics, 

immunosuppressant, and  using invasive equipment. 

Both children and adults who have invasive candidiasis 

experience high mortality rates. The most typical type 

of invasive candidiasis is candidemia
4
. 

Candida species possess unique and specialized 

virulence features that are intrinsically linked to the 

factors that govern infection, including adhesion, 

invasion of host tissues, biofilm development, and 

immune system evasion
5
. 

Several virulence factors such as host tissue 

adhesion, hydrolase secretion and biofilm formation are 

associated with a change from symbiotic to pathogenic 

amongst candida spp. at different sites of the body.
6
 

Secreted hydrolases secreted as partyl proteases, 

phospholipases and haemolysesin are the uppermost 

common enzymes linked to the pathogenicity of 
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Candida which perform a crucial part in host damage, 

invasion, adhesion, and tissue penetration. Saps 

facilitate the attachment of the host tissues, and their 

subsequent host damage is associated with alterations to 

the host's immune system escape 
8
. 

The emergence of Candida cells to host epithelial or 

medical device has been considered as an early stage for 

the formation of biofilms. The biofilm is a very 

organized microbial community, which irreversibly 

attaches itself to the surface and constitutes an 

extracellular matrix by its own creation. Living in a 

biofilm provides protection against fungal infections 

and contributes to survival under hostile environmental 

conditions 
9
. 

Antifungal therapy available for treating Candida 

infections is limited to four major classes of antifungal 

drugs, including the most prescribed azoles, polyenes, 

fluoropyrimidines and the recently generated 

echinocandins. There has been an evolution of drug 

resistance in response to an increase in opportunistic 

fungal infections and widespread use of antifungals
9
. 

The aim of this work is to compare between the 

expression of ALS3, SAP1-6 genes and antifungal 

susceptibility pattern among Candida albicans isolated 

from superficial versus invasive candidiasis 

 

METHODOLOGY 
 

Clinical Isolates:  

The current study was carried out at the Department 

of Medical Microbiology and Immunology, Faculty of 

Medicine, Cairo University during the period from 

February 2019 till September 2021. The research 

protocol acquired approval from the Ethical committee 

of the Faculty of Medicine, Cairo University 

(16/10/2018). The study included 150 samples obtained 

from clinically suspected cases of candidiasis. Samples 

were collected under strict aseptic precautions from 

(vaginal swabs, blood samples, pus, endotracheal tubes, 

and catheter tips) from   neonatal intensive care unit 

(NICU), intensive care unit (ICU), Inpatient (Internal 

Medicine, Chest, Gynecology) and Outpatient 

Departments of Kasr El Ainy Hospital. Samples were 

subjected to direct microscopic examination and culture 

on Sabouraud Dextrose Agar (SDA) (Oxoid) with 

chloramphenicol followed by incubation at 25°C for 24 

– 48hrs. Identification of Candida to Genus level by 

Gram stain and to species level by Germ Tube Test 

(GTT). Subculture on chromogenic medium (Oxoid, 

England, REF: CM1002B). C. albicans colonies were 

smooth and the color is pale green.. C. tropicalis 

appears as raised colonies that range in color from blue 

to metallic blue.  C. glabrata colonies were smooth and 

cream to white, but C. krusei colonies were purple and 

hairy.  Other Candida species can produce light mauve 

colonies, which were likewise made by yeast cells. 

Isolates were stored in glycerol broth at –30ºC.
10,11

. 

Antifungal Susceptibility of the yeast isolates: 

All yeast isolates were evaluated using the CLSI 

disc diffusion method. The antifungal agents used for 

disc diffusion method were obtained by liofilchem s.r.l, 

Italy: Amphotericin B -100 units, Nystatin-100 units, 

Fluconazole – 10μg, Voriconazole -1 μ g, 

Ketaconazole-30 μg and Itraconazole- 30 μg and results 

were interpreted according to (CLSI M44-A 2018) 

guidelines
12

. 

Biofilm Development: 

The ability of isolates of Candida to produce biofilm 

was evaluated using sterile 96-well micro plates. The 

optical density (OD) for every well was measured using 

an enzyme linked immunosorbent assay (ELISA) reader 

Stat Fax-2100 (GMI, Germany) at 450 nm. 
13

. 

