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Abstract 

Candidiasis is the term for disseminated, visceral, and mucocutaneous infections. The majority of 

these infections are caused by the species Candida albicans. C. albicans can infect such diverse 

host niches because it is supported by a variety of virulence factors and fitness attributes. These 

factors, particularly biofilm production, may explain treatment failures; for example, biofilm-

producing strains show increased resistance to antifungal drugs and host immunity. Several genes 

are thought to promote biofilm formation, including those for hyphal wall protein 1 (hwp1), 

agglutinin-like sequence 1 (ALS1), and agglutinin-like sequence 3 (ALS3). This research aimed to 

detect the prevalence of virulence markers (hwp1 and ALS1) of C. albicans that were isolated from 

patients with vulvovaginal candidiasis. DNA extracts of C. albicans were obtained from the 

conserved strains. These strains were then confirmed through the application of molecular biology. 

The hwp1 gene was observed in 95.8% of C. albicans, and the ALS1 gene in 97.9%. The 

simultaneous presence of ALS1 and hwp1 genes was observed in 94.4% of C. albicans species. As 

the hwp1 and ALS1 genes play important roles in biofilm formation, which adds to the virulence of 

C. albicans, they could be targets for vulvovaginal candidiasis therapy. 
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Introduction 

The term candidiasis is used for a wide range 

of deep and superficial mycoses that are 

caused by the fungus Candida. Candidiasis 

occurs as disseminated, visceral, or 

mucocutaneous infections. These infections can 

occur at any age and are risk factors for 

pathogenic and opportunistic infections 

(Diekema et al., 2012; Segal and Frenkel, 

2018). Approximately 20 of 200 known Candida 

species are associated with human infections 

(Berkow and Lockhart, 2017). The majority of 

these infections are caused by the species 

Candida albicans (Djohan et al., 2012).  

 

C. albicans infects such diverse host niches 

because it is supported by a variety of virulence 

factors and fitness attributes. Several attributes, 

including morphological transition between yeast 

and hyphal forms, cell-surface expression of 

adhesins and invasins, thigmotropism, biofilm 

formation, phenotypic switching and the 

secretion of hydrolytic enzymes, are considered 

virulence factors (Mayer et al., 2013). These 

factors, particularly biofilm production, may 

explain treatment failures. In support of this 

hypothesis, biofilm-producing strains show 

increased resistance to antifungal drugs and 

host immunity (Mathé and Van Dijck, 2013; 

Mohammadi et al., 2021). Several genes are 

thought to promote biofilm formation, such as 

hyphal wall protein 1 (hwp1), agglutinin-like 

sequence 1 (ALS1), and agglutinin-like sequence 

3 (ALS3). In addition, the release of 

extracellular hydrolytic enzymes increases the 

virulence of the fungus (Dawoud et al., 2024). 

 

It is essential to know the antifungal 

susceptibility profiles of Candida species to select 

appropriate treatment for vulvovaginal 

candidiasis. HWP1 is a mannoprotein that is 

linked to glycosylphosphatidylinositol (GPI). 

Similar to the protein encoded by the ALS gene 

family, it plays an important role in Candida 

adhesion. This protein may be important in the 

pathogenicity and virulence of C. albicans 

(Mohammadi et al., 2021). Several studies have 

shown that the gene that produces HWP1 is 

expressed during the early stages of biofilm 

formation. There is little extant data on virulence 

factors associated with strains of C. albicans 

isolated in Côte d’Ivoire. 

 

This research aimed to detect the prevalence of 

the virulence markers HWP1 and ALS1 of C. 

albicans isolated from patients in the Côte 

d’Ivoire who had vulvovaginal candidiasis. 

 

Materials and methods 

Study material  

The biological material used in this work was DNA 

extracted from C. albicans clusters. These had 

been obtained from vaginal swabs and stored at -

20˚C in the laboratory of the Centre de 

Diagnostic et de Recherche sur le SIDA et les 

autres maladies infectieuses (CeDReS) after 

culture on fresh Sabouraud chloramphenicol agar 

and incubation at 37˚C for 24 to 72 hours for 

morphological identification. 

