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ABSTRACT:

Candida albicans is a common commensal of the human gastrointestinal tract (GIT) but can become an opportunistic
pathogen under immunocompromised conditions. The ALS! gene, part of the agglutinin-like sequence (ALS) family,
encodes an adhesin that facilitates tissue attachment and biofilm formation, contributing significantly to C. albicans
pathogenicity. This study aimed to determine the prevalence of C. albicans in clinical GIT samples and assess the
presence of the ALS! virulence gene among these isolates, using classical and molecular techniques.

A total of 121 stool samples were collected from patients with GIT symptoms in Koya and Erbil City. Culturing was
performed on Sabouraud Dextrose Agar and HiCrome™ for preliminary identification, followed by Gram staining,
germ tube testing, and confirmation with the VITEK 2 ID system. Molecular detection of the 18S rRNA and ALS/
genes was conducted via colony PCR, and selected amplicons were verified by Sanger sequencing and BLAST
alignment.

Candida. albicans was isolated in 22.3% (27/121) of samples. Of these, 81.5% (22/27) tested positive for the ALS/
gene. PCR products were confirmed by sequencing, revealing high identity with reference strains in GenBank.
Combining phenotypic and molecular assays ensured robust and accurate identification.

The high prevalence of ALS! among GIT-derived C. albicans isolates highlights its potential as a molecular marker
for virulence and colonization risk.
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1 INTRODUCTION

Candida albicans is a harmless commensal that typically lives in healthy people oral, vaginal, and gastrointestinal
mucosa. Therefore C. albicans can be found on the mucosa of the majority of human beings. However, this fungus may
trigger outbreaks if the local microbial communities, normal biological barriers, or immune responses are compromised

[1L.[2].

Candida yeast infections that spread to other areas of the human being usually start in the patient gastrointestinal system.
When the host defenses weaken, like after gut barrier disruption, clinical suppression, or taking broad-ranging medicines,
systemic infections can develop. A combination of these variables is often required for C. albicans to translocate from
the gut. Once the microorganism enters the circulatory system [3],[4].

Adhesion thought to be significant in determining host interaction-Candida albicans, Agglutinin-Like Sequence (ALS)
gene family encodes Als proteins function in adhesion which consists of 8 genes (ALS1 to ALS7 and ALS9) that associated
with pathogenicity in Candida sp. And mainly Candida albicans [5],[6]. ALSI in C. albicans is a glycoprotein with a
large cell surface and best described for its role in facilitating ligand binding and aggregation interactions [7].
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Germ Tube testing is a fast way to distinguish C. albicans and C. dubliniensis from other Candida species. Additional
special chlamydospore formation tests, sugar assimilation and fermentation tests can perform. However, these tests are
time-consuming and costly. Among the latest tests, Candida differential agar, VITEK 2ID System, API Systems,
Molecular Methods [8],[9],[10], Numerous molecular tests developed based primarily on polymerase chain reaction
(PCR), appearing high sensitivity and specificity to distinguish and characterize Candida spp.[11].

This article was achieved to determine and provide novel insights into the prevalence of Candida albicans in human
Gastrointestinal tract clinical isolates and detect ALS/ gene for the first time among these isolates from gut samples in
the Kurdistan Region of Iraq, using classical and molecular methods that lead to deeper understanding of clinical
implications of Gastro-intestinal C. albicans infections.

2 MATERIALS AND METHODS
2.1 SAMPLE COLLECTION

In this Cross-sectional study, a total of 121 stool samples were collected from GIT patients at Erbil Governorate,
Kurdistan Region, Iraq as shown in Study-design in FIGURE 1 Flow-chart summarizing our original article Study-design.. Patients
included in this study were those exhibiting clinical signs such as persistent diarrhea, abdominal pain, bloating, or
suspected gastrointestinal infection, and who were referred for stool examination by their attending physicians. While
patients with severe systemic diseases unrelated to gastrointestinal infection, and patients who declined to provide
informed consent were excluded. Ethical approval for this study was granted by the Ethical Committee of the Faculty of
Science and Health at Koya University.
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FIGURE 1 Flow-chart summarizing our original article Study-design.