Measurement of virulence gene expression:  

For each Candida albicans isolate, seven RT-PCRs 

were done. These reactions were to identify SAP1-6 

(SAP1, SAP2, SAP3, SAP4, SAP5 and SAP6) and ALS3 

genes. Candida Actin (ACT1) gene was used as an 

internal mRNA control for evaluation of the sensitivity 

and efficacy of the RT-PCR analysis. Our study's real-

time quantitative polymerase chain reaction (qPCR) 

differed from traditional PCR in that it included 

fluorescent reporter molecules in the reaction. These 

molecules increase in thermocyclers in direct proportion 

to the level of DNA amplification. RNeasy mini kit was 

used to extract total RNA from 50 Candida albicans 

isolates. (Qiagen GmbH, Hilden, Germany) according 

to the guidelines of the manufacturer 
14

. RNA yield was 

determined by Nanodrop Spectrophotometer 

(ScanDrop, Delta, Germany) which was used to 

measure the absorbance of the isolated RNA at 260 nm 

and 280 nm and RNA purity was assessed by 

calculating the ratio of A260/A280. A ratio of 1.8–2.1 

was considered acceptable. cDNA was  synthesized by 

RT-PCR where the total RNA (1μg) was used for cDNA 

conversion using high-capacity cDNA reverse 

transcription kit (#K4374966, Thermo Fisher Scientific, 

USA). Relative Quantitation of SAP1-6 genes 

expression by Real –Time PCR by using an Applied 

Biosystem with software version 3.1 (StepOne™, 

USA). The qPCR assay with the primer sets were 

adjusted at the annealing temperature. Every cDNA, 

even those from previously produced samples (for 

SAP1-6 genes expression), internal control (for ACT1 

gene expression as housekeeping gene), and non-

template control (water to verify that the reaction 

mixture is free of any DNA contamination), were 

duplicated. Relative Quantitation of ALS3 gene 

expression by Real-Time PCR by were carried out with 

an Applied Biosystem with software version 3.1 

(StepOne™, USA). The primer sets for the qPCR test 

were adjusted at the annealing temperature. Every 

cDNA, even those from previously produced samples 

(for ALS3 gene expression), internal control (for the 

expression of ACT1 gene as housekeeping gene), and 
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non-template control (water to verify that the reaction 

mixture is free of any DNA contamination), were 

duplicated. Relative Quantification (RQ) (relative 

expression) was calculated once the RT-PCR process 

was completed and the data were expressed in Cycle 

threshold (Ct). The PCR data sheet includes Ct values of 

assessed genes (for SAP 1-6 & ALS3 genes expression) 

and the house keeping (reference) gene, the gene that 

the cell consistently and regularly expresses (ACT1 

gene). To assess the gene expression of certain genes, a 

negative control (reference) sample was used. 

Therefore, target gene expression was assessed and 

related to reference (internal control) gene as follows: 

Finally, RQ was calculated according to the following 

equation:  

1. Δ Ct = Ct assessed gene – Ct reference gene  

2. Δ Δ Ct = Δ Ct sample – Ct internal control gene  

3. RQ = 2 
– (Δ Δ Ct)

 

Statistical analysis: 

Data were coded and entered using the statistical 

package for the Social Sciences (SPSS) version 28 

(IBM Corp., Armonk, NY, USA). Data was summarized 

using mean and standard deviation for quantitative 

variables and frequencies (number of cases) and relative 

frequencies (percentages) for categorical variables. 

Comparisons between groups were done using unpaired 

t test when comparing 2 groups and analysis of variance 

(ANOVA) with multiple comparisons post hoc test 

when comparing more than 2 groups 
15

 For comparing g 

categorical data, Chi square (2) test was performed. 

Exact test was used instead when the expected 

frequency is less than 5
16

. Correlations between 

quantitative variables were done using Pearson 

correlation coefficient
17

. P-values less than 0.05 were 

considered statistically significant. 

 

RESULTS 
 

Analysis of clinical isolates: 

A total of 100 Candida isolates were obtained from 

150 suspected cases of fungal  infection. 70 isolates of 

Candida albicans (70%) were identified using germ 

tube test (GTT) and chromogenic medium (Oxoid, 

England, REF: CM1002B). (Figure 1) 
 

 
Fig. 1: C. albicans on chrome agar showing greenish colonies 

 

Out of these isolates 50 strains of C. albicans were 

chosen for studying the expression of ALS3 and SAP1-6 

genes, biofilm development and the antifungal 

susceptibility pattern. The isolates were divided into two 

groups; Group (1): systemic candidiasis: 25 isolates 

from systemic candidiasis recovered from patients 

admitted to ICU departments, in Kasr El-Ainy 

University Hospitals and Group (2): 25 isolates obtained 

from superficial candidiasis were recovered from 

patients in Outpatient (Gynecology and E.N.T) 

Departments of Kasr El-Ainy Hospitals (Figure 2). 