 

Patient selection 

The colony from which DNA was extracted came 

from vaginal swabs taken from patients who had 

attended the gynaecology departments of the 

General Hospital of Adjamé in Abidjan) and the 

Anti-Venereal Dispensary. These were patients 

who had lesions suggestive of vulvovaginitis. 

 

Sample collection  

Sterile cotton swabs that had been wetted with 

sterile physiological saline were used by the 

physician to collect vaginal specimens. The 

posterior fornix was swabbed after speculum 

placement. At the laboratory, the swab was used 

to inoculate the culture medium. 

 

DNA extraction 

Before analysis, one to two drops of stored 

strains of C. albicans were transferred back under 

strict aseptic conditions onto fresh Sabouraud 
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chloramphenicol agar and incubated at 37˚C for 

24 to 72 hours. All successful subcultures were 

extracted. 

 

Approximately 100mg of each strain, which had 

been resuspended in sterile phosphate-buffered 

saline solution, was used to extract parasitic DNA 

using the Quick-DNA™ Fungal/Bacterial Miniprep 

Kit (Zymo Research, California, USA) according to 

the manufacturer’s instructions. 

 

Molecular identification of Candida albicans 

The species from the isolates was confirmed 

through use of the polymerase chain reaction 

(PCR) species-specific approach according to the 

protocol described by Theill et al., 2016 (Table 

1). The conditions for amplification were as 

follows: 95°C for 5min; 30 cycles at 94°C for 

45s, 58°C for 40s and 72°C for 55s; and a final 

10 min extension step at 72°C. After 

amplification, electrophoresis enabled 

visualisation of PCR products on a 1.5% agarose 

gel. Electrophoresis was performed at 100mV for 

two hours to enable better dissociation of the 

fragments. The amplicon were analysed by use of 

system gel documentation VWR gel 

electrophoresis in 0.5% agarose gel that 

contained GelRed® Nucleic Acid Gel Stain 

(Biotium). The expected size was 941bp for C. 

albicans.  

 

Table 1. HWP1 oligonucleotide sequences used for the identification of Candida albicans species 

Primer 5’-sequence-3’ Length of PCR product (bp) 
Candida hwp1 Forward GCT ACC ACT TCA GAA TCA TCA TC 850 - 951 

Reverse GCA CCT TCA GTC GTA GAG ACG 

 

Table 2. Sequences of the oligonucleotides used for PCR assays for the virulence genes study 

Primer 5’-sequence-3’ Length of PCR product (bp) 
C. albicans ALS1 Forward GAC TAG TGA ACC AAC AAA TAC CAG 318 

Reverse CCA GAA GAA ACA GCA GGT GA 
C. albicans hwp1 Forward CCATGTGATGATTACCCACA 572 

Reverse GCTGGAACAGAAGATTCAGG 

 

Molecular detection of virulence markers in 

Candida albicans 

To analyse the virulence genes, we employed 

PCR methodology with specific primers. The 

conditions for amplification of the genes ALS1 

and hwp1 were used as previously reported by 

Goulart et al., 2018 (Table 2). The final volume of 

the reaction was 25µl for each sample, which 

contained: 4µl of DNA, 12.5µl of GoTaq Hot Start 

Green Master Mix (Promega, Madison, Wisconsin, 

USA) and 0.5µl (10µmol/µl) of oligonucleotides 

(Eurofins Genomics LLC, Germany). 