2.2 CULTIVATION AND ISOLATION

To obtain pure fungal colonies, the collected samples undergone a cultivation process on Sabouraud Dextrose Agar
(Oxoid - UK) supplemented with chloramphenicol, following inoculation, all SDA plates were incubated at 37°C for a
standard duration of 48h. Subsequently, Growing Fungal Colonies were cultured on Candida Differential Agar (HiCrome
- India) then Incubated for same temperature and duration, The production of color and morphology as outlined by the
manufacturer were documented. Light-Green single colonies isolated from each plate, forming the basis for subsequent
Gram stain, Germ tube and Vitek 2 ID System (bioMérieux-France) ,[13],[14].

2.2.1 RECOGNITION OF CANDIDA ALBICANS APPEARANCE

To ensure reliable confirmation of C. albicans presence in the isolates, both Gram stain analysis and the germ tube test
were performed. A combination of HiCrome culturing, Gram stain analysis, and the Germ-tube test was employed in a
three-step approach to identify and examine C. albicans composition within the samples. The selection process is based
on distinct colony morphologies and the presence of germ-tube formation, offering a varied representation of Candida
species. Relying solely on morphological selection cannot fully identify Candida albicans, but a positive germ-tube test
aids in preparing the sample for genomic DNA extraction. These two methods enhance the identification process and
establish a strong foundation for understanding C. albicans composition, then confirmatory test was done by Vitek 2 ID
System (bioMérieux-France) [15],[16] [17].

2.3 DNA EXTRACTION

Colony PCR method performed [18], Fresh isolated pure colony from each of positive samples subjected into 50 micro-
liters of free-nuclease water (ddH20O) which vortexed to make fully mixed then put through thermocycler (BIO RAD —
USA) for 20 minutes at 95°C followed by centrifugation for 2.45 minutes at 12500 rpm. The DNA available supernatant
was ready and available for PCR run.
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2.4 PCR-BASED AMPLIFICATION

The 18S rRNA gene targeted region was amplified using a PCR method to ensure accurate and reliable results. The final
reaction mixture had a total volume of 30 uL, which included 15 pL of ready-to-use Mastermix (Genesand Biotech Co.
- China), 3 upuL of template DNA, 0.9 pL (10 pmol/uL) of each forward primer (I8FWD- 5°-
CTATCAACTTTCGATGGTAG -3°) and reverse primer (18REV-5"-AACCATAACGTCCTATTCTA-3), and 10.2 pL
of nuclease-free water. The same protocol was followed for amplifying the ALS/ gene, with the forward primer
(ALS1FWD-5’-AATTCATTAACTTGGTCCAATG-3’)and reverse primer (ALSIREV-5’-
TGTACCAGATGTGTAACCAT-3") which was specific primers designed in SnapGene Software to target specific
regions of the desired gene, the designated primers with the expected amplicon sizes clearly shown in Table 1. Primers
used for gene amplifications in C. albicans. while the PCR reaction system protocols for the genes were prepared
according to the Table 2. PCR Reaction System Protocol after Further Analysis (Operated on Ice).

Table 1. Primers used for gene amplifications in C. albicans.

Primer Sequences Amplicon Size
18FWD 5’-CTATCAACTTTCGATGGTAG -3’ 505 bp
I8REV 5’-AACCATAACGTCCTATTCTA-3’

ALSIFWD  5’-AATTCATTAACTTGGTCCAATG-3’ 559 bp

ALS1REV 5’-TGTACCAGATGTGTAACCAT-3’

Table 2. PCR Reaction System Protocol after Further Analysis (Operated on Ice).

Content 30 pL
PCR master-mix 15 L
(Genesand Biotech Co. — China)
FWD-Primer (10 uM) 0.9 uL
REV-Primer (10 pM) 0,9 uL
Template DNA 3ul
Free Nuclease Water 10.2 uL

The Polymerase Chain Reaction (PCR) process was carried out using a thermal cycler (BIO-RAD), beginning with pre-
denaturation step at 95°C for 3 minutes. This was followed by 30 cycles, each consisting of a 25 second denaturation at
94°C, an annealing phase at 56.7°C for 25 seconds for 18S rRNA primers and 52°C for 25 seconds ALS! primers, and a
primary extension at 72°C for another 1 minute. The procedure concluded with a final extension step at 72°C for 4
minutes as exhibited in

FIGURE 2. The conditions of Polymerase Chain Reaction according to the master mix (Genesand -Biotech Co. — China) guidelines in Thermocycler
(BIO-RAD) which amplified the genes for research purposes while the optimal Annealing temperatures T, obtained was identified through repeated
trials.
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FIGURE 2. The conditions of Polymerase Chain Reaction according to the master mix (Genesand -Biotech Co. — China) guidelines in
Thermocycler (BIO-RAD) which amplified the genes for research purposes while the optimal Annealing temperatures T, obtained was
identified through repeated trials.