 

A          

B  

Fig. 2: Distribution of C .albicans isolates among 

different clinical samples.  A: showing samples in 

systemic candidiasis (group 1) B: showing samples in 

superficial candidiasis (group 2). 

 

 

 

Antifungal Susceptibility test results: 

The disc diffusion method  
Group 1 has shown that 72% of C. albicans isolates 

have been exposed to Amphotericin B, 60% are 

susceptible to Fluconazole and Itraconazole, 71% 

voriconazole, 76% ketoconazole and 88% nystatin. 

While in group 2; it shows that 92% of C. 

albicans isolates were susceptible to Amphotericin B, 

88% were susceptible to fluconazole and voriconazole, 

84% susceptible to Itraconazole, 96% susceptible to 

ketoconazole and nystatin. There was no statistically 

significant difference between the two groups in 

antifungal susceptibility test results except for 

fluconazole p value (0.024). (Figure 3a,b) 
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Fig. 3a: Antifungal susceptibility test of C. albicans isolates 

using the disc diffusion method. Amphotrecin B 100 (AP 

100), Fluconazole 10 (FLC 10), Ketoconazole 30 (KT 30), 

Itraconazole 30 (IT 30), Voriconazole 1(VOC 1), Nystatin 100 

(NYS 100). This isolate was sensitive to all except 

fluconazole.  

 

 
Fig. 3b: Antifungal susceptibility test of C. albicans isolates 

using the disc diffusion method. Amphotrecin B 100 (AP 

100), Fluconazole 10 (FLC 10), Ketoconazole 30 (KT 30), 

Itraconazole 30 (IT 30), Voriconazole 1(VOC 1), Nystatin 100 

(NYS 100). This isolate was sensitive to amphotricine B, 

nystatin and resistant to the rest. 

 

Biofilm formation: 

Candida albicans isolates were screened for biofilm 

formation by the microplate method using sterile 96-

well microplates. There were more biofilm forming 

isolates in systemic candidiasis [22 (88%)] than 

superficial candidiasis [12 (48%)]. (Figure 4) 

 

 

 

 

 
Fig. 4: Biofilm formation in microplate 

 

 

 

 

A high statistically significant variation found 

between the two groups regarding biofilm formation p 

value < 0.001. (Figure 5) 

 

 

 

 

 
Fig 5: Comparison of biofilm formation in the two groups 
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Expression levels of Secreted aspartic proteinases (SAP) 1-6 genes in group1and group 2 

The SAP1-6 expression levels were significantly lower in group 2 isolates in comparison  to group 1 isolates (table 

1)  

 

Table 1: Comparison between expression levels of SAP1-6 genes in the two groups. 

 
Group 1 systemic Group 2 superficial 

P value* 
Mean Standard Deviation Mean Standard Deviation 

SAP 1 9.06 1.75 2.86 0.48 < 0.001 

SAP 2 4.93 0.96 1.52 0.44 < 0.001 

SAP 3 9.39 2.29 3.84 0.45 < 0.001 

SAP 4 5.87 2.20 1.89 0.55 < 0.001 

SAP 5 5.03 1.60 1.84 0.56 < 0.001 

SAP 6 6.43 2.07 2.74 0.88 < 0.001 

 

Expression levels of Agglutinin-like protein (ALS3) gene in group 1 and group 2. 

There was a high statistical difference between the two groups (P < 0.001) with high expression levels in the 

systemic candidiasis (table 2)  

 

Table 2: Comparison between expression levels of ALS3 gene in group 1 and group 2 

 
Group 1 systemic Group 2 superficial 

P value* 
Mean Standard Deviation Mean Standard Deviation 

ALS 3 3.42 1.16 1.66 0.49 < 0.001 
*
(Significant p value<0.05) 

 

Correlation between the expression of ALS3 and biofilm formation in the whole study population. 
A high statistically significant variation revealed between biofilm producing isolates and non-biofilm producing in 

ALS3 expression p value (< 0.001), ALS3 were highly expressed among biofilm forming strains. (Table 3)  

 

Table 3: ALS3 expression in biofilm forming and non-biofilm forming isolates. 

