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Molecular identification of non-albicans candida isolated from vulvovaginitis of cows
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Abstract

Background: Vulvovaginitis in cows is an important reproductive issue that can

OPEN ACCESS affect fertility, cause discomfort, and lead to complications during breeding or

calving. This research aims at the molecular identification of non-albicans Candida

(NAC) species isolated from cows with vulvovaginitis in Baghdad City, highlighting

*Corresponding Author their genetic diversity and potential clinical implications. Methodology: A total of

Nabaa Ali Hasan 150 vaginal swab samples were collected from cows suffering from vaginal infection.

naba.fili2024m@covm.uobmd'edu‘iq Identification was done through the VITEK 2 system, and the molecular detection by

Recewedf > July 2025 the PCR assay targeting the internal transcribed spacer (ITS) region was also

AccePted' 22 July 2025 performed followed by sequencing. Then, the multiplex PCR was used to amplify two
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key genes associated with biofilm formation in various NAC species, these genes

included Agglutinin-Like Sequence 1(ALS1) and Hyphal wall protein 1 (HWP1).

Moreover, the PCR assay was used to determine the presence of anti-fungal resistance

by targeting the multidrug resistance gene (MDR1). Results: Using the Vitek2
@ ® system, a yeast-like growth was observed in 17% (26/150) of the samples. Candida

tropicalis was the most prevalent species (30.7%), followed by Candida krusei
(19.2%). Other NAC species included C. parapsillosis (7.6%), C. utilis (2.6%), C.

This article is an open access distributed pelluiculosa, and C. albicans (2.6% each). PCR amplification of the ITS region
under the terms and conditions of the followed by sequencing confirmed the genetic diversity of the isolates, with species-
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BY 4.0) level identification achieved through high nucleotide sequence identity (99-100%) to

GenBank references. The findings highlighted the utility of molecular techniques in
distinguishing closely related species. The research also identified the presence of the
biofilm-associated genes and the multidrug resistance gene in several NAC species,
emphasizing their virulence and anti-fungal resistance. Biofilm formation was
particularly prominent in C. tropicalis, correlating with treatment challenges.
Conclusions: The findings underscore the rising prevalence and pathogenic potential
of NAC species in vulvovaginitis, emphasizing the need for advanced molecular
diagnostics to guide effective treatment strategies.
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Introduction

ulvovaginitis, a common gynecological condition, is frequently associated with fungal pathogens, particularly

Candida species (Willems et al., 2020). While Candida albicans has traditionally been recognized as the
primary causative agent (Talapko ez al., 2021), recent studies indicate a growing prevalence of non-albicans
Candida (NAC) species in vulvovaginal infections (Makanjuola et al., 2018). These NAC species, including
Candida glabrata, Candida tropicalis, Candida krusei, and others, often exhibit unique pathogenic mechanisms,
higher biofilm-forming capacities, and increased antifungal resistance, posing significant diagnostic and therapeutic
challenges (Malinovska et al., 2023).

The emergence of NAC species as predominant or co-pathogens reflects a shifting trend in vulvovaginitis etiology
(Othman et al., 2018), influenced by factors such as overuse of antifungal agents, changes in host immune status,
and alterations in the vaginal microbiome (Alwan & Aziz, 2012; Makanjuola et al., 2018; Willems et al., 2020).
This shift necessitates advanced diagnostic approaches to identify fungal pathogens accurately, as conventional
methods may lack the sensitivity and specificity to differentiate between Candida species (Pham et al., 2024).
Molecular techniques, including polymerase chain reaction (PCR) and the internal transcribed spacer (ITS) region
sequencing, have proven to be invaluable tools in overcoming these limitations, offering precise and reliable
species-level identification (Khot & Fredricks, 2009; Tsui et al., 2011). Furthermore, the role of virulence factors,
such as biofilm formation and multidrug resistance, in complicating treatment outcomes underscores the
importance of studying genetic markers associated with these traits (Satala ef al., 2021; Kumar et al., 2023). Genes
such as ALS1, HWP1, and MDR1 have been implicated in enhancing fungal adhesion, biofilm development, and
antifungal resistance, particularly in NAC species (Abastabar et al., 2016; Jahanshiri ef al., 2023). The detection
and analysis of these genes provide critical insights into the pathogenic potential of NAC species and inform
targeted therapeutic strategies (Mohammadi ef al., 2021).