To assess the effectiveness of the PCR process, the amplicon size was confirmed using gel electrophoresis. A 1% agarose
gel was prepared and subjected to an electric field of 85 V for 1 hour and 10 minutes to facilitate this analysis. Ethidium
bromide was incorporated into the gel during preparation to enhance DNA band visualization. After electrophoresis, the
DNA bands became clearly visible, allowing for the identification of samples with the expected band size of 100 base
pairs (bp) ladder (Genesand Biotech Co. - China). Samples exhibiting the correct amplicon size were then selected and
forwarded for the next crucial step of the study: DNA sequencing.
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2.5 GENE SEQUENCING

A key phase of our study focused on sequencing the nucleotides of the PCR products derived from the selected samples.
This task was carried out by Macrogene, a company based in South Korea, utilizing the advanced DNA sequencing
system which is Sanger Sequencing method. The sequencing was specifically performed in the reverse direction of the
18S rRNA gene using the 18REV primer and for confirming the specificity of ALS/ primers using ALSIREV primer,
enabling a thorough analysis and detection of the genetic information present in our C. albicans samples.

After sequencing was completed, the resulting chromatogram, a visual depiction of the sequencing data was thoroughly
analyzed. To verify the accuracy and quality of the obtained DNA sequences. Using Finch TV software, we conducted a
systematic evaluation of the chromatogram to remove the noisy ends and ensure the sequenced fragments adhered to high
standards of precision and reliability.

The generated sequences were analyzed through a comparative approach by aligning them with the vast genetic database
available in the Basic Local Alignment Search Tool (BLAST). This led to identify corresponding sequences from both
the species and the gene. By using this method as a reference, it was able to confirm and reinforce the accuracy of the
study findings.

3 RESULTS
3.1 SAMPLE COLLECTION

The study cohort consisted of 121 patients, with a gender distribution of 57% male (n= 69) and 43% female (n=52). The
mean age of participants was 24.23 years (+19.38), while C. albicans were positive in %22.3 individuals (n=27), although
after isolate differentiation %81.5 had ALS! which led to pathogenicity (n= 22). Moreover, the inclusion of distinct and
less sourced sample types introduced additional complexity to the study, facilitating a more thorough investigation into
the presence of Candida albicans across gastrointestinal tract patients.

3.2 ISOLATION AND CONFIRMATION OF CANDIDA ALBICANS

Culture on Sabouraud Dextrose Agar: All collected samples were initially cultured on Sabouraud Dextrose Agar,
resulting in 110 white, creamy colonies derived from stool swabs then, Gram’s Stain, Microscopic Examination, and
Germ Tube testing were performed subsequently. CHROMagar Culture: These colonies were then sub-cultured onto
CHROMagar medium for the identification of Candida albicans. A total of 27(22.3%) light green colonies were
observed, indicating the presence of C. albicans (FIGURE 3. C. albicans Colonies on (A) Sabouraud Dextrose Agar (SDA) with
Chloramphenicol shows white creamy colonies, (B) Candida Differential Agar (HiCrome) exhibits Light-Green colonies. ).

FIGURE 3. C. albicans Colonies on (A) Sabouraud Dextrose Agar (SDA) with Chloramphenicol shows white creamy colonies, (B) Candida
Differential Agar (HiCrome) exhibits Light-Green colonies.

3.3 DNA EXTRACTION

Genomic DNA was successfully extracted from the isolates and used as a template for PCR amplification. Amplicons of
the expected sizes (~505 bp) for 18S rRNA and (~559 bp) for ALS! gene when visualized on a 1% agarose gel. Distinct,
sharp bands were observed, with no detectable primer-dimers or non-specific amplification. Negative controls (no-
template reactions) showed no contamination, while positive controls (The Isolate that is used for finding Annealing
temperature Ta) validated primer specificity. PCR efficiency was further supported by Sanger sequencing of
representative amplicons, which matched reference sequence (GenBank accession: [ XR_002086442.1]).