 

Biofilm  

Biofilm forming Non biofilm forming P value 

Mean Standard Deviation Mean Standard Deviation  

ALS 3 2.97 1.23 1.64 0.74 < 0.001 

 

Correlation between the expression of ALS3 and 

biofilm formation in each group. 

There was statistically significant variation in 

expression level of secreted aspartic proteinases (SAP) 

1-2 genes between the resistant isolates to fluconazole, 

ketoconazole and itraconazole and the sensitive isolates, 

p value (0.008, 0.020, and 0.033) for SAP 1 and (0.047, 

0.036, and 0.049) for SAP2 respectively with higher 

expression in the resistant isolates. (Table 4). 

 

 

Table 4: comparison between the biofilm forming isolates and the non-biofilm forming isolates regarding the 

expression level of the ALS3 gene.  

Group 1  

systemic 

Biofilm  

Non biofilm 

forming 
weak biofilm moderate strong P value* 

Mean SD Mean SD Mean SD Mean SD  

ALS 3 2.41 1.43 3.31 1.04 3.56 1.20 4.25 0.99 0.214 

Group 2 

superficial 

Biofilm  

Non biofilm forming weak biofilm P value* 

Mean SD Mean SD  

ALS 3 1.46 0.39 1.88 0.51 0.027 
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No significant variation was found between the non-

biofilm producing isolates and the biofilm producing 

isolates regarding the expression level of ALS3 in the 

first group, although there were significant differences 

in expression level of ALS3 gene between both the non-

biofilm forming isolates and the weak biofilm forming 

isolates in the second group. 

 

Correlation between the antifungal susceptibility test 

results and the expression levels of secreted aspartic 

proteinases (SAP) 1-6 genes and the ALS3 gene. 

There was statistically significant difference in 

expression level of secreted aspartic proteinases (SAP) 

1-2 genes between the resistant isolates to fluconazole, 

ketoconazole and itraconazole and the sensitive isolates, 

p value (0.008, 0.020, and 0.033) for SAP 1 and (0.047, 

0.036, and 0.049) for SAP2 respectively with higher 

expression in the resistant isolates. (Table 5). 

 

 

Table 5: Correlation between the antifungal susceptibility test results and the expression levels of secreted 

aspartic proteinases (SAP) 1-6 genes and the ALS3 gene. 

 

Fluconazole  

resistant sensitive P value 

Mean Standard Deviation Mean Standard Deviation  

SAP 1 8.05 2.90 5.22 3.25 0.008 

SAP 2 4.11 1.64 2.92 1.87 0.047 

SAP 3 7.56 2.95 6.28 3.32 0.225 

SAP 4 4.14 2.31 3.79 2.67 0.669 

SAP 5 4.04 1.95 3.22 2.00 0.206 

SAP 6 5.72 2.90 4.19 2.16 0.051 

ALS 3 2.96 1.34 2.40 1.21 0.168 

 

Ketoconazole  

resistant sensitive P value 

Mean Standard Deviation Mean Standard Deviation  

SAP 1 8.67 2.66 5.52 3.30 0.020 

SAP 2 4.43 1.34 3.03 1.88 0.036 

SAP 3 7.51 2.87 6.47 3.31 0.438 

SAP 4 4.22 2.30 3.82 2.62 0.709 

SAP 5 3.84 1.88 3.37 2.04 0.568 

SAP 6 5.87 2.89 4.38 2.33 0.135 

ALS 3 3.32 1.20 2.42 1.23 0.077 

 

Itraconazole  

resistant sensitive P value 

Mean Standard Deviation Mean Standard Deviation  

SAP 1 7.58 3.30 5.33 3.23 0.033 

SAP 2 5.89 2.96 4.08 2.03 0.049 

SAP 3 7.31 3.00 6.34 3.33 0.348 

SAP 4 4.40 2.29 3.68 2.66 0.379 

SAP 5 3.71 2.00 3.33 2.02 0.545 

SAP 6 3.85 1.79 2.98 1.87 0.143 

ALS 3 3.02 1.50 2.36 1.11 0.095 

 

DISCUSSION 

 

Candidiasis is a global fungal infection brought on 

by Candida fungus, the most prevalent of which is 

Candida albicans.
18 

Infections can be either 

mucocutaneous or invasive candidiasis.
4 

The ability of 

Candida to cause infections depends in part on its innate 

virulence factors. C. albicans are causing serious 

problems because it carries more virulence factors than 

non albicans Candida isolates
18

. 