This research focuses on the molecular identification of NAC species isolated from cows with vulvovaginitis in
Baghdad City, highlighting their prevalence, genetic diversity, and pathogenic characteristics. By combining
phenotypic methods with molecular diagnostics, this research aims to elucidate the complex role of NAC species
in vulvovaginal infections and contribute to developing more effective diagnostic and treatment protocols.

Materials and Methods

Ethics approval

This study was approved by the ethical and research committee of the College of Veterinary Medicine, University
of Baghdad, Ministry of Higher Education and Scientific Research (issue No.1928/H.E. on 17/6/2025).

Collection of samples

A total of 150 vaginal swab samples were collected from cows suffering from vaginal infection by a trained
veterinarian during routine examinations in Baghdad City using sterile cotton swabs. Informed consent was
obtained from all owners. The owners were instructed to avoid using any antifungal medication or douching for at
least 48 hours before the sample collection. All swabs were placed in sterile amies transport media (containing agar
and balanced salt solution with inorganic phosphates for buffering, sodium thioglycolate to create a reduced
environment, and charcoal to neutralize toxic substances) and transferred to the laboratory within 2 hours of
collection (Stelzner, 1990; Balows, 2003).

Culture and isolation

All 150 swab samples were inoculated onto Sabouraud Dextrose Agar (SDA) plates (HiMedia, India) supplemented
with chloramphenicol (0.05 g/L) to inhibit bacterial growth. The plates were incubated at 37°C for 48-72 hours
under aerobic conditions to promote the growth of yeast-like fungi (Balows, 2003).
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During the incubation period, the plates were monitored and examined for the presence of yeast-like fungal
colonies, which were identified based on morphological characteristics. Suspicious colonies were repeatedly
subcultured onto fresh SDA plates to obtain pure isolates. The resulting pure yeast colonies were subjected to a
series of morphological and biochemical tests for preliminary identification, including microscopic examination of
cell morphology and germ tube testing (Larone, 1994; Deorukhkar et al., 2014)

VITEK 2 system identification

The VITEK 2 system (bioMérieux, France) was used to identify Candida species from yeast-like isolates obtained
from vaginal swab samples of cows with vulvovaginitis. The isolates were suspended in a sterile normal saline to
be compared with a McFarland standard tube of 2.0 and inoculated into VITEK 2 YST identification cards
containing preloaded biochemical substrates. The inoculated cards were analyzed using the VITEK 2 compact
instrument, which matched biochemical profiles with an integrated database for species-level identification. This
method enabled the accurate identification of both common and rare Candida species, including C. tropicalis, C.
parapsillosis, and others.

DNA extraction

Genomic DNA was extracted from 17 yeast cultures using the FavorPrep Fungi/Yeast Genomic DNA Extraction
Mini Kit (Cat. No. FAFYG 001). The process was conducted according to the manufacturer’s instructions (Intron,
Korea).

Determination of the DNA quality and concentration

The quality of the extracted DNA was evaluated using agarose gel electrophoresis. 1% agarose gel was prepared
by dissolving 1 g of the agarose powder in 100 ml of 1x TBE buffer. The mixture was heated using a hot block
until the agarose was completely dissolved, resulting in a clear solution. The agarose solution was then allowed to
cool to approximately 50-55°C with intermittent swirling to ensure even cooling. Subsequently, 3 pl of Red Stain
was added to the warm gel solution to facilitate visualization of DNA bands. Once prepared, the ends of a gel-
casting tray were sealed with two layers of tape, and combs were positioned to create wells. The agarose solution
was carefully poured into the casting tray and allowed to solidify at room temperature. After the gel solidified, the
combs were gently removed, and the tape was peeled off. The gel was then transferred to an electrophoresis
chamber, which was filled with 1x TBE buffer. DNA samples were prepared by mixing 5 pl of each DNA sample
with 3 ul of DNA loading buffer. The samples were loaded into the wells of the agarose gel, and electrophoresis
was performed at 70V and 65 mA for 1 hour. Upon completion, the DNA bands were visualized using a UV
transilluminator.

Primer’s preparation

The lyophilized primers (Macrogen/ Korea) used in this research were reconstituted with nuclease-free double-
distilled water (ddH20O) to achieve a stock concentration of 100 pmol/ul. The stock solution was stored at -20°C.
For PCR amplification, a working primer solution was prepared by diluting 10 pl of the stock solution with 90 pl
of ddH20, resulting in a final concentration of 10 pmol/pl.