3.4 PCR- BASED DETECTION AND SANGER SEQUENCING OF THE 18S RRNA GENE
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The additional molecular tests were performed after DNA extraction of the isolates by Colony PCR method and for
further and accurate identification of Candida albicans, out of the 27 positive isolates tested, all of them were also positive

in molecular methods as shown in
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FIGURE 4. Gel electrophoresis of PCR amplification products. A 100 bp DNA ladder (range: 100 bp—1500 bp) was used as a molecular
size marker. PCR products from all samples showed a single, distinct band at approximately 505 bp, consistent with the expected
amplicon size of the 18S rRNA gene, confirming successful amplification.

Following PCR analysis, 27 samples tested positive; however, one could not be submitted for sequencing due to technical
limitations. Consequently, sequencing was performed on 26 Candida isolates, and the resulting chromatograms were
analyzed using Finch TV software. To ensure data integrity, sequences were trimmed at both the 5' and 3' ends,
specifically at regions where primer binding introduced signal noise, thereby making them suitable for downstream
analyses (Figure 5). The refined sequences were subsequently subjected to BLAST analysis and compared against the
reference genome of Candida albicans strain SC5314 as shown in table 3.
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FIGURE 5. Chromatogram representing the V4 region of the 18S rRNA gene. The upper bars indicate the quality scores of individual
nucleotide bases. The sequence exhibits clean and evenly spaced peaks with minimal background noise, and the baseline remains consistent

Table 3
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throughout, reflecting high-quality sequencing data.

. Strain ID Identity and accession numbers present compared to gold reference strain of Candida albicans which is strain SC5314

with it is accession number XR_002086442.1.

Isolate ID  Accession Number Percent identity
HIS.T PV652873 100.00%
H2S.T PV652874 100.00%
H3S.T PV652875 100.00%
H4S.T PV652876 100.00%
H5S.T PV652877 100.00%
H7S.T PV652878 99.77%
H8S.T PV652879 100.00%
HOS.T PV652880 100.00%
H10S.T PV652881 100.00%
HI11S.T PV652882 100.00%
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HI128.T PV652883 100.00%
H13S.T PV652884 100.00%
H14S8.T PV652885 100.00%
HI158.T PV652886 100.00%
H16S.T PV652887 100.00%
H178.T PV652888 100.00%
H18S.T PV652889 100.00%
HI19S.T PV652890 100.00%
H20S.T PV652891 100.00%
H21S.T PV652892 100.00%
H22S.T PV652893 100.00%
H23S8.T PV652894 100.00%
H24S8.T PV652895 100.00%
H258.T PV652896 100.00%
H26S.T PV652897 100.00%
H278.T PV652898 100.00%

3.5 IDENTIFICATION OF THE ALS1 GENE

Among the 27 Candida albicans isolates examined via PCR, 22 (%81.5) tested showed positive for the presence of the
ALS1 gene. The size of the resulting amplicon size was ~559 base pairs as the primer designed by SnapGene software
and the expected result was the same in gel electrophoresis and variation in fluorescence intensity under UV illumination
was observed among the PCR products of the DNA isolates during gel electrophoresis, as shown in Figure 6.

1500 bp

1000 bp

FIGURE 6. Gel electrophoresis of PCR amplification products. A 100 bp DNA ladder (range: 100 bp—1500 bp) was used as a molecular size
marker. PCR products from all samples showed a single, distinct band at approximately 559 bp, consistent with the expected amplicon size
of the ALS1 gene, confirming successful amplification.

Five random samples of ALS! gene amplicon chosen and sent to sequencing to confirm the specificity of the designated
pair of primers (ALSIFWD and ALS1REV); after trimming the noisy ends, the identity of the chosen gene detected by
BLAST and integrated into NCBI as shown in (Table 4).

Table 4. Strain ID Identity and accession numbers present compared to Candida albicans strain GFH agglutinin-
like protein (als1) gene, partial cds with it is accession number JQ307470.1.

Gene ID Accession Number  Percent identity
Candida_ALS]1.partial.cds. HIA.T.H1 PV654527 99.80%
Candida_ALS]1.partial.cds.H2A.T.H2 PV654528 100.00%
Candida_ALSI.partial.cds. H3A.T.HI0  PV654529 99.80%
Candida_ALS]1.partial.cds. H4A. T.HI1 = PV654530 99.18%
Candida_ALS]1.partial.cds. HSA.T.HI3  PV654531 97.57%

4 DISCUSSION

Candida albicans is widely recognized as a normal commensal organism inhabiting the human vaginal and
gastrointestinal tracts; however, it also serves as a significant opportunistic pathogen responsible for a broad range of
infections globally [19]. The colonization rate (22.3%) detected in our study likely represents a combination of
commensal carriage and undiagnosed infections. This aligns with current understanding that C. albicans typically exists
as a harmless gut resident but can transition to pathogenic states following compromise of host immune defenses [1].