Our study has been designed to investigate the 

expression of virulence factor genes that play a major 

role in C. albicans' pathogenicity, as secreted aspartyl 

proteases genes 1-6 (SAP1-6) and agglutinin-like 

protein (ALS3) gene among C. albicans isolated from 

superficial versus systemic candidiasis and to assess 
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their antifungal susceptibility pattern. Standard 

mycological techniques, germ tube tests and 

morphological characteristics of chrome agar have 

identified 70 isolates, C. albicans was the highest 

prevalent isolated species (70%), whereas the non-

albicans species were (30%). Similar results were 

recorded by Nagajothi et al.
19

 and ElFeky et al.
20

, who 

reported that prevalence of C. albicans was (70.59%) 

and 60.3% respectively. However, ElFeky and Gohar
21

 

reported (55.6%) C. albicans identification, while 

(44.4%) were identified as non-albicans among 

Candida species isolated from superficial and systemic 

candidiasis. 

In our study, in-vitro antifungal susceptibility done 

by the disk diffusion technique showed that antifungals 

with the highest susceptibility in superficial candidiasis 

were ketoconazole and nystatin (96%), followed by 

amphotericin B (92%) and 88% for fluconazole.  

Similar results were detected by Goulart et al.
22

 where 

96.5% of the strains were susceptible to ketoconazole, 

Furthermore, Shi et al.
23

 found that 100% sensitivity to 

amphotericin B and nystatin and 92.3% sensitivity to 

fluconazole. However, Waikhom et al.
24

 reported lower 

rates of susceptibility, of C. albicans isolates were 

susceptible to fluconazole (21%).  

It is widely accepted that Candida develops rapidly 

resistance to azoles and echinocandins. Nevertheless, 

resistance to amphotericin B remains extremely rare 

mostly because the fitness cost of developing 

modifications for survival is high
25

.In our study, the in 

vitro sensitivity testing of C. albicans isolates, isolated 

from systemic candidiasis revealed that the antifungal 

with the greatest sensitivity was nystatin (88%) 

followed by ketoconazole and amphotericin B (76%, 

72%) respectively, fluconazole and itraconazole 

susceptibility rates were (60%). Similarly, Khairat et 

al.
26

 showed 94.4% sensitivity to nystatin. However, 

lower sensitivity rate was reported by Paul & Kannan
27

 

with only 29.4% sensitivity to fluconazole. Similarly, 

El-Houssaini et al.
9 

detected a 100% fluconazole and 

voriconazole resistance. Different sources and locations 

of clinical samples can be attributed to variations in 

antifungal resistance profiles
9
. In our study, we detected 

statistically significant difference between systemic and 

superficial infections isolates in antifungal susceptibility 

testing results for fluconazole p value (0.024) with 

higher prevalence of fluconazole resistance in systemic 

than superficial isolates. This conclusion is consistent 

with the study performed before by El-Houssaini et al.
9 
 

 Candida species pathogenicity is associated with its 

ability to biofilm formation
27

. The present study showed 

(88%) and (48%) of isolates in systemic candidiasis and 

superficial candidiasis were biofilm forming. High 

statistically significant variation between the two 

categories regarding biofilm formation p value < 0.001. 

In agreement with our study, Alikhani et al.
28

 revealed 

(48.7%) positivity for biofilm production. However, 

Sriphannam et al.
27

reported 51.2% and 46% positivity 

of C. albicans isolates from systemic candidiasis.   

Our study demonstrated a relation between the 

biofilm development and fluconazole and itraconazole 

resistance in C. albicans isolates, with statistically 

significant variations between those who develop 

biofilm and those who don't with more resistance to 

fluconazole and itraconazole. Similarly, Deng et al.
29

 

reported that the resistance to fluconazole, vioriconazole 

and itraconazole was higher for C. albicans with biofilm 

formation. However, Marak & Dhanashree
30

 found no 

statistical correlation between the biofilm development 

and antifungal sensitivity (p > 0.05). 

Through induction by surface contact, biofilm 

development raises the rates at which resistance genes 

are expressed
31

. The pathogenicity and adherence of 

Candida albicans to mucosa and epithelial cells are 

regulated by several genes, the most significant are the 

agglutinin-like sequence (ALS) genes
32

. 