Two sets of primers targeting the ITS region designed by White et al. (1990) were utilized for PCR amplification.
Multiplex PCR was employed to detect and differentiate Candida species by amplifying the ALS1 and HWP1
(Mohammadi et al., 2021). Primers specific for the MDR1 gene (Jin et al., 2018) were amplified by the conventional
PCR. The sequences of the primers, along with their properties and expected product sizes, are summarized in
Table 1.
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Table 1: The sequence and properties of primers used in this study

Primer Sequence Tm (°C) GC% Size of Product (bp)
ITS1 F 5'- TCCGTAGGTGAACCTGCGG -3’ 60.30 50.00
1TS4 R 5'- TCCTCCGCTTATTGATATGC-3' 57.80 41.00 223879
F 5'- ACCAGAAGAAACAGCAGGTG-3' 58.03 50.00
ALST R 5'- GACTAGTGAACCAACAAATACCAG-3’ 57.52 41.67 319
HWP F 5'- ATGACTCCAGCTGGTTC-3' 53.08 52.94 03
R 5'- TAGATCAAGAATGCAGC-3' 48.30 41.18
F 5'GGGTGCATCATTCCAGCCTA-3’ 59.82 55.00
MDRI R 5" GGGATGGCAATCATCACGAG-3' 58.77 55.00 189

PCR Reaction components

The PCR reaction mix was prepared with a final volume of 25 pl. Table 2outlines the components and their
respective volumes used for each PCR reaction.

Table 2: Reaction components for PCR amplification

Component Volume (Final)
Taq PCR PreMix (5x) 5.00 pl
Forward primer (10 pmol/pl) 1.00 pl
Reverse primer (10 pmol/pl) 1.00 pl
DNA template 1.50 pl
Distilled water 16.5 ul
Total Volume 25.0 ul
PCR conditions

The PCR amplification was performed using the conditions listed in Table 3.

Table 3: Thermal cycling conditions for PCR

Step Temperature (°C) Time Cycles
Initial Denaturation 95 5 minutes 1
Denaturation 95 45 seconds 35
Annealing 54 1 minute 35
Extension 72 1 minute 35
Final Extension 72 5 minutes 1

ITS region sequencing and data analysis

Seventeen samples were sent to Macrogen/Korea and been analyzed and registered by the National Center for
Biotechnology Information (NCBI).
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Results

Isolation and identification of yeast-like fungi

Yeast-like growth was observed in 17% (26/150) of the cow vaginal swab samples. The colonies after incubation
at 37°C for 48 hours, were characterized by the appearance of creamy and robust, shiny, and smooth colonies which
were consistent with yeast morphology, Figure 1(a) strongly suggests the presence of yeast-like fungal growth and
this agrees with Hadi & AlSultany (2020), Risan (2022) and Jarallah & Al-Haddad (2022). The consistency in
yeast-like growth indicates the stability and viability of the isolated strain (Figure 1 b). This consistency across
subcultures is crucial, as it confirms the isolate's identity and ensures its reliability for further analysis (Hadi &
AlSultany, 2020).

Figure 1: Yeast-like growth, a- after inoculating vaginal swab on SDA for 48
hours at 37°C, b- after subculturing for 3 times

VITEK 2 system identification of NAC

In this research, the VITEK 2 system confirmed the isolation of yeast species from 26 swabs from cows with
vulvovaginitis. The results revealed a diverse range of Candida and other yeast species, highlighting the complexity
of vulvovaginitis etiology (Eleutério et al., 2023). The most prevalent species identified was C. tropicalis,
accounting for eight isolates out of 26 samples (30.77%) (Table 4). This observation aligns with the typical
characteristics of C. tropicalis, which are known to cause vulvovaginal candidiasis (Habib et al., 2016). These
findings are consistent with recent literature indicating an increasing incidence of NAC species in vulvovaginitis
cases (Makanjuola et al., 2018; Mushi ez al., 2022). Such percentages may indicate their responsibilities (virulence
and pathogeny) for the occurrence of vulvovaginitis (Sardi ez al., 2013).
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Table 4: Results of the VITEK 2 System for identification of yeast-like fungi in cows

No. and percentage of the isolates

Species Percentage%
No.
Candida tropicalis 8 30.7
Candida krusei 5 19.2
Candida parapsilosis 2 7.6
Candida utilis 1 2.6
Candida pelliculosa 1 2.6
Candida albicans 1 2.6
Rhodotorula 2 52
Millerozyma farinose 6 15.6
Total 26 100
P-value 0.0266 *
* (P<0.05).