 

The ALS1 gene was amplified through the use of 

the following conditions: initial denaturation at 

94°C for 5min, 40 cycles of denaturation at 94°C 

for 30s, annealing at 58°C for 30s, extension at 

72°C for 30s and final extension at 72°C for 

7min. The PCR conditions for the hwp1 gene were 

as described here: initial denaturation at 94°C for 

3min, 30 cycles of denaturation at 94°C for 30s, 

annealing at 60°C for 30s, extension at 72°C for 

30s and final extension at 72°C for 10min. The 

PCR products were analysed through the 

application of system gel documentation VWR gel 

electrophoresis in 0.5% agarose gel that 

contained GelRed® Nucleic Acid Gel Stain 

(Biotium). 

 

Ethical considerations 

The study was approved by the National 

Committee of Ethics and Life and Health Sciences 

of Côte d’Ivoire (certificate number: 059-

23/MSHPCMU/CNESVS-km). This study was 

conducted in accordance with the principles of the 

Helsinki Declaration. Freely written informed 

consent was obtained from the patients, parents 

or legal guardians prior to enrolment. 
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Data analysis  

All statistical analyses were performed through 

the use of SPSS Statistics version 21 (IBM, 

Armonk, New York, USA).  

 

Results 

Candida species identification 

A total of 151 DNA extracts of C. albicans were 

obtained from the conserved strains. These strains 

were then confirmed through the application of 

molecular biology. The success rate of molecular 

testing for the hwp1 gene was 96.03% (145/151). 

All 145 strains that were identified as C. albicans by 

mycological analysis were confirmed as such by 

molecular analysis. The majority of isolates (95%, 

144/151) were from patients older than 18 years. 

 

Detection of virulence gene markers 

The hwp1 and ALS1 genes were observed at 

572bp and 318bp, respectively (Fig. 1&2). 

 

Fig. 1. Agarose gel electrophoresis of ALS1 gene 

PCR products 

M: Molecular weight marker, Lane 1 to 15: 

isolates 

 

Fig. 2. Agarose gel electrophoresis of hwp1 gene 

PCR products 

M: Molecular weight marker, Lane 1 to 15: 

isolates 

 

The hwp1 gene was observed in 95.8% 

(138/144) of the C. albicans, while the 

prevalence of the ALS1 gene was 97.9% or 

141/144. Only one isolate expressed neither 

hwp1 nor ALS1. This was an isolate from a 

patient with a single partner whose symptoms 

had lasted for three weeks and who had 

previously taken an antibiotic. Seven isolates 

expressed one or the other of the genes studied. 

These were isolates from patients with single 

partners whose symptoms had lasted less than 

one month in each case and who were not 

receiving antibiotic treatment when the swabs 

were taken. 

 

The simultaneous presence of ALS1 and hwp1 

genes was observed in 94.4% of C. albicans 

species. These were patients whose symptoms 

had lasted one month or more (38.5%), who 

were not receiving antibiotic treatment (82.5%) 

and who each had one sexual partner (96.5%). 

 

Discussion 

To assess the prevalence of C. albicans in vaginal 

specimens that had been collected in Abidjan, we 

identified 151 incoming isolates (previously 

identified as C. albicans by phenotypic methods) 

through the amplification of the hwp1 gene with a 

single primer pair.  

 

The chosen methodology was designed to obtain 

highly purified DNA through the use of a specific 

extraction kit for simple and rapid isolation of 

DNA from difficult-to-lyse fungi, such as 

Aspergillus fumigatus, C. albicans, Neurospora 

crassa, Saccharomyces cerevisiae, 

Schizosaccharomyces pombe, and Gram (+/-) 

bacteria. Fungal samples were lysed rapidly and 

efficiently through the use of state-of-the-art 

ultra-high-density "Bashing Beads". A Zymo-Spin 

column was then used to isolate DNA. This 

column is ideal for downstream molecular 

applications including PCR, quantitative PCR and 

next-generation sequencing. By combining these 

two methods, 145 C. albicans species were 

confirmed from 151 isolates. In this study, C. 

albicans was isolated from patients who were 



 

5 Gnagne et al. 

 

between 15 and 45 years old, with a 95% 

predominance in patients who were over 18 years 

old. These results are consistent with those found 

by Amal et al., 2018 between June 2022 and 

January 2024 at the Faculty of Medicine and 

National Liver Institute of Menoufia University, 

Egypt (Dawoud et al., 2024).   