Regarding our results, Agglutinin-like protein 3 

(ALS3) quantitative gene was expressed in all isolates, 

which was matching with, Mohammed et al.
33

 who 

showed ALS3 gene detection in all tested C. albicans 

isolates from vaginal and oral infections. Also, 

Roudbarmohammadi et al.
32

, reported the expressions in 

77.7% of the isolates. In disagreement, Monroy-Pérez et 

al.
34

 revealed that ALS3 gene was detected in only 

35.8% of C. albicans strains. Our research revealed a 

relationship between the expression of ALS3 and the 

ability to biofilm formation with high statistically 

significant difference between ALS3 expression in 

biofilm forming and non-biofilm forming isolates. 

Similar results were documented by Deng et al. 
29

 and 

Mohammed et al.
33

 

The primary virulence determinants in C. albicans 

are secreted aspartic proteases, which are encoded by a 

family of 10 SAP genes
35

. Our result detected the SAP1-

6 expression in all isolates. Also, Ali et al.
36

 reported 

100% expression in SAP4- SAP6 and 91% -92.3% in 

SAP1-SAP3.   

  Our result reported the quantitative expression 

levels of SAP1-6 were statistically significantly lower in 

superficial isolates compared to systemic isolates (P < 

0.001). Up to date studies comparing the quantitative 

SAP 1-6 genes expression in superficial and systemic 

candidiasis has not been published yet. Additionally, we 

found a significant correlation between SAP1, SAP 2 

genes and resistant to fluconazole, ketoconazole and 

itraconazole, p value (0.008, 0.020, and 0.033) 

respectively with higher expression in the resistant 

isolates.  
 

CONCLUSION & RECOMMENDATIONS 
 

Prevalence of Candida albicans was more than 

candida non- albicans in isolated species. Biofilm 

formation is more prominent among the systemic 
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isolates. There is a correlation between biofilm 

production, and resistance of C. albicans to antifungal 

treatment. The expression of SAP1-6 and ALS3 were 

more evident in systemic isolates with a correlation 

between ALS3 expression and biofilm production.  

Therefore, our study recommends that prior to 

initiating therapy, a preliminary antifungal sensitivity 

test and identification of Candida species at the species 

level should be performed. In addition, In order to deal 

with the multiple factorial similarities of virulence 

factors in general, biofilm formation and antifungal 

resistance, it is necessary to carry out additional studies 

at Genetic and Molecular levels.  

 

Declarations: 
Consent for publication: Not applicable 

Availability of data and material: Data are available 

upon request. 

Competing interests: The author(s) declare no 

potential conflicts of interest with respect to the 

research, authorship and/or publication of this article.  

This manuscript has not been previously published and 

is not under consideration in another journal.  

Funding: Authors did not receive any grants from 

funding agencies. 
 

Author Contributions: 

Marwa Ali: Carried out the experiments, performed the 

analysis, discussed the results, and wrote the final 

manuscript with input from all authors.  

Hamida Goher: Supervision, Project Administration.  
Reham Ali Dwedar: Supervision, Validation, Review & 

Editing.  
Yasser Nassar: Resources, Supervision, Review & 

Editing.  
Mona Gamal Eldin Nada: Manuscript writing, 

reviewing and final editing.  
Maha Mahmoud Kotb: Planned and supervised the 

experiments, discussed the results, revised the work, and 

approved the final version to be published.  

 

REFERENCES 
 

1. Talapko J, Juzbašić M, Matijević T, Pustijanac E, 

Bekić S, Kotris I, Škrlec I. Candida albicans—the 

virulence factors and clinical manifestations of 

infection. Journal of Fungi. 2021 Jan 22;7(2):79. 

2. Pereira F, Rammaert, B. Candida and 

Candidiasis. Journal: Encyclopedia of Infection and 

Immunity 2022; 315-329. 

3. McCort ME. Oropharyngeal and Vulvovaginal 

Candidiasis. InEncyclopedia of Mycology: Volume 

1, 2 2021 Jan 1 (pp. V1-726). Elsevier. 

4. Wulandari A, Hapsari R, Sari D, Puspitasari I, 

Pramukarso DT. Antifungal susceptibility profile of 

Candida spp. causing candidemia in an Indonesian 

tertiary hospital. Journal of Clinical Microbiology 

and Infectious Diseases. 2021 Dec 21;1(2):28-32. 

5. Devi AR. Candida Species Isolation, Identification 

and Biofilm Detection at a Tertiary Care Hospital. 

6. Mayer FL, Wilson D, Jacobsen ID, Miramon P, 

Slesiona S, Bohovych IM, Brown AJ, Hube B. 