This study aimed to assess the occurrence of Candida albicans in gastrointestinal tract (GIT) specimens and to detect the
presence of the ALS! virulence gene among clinical isolates. The analysis showed that C. albicans was present in 22.3%
(27 out of 121) of the stool samples, with 81.5% (22 of 27) of these isolates exhibiting ALS! gene carriage. These findings
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are in agreement with recent literature that emphasizes the pivotal role of ALS! in fungal virulence in clinical samples
[15]. And also, these findings are comparable to local and regional studies reporting Candida albicans prevalence in
gastrointestinal or clinical stool samples in Kurdistan Region and Iraq. For example, a study in Diyala reported a
colonization rate of 21.5%, while Hamada et al. [12] in Kirkuk found 26.57% prevalence among children’s diarrheal
stool samples. Although no data are available for ALS! in gastrointestinal isolates, studies from other sample types show
high ALS1 prevalence; for instance, Ahmadessa and Ali [20] reported 82.2% ALS1 positivity in vulvovaginal candidiasis
(VVC) isolates.

The elevated prevalence of ALSI-positive strains in our study likely results from microenvironmental selection pressures
within the gastrointestinal tract that favor fungal variants with superior adhesion and invasion potential. This observation
aligns with the work of Witchley et al. [21], who demonstrated that C. albicans dynamically regulates virulence genes
(including ALST) to adapt to gut conditions and evade host immunity. Our findings suggest these ALS!-positive strains
exhibit heightened pathogenic potential, particularly in immunocompromised hosts or those with disrupted gut ecologies
[22].

This phased detection system ensured progressively higher specificity and analytical framework combining selective
chromogenic culture, phenotypic characterization, and molecular genotyping to achieve optimal discriminatory power
for Candida sp. identification. This multimodal approach capitalizes on the complementary strengths of each technique:
HiCrome™ provides rapid presumptive identification through chromogenic differentiation, while conventional
mycological tests verify morphological characteristics. The molecular component, utilizing polymerase chain reaction
(PCR) amplification with species-specific primers followed by sequencing, offers definitive confirmation at the genetic
level. Contemporary studies have established that such integrated protocols significantly enhance diagnostic precision in
clinical mycology compared to conventional methods alone [23],[24].

The analytical validity of our ALS! detection methodology was rigorously established through multiple verification steps.
Amplicons were subjected to gel electrophoresis and sent to sequencing, with subsequent nucleotide alignments against
curated reference sequences in GenBank using BLASTN algorithm analysis. This confirmation pipeline aligns with
current best practices for fungal virulence gene characterization [25],[26]. The demonstrated reproducibility of our results
underscores the protocol reliability for clinical and research applications in medical mycology.

Critically, this study substantiates the diagnostic relevance of ALS detection as a predictive biomarker for evaluating C.
albicans virulence in gastrointestinal infections. For immunocompromised patients or those with gut dysbiosis [5],
routine molecular screening of this adhesin gene could inform early intervention strategies and guide antifungal
stewardship.

CONCLUSION

This study highlights the prevalence of Candida albicans in gastrointestinal tract samples and underscores the clinical
relevance of the ALSI gene as a key virulence determinant. The detection of ALS! in 81.5% of C. albicans isolates
suggests a high potential for pathogenicity among colonizing strains, particularly in hosts with compromised gut integrity
or immune function. These findings support the role of 4LS7 in mediating adhesion, colonization, and potentially invasive
behavior within the gastrointestinal environment.

The application of integrated diagnostic approaches, combining selective culturing, and PCR-based molecular
techniques, proved highly effective for the accurate detection and characterization of C. albicans and its virulence traits.
Importantly, the sequencing and bioinformatic validation of ALSI gene amplification further reinforce its utility as a
reliable genetic marker in clinical mycology field.

Incorporating molecular screening for ALS! into routine diagnostic protocols may enhance early identification of high-
risk Candida strains and inform antifungal therapy decisions.

RECOMMENDATIONS

Future studies should explore the correlation between ALS] expression levels and clinical outcomes, and evaluate the
gene’s potential as a target for antifungal intervention or vaccine development.
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