 

The use of PCR enabled the rapid discrimination 

of C. albicans species that were involved in 

vulvovaginal infections; conventional methods 

require three to five days to obtain a result 

(Codreanu and Ciurea, 2023). Taqi Al-Khazali et 

al., 2023 used non-structural protein 1 (NS1) and 

NS8, which were different from those we used, to 

differentiate between two Candida species, C. 

albicans and C. dubliniensis, in Iraq. However, 

other authors (Eghtedar Nejad et al., 2020) have 

used real-time PCR with high-resolution melting 

analysis to identify several clinical yeast species 

such as Candida spp.  

 

Our data showed that the majority of isolates (> 

95%) were biofilm producers. They were positive 

for biofilm-related genes (hwp1 and ALS1). The 

frequency of occurrence of these genes was 

97.9% and 95% for ALS1 and hwp1, respectively. 

These data are consistent with the findings of 

(Brunetti et al., 2019; Treviño-Rangel et al., 

2018) that all the Candida species that caused 

bloodstream infections were biofilm producers, 

with the highest intrinsic production among C. 

albicans and C. tropicalis. Additionally, these 

results are similar to those found by Ardehali et 

al., 2019 in Tehran, Iran, between March 2016 

and February 2017. In a similar study that was 

conducted in Brazil, the authors found that the 

prevalence of ALS1 and hwp1 in vulvovaginal 

swab specimens was 73.7% and 21.1%, 

respectively (Goulart et al., 2018). 

 

HWP1 is the first cell-surface protein of C. 

albicans required for biofilm formation in 

vivo(Nobile et al., 2006). Biofilm formation plays 

an essential role in the pathogenicity of C. 

albicans. Biofilm is a population of cells 

surrounded by an extracellular matrix that 

consists of yeast cells and filaments; it has a 

relationship with the surface and exhibits 

phenotypic characteristics that are different from 

those of planktonic cells (İNci̇ et al., 2013). The 

initiation of biofilm formation is dependent on 

the attachment of yeast cells to a substrate 

before the yeast cells aggregate (Granger et al., 

2005). The ALS gene family is the largest among 

known adhesin gene families in C. albicans. The 

ALS1 protein is a GPI-anchored adhesin that is 

involved in C. albicans biofilm formation, cell-cell 

and cell-surface interactions, and interactions 

with the host epithelium (Martorano-Fernandes et 

al., 2023).  

 

The ALS proteins belong to a family of adhesins 

that are known to play a role in adhesion and the 

early formation of biofilms (Du et al., 2012). C. 

albicans proteins in the ALS1 family are among 

the best-studied fungal adhesions. ALS genes 

seem to be responsible for fluconazole resistance 

through biofilm formation, which contributes to 

drug resistance (Roudbarmohammadi et al., 

2016). Two studies show that the suppression of 

ALS1 reduces C. albicans virulence (Alberti-Segui 

et al., 2004; Fu et al., 2002). These profiles 

suggest that the hwp1 and ALS1 genes could be 

therapeutic targets for the development of 

antifungal drugs that target C. albicans 

infections. 

 

Conclusion 

Our data show that the majority of the isolates 

that were obtained from patients in Côte 

d’Ivoire who had vulvovaginal candidiasis were 

biofilm producers. The hwp1 and ALS1 genes 

play an important role in biofilm formation, 

which is involved in the virulence of C. 

albicans. Investigation of other genes in the 

ALS family may provide further insights into 

the mechanism of biofilm production. The 

different profiles of the hwp1 and ALS1 genes 

show that they could be targets for the 
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development of therapies against vulvovaginal 

candidiasis. 
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