Small but crucial: the novel small heat shock 

protein Hsp21 mediates stress adaptation and 

virulence in Candida albicans. PloS one. 2012 Jun 

7;7(6):e38584. 

7. Silva S, Negri M, Henriques M, Oliveira R, 

Williams DW, Azeredo J. Candida glabrata, 

Candida parapsilosis and Candida tropicalis: 

biology, epidemiology, pathogenicity and 

antifungal resistance. FEMS microbiology reviews. 

2012 Mar 1;36(2):288-305. 

8. Monika S, Zbigniew O. Contribution of aspartic 

proteases in Candida virulence. Protease inhibitors 

against Candida infections. Current Protein and 

Peptide Science. 2017 Oct 1;18(10):1050-62. 

9. El-Houssaini HH, Elnabawy OM, Nasser HA, 

Elkhatib WF. Correlation between antifungal 

resistance and virulence factors in Candida albicans 

recovered from vaginal specimens. Microbial 

pathogenesis. 2019 Mar 1;128:13-9. 

10. Jayatilake JA. A review of the ultrastructural 

features of superficial candidiasis. Mycopathologia. 

2011 Apr;171(4):235-50. 

11. Carroll KC, Pfaller MA. Manual of clinical 

microbiology. Washington, DC: ASM Press, 2019 

12. Clinical and Laboratory Standards Institute CLSI 

Method for Antifungal Disk Diffusion 

Susceptibility Testing of Yeasts. 3rd ed. Wayne, 

PA:  CLSI Guideline M44, 2018 

13. Deepa K, Jeevitha T, Michael A. In vitro evaluation 

of virulence factors of Candida species isolated 

from oral cavity. Journal of Microbiology and 

antimicrobials. 2015 Mar 31;7(3):28-32. 

14. Tavanti A, Pardini G, Campa D, Davini P, Lupetti 

A, Senesi S. Differential expression of secretory 

aspartyl proteinase genes (SAP1-10) in oral 

Candida albicans isolates with distinct karyotypes. 

Journal of clinical microbiology. 2004 Oct; 

42(10):4726-34. 

15. Chan YH Biostatistics102: Quantitative Data – 

Parametric & Non-parametric Tests. Singapore 

Med J. 2003a: 44(8): 391-396.  

16. Chan YH. Biostatistics 103: qualitative data-tests of 

independence. Singapore Med J. 2003 Oct 

1;44(10):498-503. 

17. Chan YH. Biostatistics 104: correlational analysis. 

Singapore Med J. 2003 Dec 1;44(12):614-9. 



Ahmed et al. /Invasive vs Superficial Candidiasis: Biofilm, ALS3, SAP1-6 and Drug Susceptibility, Volume 33 / No. 2 / April 2024   1-9 

  

 

 Egyptian Journal of Medical Microbiology  

ejmm.journals.ekb.eg     info.ejmm22@gmail.com 
9 

18. Kadry AA, El-Ganiny AM, El-Baz AM. 

Relationship between Sap prevalence and biofilm 

formation among resistant clinical isolates of 

Candida albicans. African health sciences. 2018 

Nov 29;18(4):1166-74. 

19. Nagajothi A, Muthulakshmi K, Mohamed Adil AA. 

Phenotypic Characterization And Anti-Fungal 

Susceptibility Of Candida Species Isolated From 

Various Clinical Samples Of Immunocompromised 

Patients In A Teritiary Care Hospitals. Annals of 

the Romanian Society for Cell Biology. 2020 Dec 

30:941-4. 

20. ElFeky DS, Gohar NM, El-Seidi EA, Ezzat MM, 

AboElew SH. Species identification and antifungal 

susceptibility pattern of Candida isolates in cases of 

vulvovaginal candidiasis. Alexandria Journal of 

Medicine. 2016 Aug 16;52(3):269-77. 

21.  ElFeky DS, Gohar NM. Evaluation of virulence 

factors of Candida species isolated from superficial 

versus systemic candidiasis. The Egyptian Journal 

of Medical Microbiology (EJMM). 2016 Mar 

27;25(1). 

22. Goulart LS, Santiago EF, Ramon JL, Moura SV, 

Silva AR, Silva Jr IF, Chávez-Pavoni JH, Araújo C. 

Species distribution and antifungal susceptibility to 

vulvovaginal Candida spp. in southern Mato Grosso 

State, Brazil. Jornal Brasileiro de Patologia e 

Medicina Laboratorial. 2016 Jul;52:233-7. 