Molecular identification of NAC

The gel electrophoresis for the PCR products is shown in Figure 2, which illustrates the molecular identification of
various NAC species isolated from vulvovaginitis of cows in Baghdad City. The DNA fragments amplified by PCR
using primers targeting the ITS region showed product sizes of 525-618 bp, which were determined following
nucleotide sequencing performed for these PCR products. The resulting product sizes corresponded to species-
specific bands.

ss228;

B
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s¥553283

Figure 2: Gel electrophoresis of the PCR products using primers targeting the ITS region shows bands of 525-618
bp of NAC species isolated from cow vulvovaginitis. The upper gel (lanes 1, 5-11) represent C. tropicalis. Lanes
(12,13,16-18) correspond to C. krusei. Lane 19 corresponds to C. utilis. Lanes 33 and 35 correspond to C. parapsilosis.
Finally, lane 36 corresponds to C. pelliculosa

These findings observed for C. tropicalis, with a product length of 525 bp, align closely with previous research,
such as the work of Maikan et al. (2022) in Iraq, who reported a similar length. Also, Mirhendi et al. (2006) reported
approximately 524 bp for C. tropicalis. This consistency reinforces the reliability of this research methodology and
supports the accuracy of C. tropicalis identification in clinical settings. Similarly, the results for C. krusei and C.
parapsilosis, with product lengths of 509 bp and 523 bp, respectively, show strong agreement with existing
literature. Fujita ef al. (2001) using ITS1-ITS4 primer regions reported approximately 496—503bp for C. krusei and
about 511-521bp for C. parapsilosis. Mirhendi et al. (2006) reported approximately 510 bp for C. krusei and 520
bp for C. parapsilosis. These correlations across different studies underscore the robustness of PCR-based
identification for these species (Yang & Rothman, 2004).

The results demonstrate efficient molecular identification of various NAC species using PCR, with amplicon sizes
specific to each species. Key investigation findings were that ITS region identification result was 100% consistent
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with the Vitek2 results. This molecular approach is crucial for distinguishing between Candida species that may
present similarly in clinical infections but require different treatment approaches due to varying antifungal
susceptibilities (Garcia Salazar ef al., 2022; Ortiz et al., 2018).

Biofilm gene detection in NAC isolates

The gel electrophoresis results demonstrate the successful amplification of two key genes associated with biofilm
formation in various NAC species, these genes included ALS1 (319 bp) and HWP1 (503 bp) (Figure 3). This aligns
with Mohammed et a/. (2021). This duplex PCR approach effectively identified these genes across multiple Candida
species, including C. tropicalis (lanes 1-8) and C. parapsilosis (lane 17). The presence of both ALS1 and HWP1
genes in these isolates is significant, as these genes play crucial roles in biofilm formation and adherence to host
tissues (Roudbarmohammadi ef al., 2016; Mohammadi et al., 2021; Gerges et al., 2023).

1000
$90
500
300
100

Figure 3: Duplex PCR analysis of biofilm-related genes, including ALS1 (319 bp)
and HWP1 (503 bp) in NAC Species. M: DNA ladder (100-1000 pb) (Kapa/USA).
Lanes 1-8 are 1C. tropicalis, lane 17 is C. parapsilosis

The ALS1 (Agglutinin-Like Sequence 1) gene is part of the ALS gene family, which encodes cell-surface
glycoproteins involved in adhesion to host surfaces (Hoyer et al., 2008), while HWP1 (Hyphal Wall Protein 1) is
particularly important in developing hyphal and biofilm (Abastabar et al., 2016). The detection of these genes across
multiple NAC species isolated from vulvovaginitis cases in cows highlights the potential for cross-species
transmission and its importance in epidemiological studies. This finding aligns with previous research suggesting
that NAC species are becoming increasingly prevalent in vulvovaginitis cases and may possess enhanced virulence
factors contributing to antifungal resistance (Deorukhkar et al., 2014; Czechowicz et al., 2022).

The consistent presence of both ALS1 and HWP1 in these isolates suggests a possible correlation between biofilm
formation capability and antifungal resistance (Gerges et al., 2023). This relationship has been observed in other
research, where biofilm-forming Candida isolates often exhibit higher levels of antifungal resistance compared to
their planktonic counterparts (Silva et al., 2017; Ajetunmobi et al., 2023). Furthermore, the identification of these
genes in C. tropicalis (lanes 1-8), is particularly noteworthy, as this species is inherently more resistant to azole
antifungals and has been associated with recurrent infections, and this is compatible with what Rodrigues et al.
(2014) found in their research about C. glabrata. The presence of biofilm-related genes in C. tropicalis isolates may
contribute to its persistence and treatment challenges in vulvovaginitis cases (Boahen et al., 2022) caused by NAC.
The presence of ALS1 and HWP1 genes across multiple species underscores the importance of considering biofilm
formation as a virulence factor in these infections (Corbu et al., 2024).