23. Shi Y, Zhu Y, Fan S, Liu X, Liang Y, Shan Y. 

Molecular identification and antifungal 

susceptibility profile of yeast from vulvovaginal 

candidiasis. BMC infectious diseases. 2020 

Dec;20:1-0. 

24. Waikhom SD, Afeke I, Kwawu GS, Mbroh HK, 

Osei GY, Louis B, Deku JG, Kasu ES, Mensah P, 

Agede CY, Dodoo C. Prevalence of vulvovaginal 

candidiasis among pregnant women in the Ho 

municipality, Ghana: species identification and 

antifungal susceptibility of Candida isolates. BMC 

pregnancy and childbirth. 2020 Dec;20:1-4. 

25. El-Ganiny AM, Yossef NE, Kamel HA. Prevalence 

and antifungal drug resistance of nosocomial 

Candida species isolated from two university 

hospitals in Egypt. Current medical mycology. 

2021 Mar;7(1):31. 

26. Khairat SM, Sayed AM, Nabih M, Soliman NS, 

Hassan YM. Prevalence of Candida blood stream 

infections among children in tertiary care hospital: 

detection of species and antifungal susceptibility. 

Infection and Drug Resistance. 2019 Aug 5:2409-

16. 

27. Ciurea CN, Kosovski IB, Mare AD, Toma F, 

Pintea-Simon IA, Man A. Candida and 

candidiasis—opportunism versus pathogenicity: a 

review of the virulence traits. Microorganisms. 

2020 Jun 6;8(6):857.  

28. Sriphannam C, Nuanmuang N, Saengsawang K, 

Amornthipayawong D, Kummasook A. Anti-fungal 

susceptibility and virulence factors of Candida spp. 

isolated from blood cultures. Journal De Mycologie 

Medicale. 2019 Dec 1;29(4):325-30. 

29. Deng K, Jiang W, Jiang Y, Deng Q, Cao J, Yang 

W, Zhao X. ALS3 expression as an indicator for 

Candida albicans biofilm formation and drug 

resistance. Frontiers in Microbiology. 2021 Apr 

29;12:655242. 

30. Marak MB, Dhanashree B. Antifungal 

susceptibility and biofilm production of Candida 

spp. isolated from clinical samples. Int J Microbiol. 

2018 Oct 10;2018(7495218):7495218. 

31. Ajlan SE, Elmahdy EE, Sleem AS, Zaher EM, 

Sayed Ahmed NF. Study of Azole Susceptibility 

and Virulence Patterns of Vulvovaginal Candida 

Species in Menoufia, Egypt. Egyptian Journal of 

Medical Microbiology. 2022 Oct 1;31(4):61-9. 

32. Roudbarmohammadi S, Roudbary M, Bakhshi B, 

Katiraee F, Mohammadi R, Falahati M. ALS1 and 

ALS3 gene expression and biofilm formation in 

Candida albicans isolated from vulvovaginal 

candidiasis. Advanced biomedical research. 2016;5. 

33. Mohammed, N. A., Ajah, H. A., & Abdulbaqi, N. J. 

Determination the Gene Expression Levels of 

adhesins and Extracellular Enzymes Genes in 

Candida albicans biofilm producer by Quantitative 

Real Time PCR Technique (qRT-PCR). Indian 

Journal of Forensic Medicine & Toxicology 2021; 

15(2), 1517. 

34. Monroy-Pérez E, Paniagua-Contreras GL, 

Rodríguez-Purata P, Vaca-Paniagua F, Vázquez-

Villaseñor M, Díaz-Velásquez C, Uribe-García A, 

Vaca S. High virulence and antifungal resistance in 

clinical strains of Candida albicans. Canadian 

Journal of Infectious Diseases and Medical 

Microbiology. 2016 Oct;2016. 

35. Joo MY, Shin JH, Jang HC, Song ES, Kee SJ, Shin 

MG, Suh SP, Ryang DW. Expression of SAP5 and 

SAP9 in Candida albicans biofilms: comparison of 

bloodstream isolates with isolates from other 

sources. Medical Mycology. 2013 Nov 

1;51(8):892-6. 

36. Ali A, Azab M, Abdelrahman A. Distribution of 

secreted aspartyl protease (SAP) virulence genes 

and antifungal resistance genes at vulvovaginal 

candidiasis isolates. GSC Biological and 

Pharmaceutical Sciences. 2018 Dec 30;5(3):086-94. 

 