Additionally, Figure 4 demonstrates the electrophoresis results of PCR amplification of the Multidrug Resistancel
(MDR1) gene in biofilm-producing C. tropicalis isolates. This gene encodes a membrane-bound efflux pump that
belongs to the major facilitator superfamily (MFS) (Jahanshiri ez al., 2023). This gene product was roughly 189 bp,
as shown in Figure 4. These results indicate a correlation between biofilm formation and multidrug resistance in C.
tropicalis isolates. The detection of this gene in C. tropicalis aligns with the study of Jahanshiri et al. (2023) that
associated biofilm formation with multidrug resistance in NAC species. Jahanshiri et al. (2023) found that biofilm-
producing C. tropicalis isolates exhibited enhanced expression of the MDR1 efflux pump gene, contributing to
resistance against azoles and other antifungal agents.
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Figure 4: Agarose gel electrophoresis shows bands of the PCR amplified
MDRI1 gene in C. tropicalis. The electrophoresis was conducted for 1.5%
agarose gel at 5 volt/cm2 for 1:30 hours. M: DNA ladder (100-1000 bp). The
expected bands of 189 bp are shown in lanes 3, 6, and 9

ITS region sequencing for some NAC isolates

The sequencing results of the ITS region in five isolates of NAC from vulvovaginal infection of cows provided
molecular evidence for the identification of several Candida species, emphasizing their genetic variability (Shirvani
& Fattahi, 2021). Each sequence comparison revealed a high identity (99-100%) with established GenBank
references, indicating reliable species-level identification Table 5.

Table 5: Summary of the molecular identification and nucleotide substitutions in NAC isolates based on the ITS region
sequencing

TS\Iir.np le :gé)sii(t)uftion Location zﬁ;;fg;ﬂ; Source ﬁ; mpared sequence Accession No.  Identities

1 Transvertion 236 A/T C. tropicalis LC317536.1 PQ288699,1  0.99

2 Transvertion 290 G/IC C krusei MT366877.1 PQ288702.1  0.99
(pichia kudriavzevii)

. C. utilis

3 Transvertion 398 T/A (Cyberlindnera jadinii) MT192797.1 PQ288700.1  0.99

4 Transition 336 A/G C. parapsilosis MT153735.1 PQ288703.1  0.99
C. pelliculosa

5 Transition 396 G/A (Wickerhamomyces KJ527050.1 PQ288701.1  0.99
anomalus)

The application of ITS region sequencing in the molecular identification of NAC species has proven to be a highly
reliable and precise approach, particularly in differentiating closely related species (Cornet et al., 2011). This study
highlights the genetic variability and species-specific nucleotide substitutions observed in various Candida isolates,
providing critical insights into their molecular profiles and clinical significance. The ITS region is widely
recognized for its interspecies variability and intraspecies conservation, making it an ideal target for fungal
identification (Qi et al., 2024). In this study, the sequencing results revealed high identity percentages (99-100%)
with established GenBank references for the most prominent isolates, confirming the robustness of ITS sequencing
in species-level identification. The observed nucleotide substitutions, including transitions and transversions,
emphasize the genetic variability within the ITS region that facilitates the differentiation of closely related Candida
species. These findings align with previous reports that underscore the ITS region's utility in resolving taxonomic
ambiguities among fungi (Nilsson et al., 2019).
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Conclusions

In conclusion, this study underscores the growing clinical significance of NAC species in vulvovaginitis, with C.
tropicalis emerging as the most prevalent pathogen. Molecular identification through ITS sequencing not only
confirmed species diversity but also revealed genetic variations contributing to antifungal resistance and biofilm
formation, highlighting potential therapeutic challenges. The detection of virulence and multidrug resistance genes
further emphasizes the pathogenic potential of NAC species. These findings call for the integration of molecular
diagnostics into routine clinical practice to enhance species-level identification and optimize treatment strategies.
Continued research into NAC resistance mechanisms and ecological dynamics is essential to mitigate their impact,
particularly in resource-constrained environments.
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