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Article info Abstract

Original: 04/05/2023 Vulvovaginal candidiasis (VVC) is the second most common vaginal infection among
ii‘ééﬁ‘ia%g%%%% women of reproductive age. It is an opportunistic mucosal infection. Candida species
Published online: causes VVC, which affects millions of women annually. The objective of this study was
20/12/2023 to isolate and identify the species of Candida from married women who had VVC

attending Shahid Doctor Khalid Hospital & Haji Qader Health Centre in Koya, Iraq

using traditional and molecular methods. This research was carried out, from December

\Ssmc\):gl;.nal 2021 to May 2022; 150 vaginal swabs from married patients with symptoms of VVC
candidiasis, Prevalence, were collected. Swabs were microscopically examined, grown on Sabouraud Dextrose
PCR, Candida species, Agar (SDA), and HiCrome™ Candida Differential agar and Germ Tube Test were used
Candida albicans. to identify Candida isolates. Next, the results were validated using the molecular method

called polymerase chain reaction (PCR) to amplify and detect the ITS region in this
study. The chitin synthase gene (CHS1) confirmed all C. albicans isolates. Out of the
150 vaginal swabs gathered, 84 (56%) cases were positive for vaginal candidiasis. Ages
26-30 were found to have the most significant proportion of positive patients, and
Women who were pregnant had a more positive culture than women who were not.
Identifying six different species of Candida was accomplished through the application of
both traditional and molecular techniques in the study; they are C. albicans (88.1%), C.
glabrata (4.8%), C. kefyr (2.4%), C. krusei (2.4%), C. parapsilosis (1.2%), and C.
tropicalis (1.2%). Finally, we concluded that VVVC was shown to be prevalent in Koya
city, with the predominant species as C. albicans among all other species.

Introduction

Vulvovaginal candidiasis (VVC) is the most common yeast infection affecting the genital area [1]. However,
VVC is characterized by Candida spp, signs and symptoms of inflammation and the absence of other
infectious causes [2,3]. Vaginal Candidiasis is an infection caused by overgrowth of Candida species as an
opportunistic pathogen affecting the genital tract [4]. The human body has multiple regions, including the
vagina, in which Candida species are considered a part of the normal microbiota [5]. After Bacterial
vaginosis (BV), the second most frequently occurring reason for vaginal infections [6]. Millions of women
visit gynecologic offices, clinics, and health centres yearly for vaginal and urinary tract issues. The majority
of these women complain of vulvovaginal candidiasis [7]. While the infection is not fatal, it causes high
morbidity, discomfort, and pain with a health care cost [8]. At least once in their lifetimes, vulvovaginal
candidiasis affects around 75% of women worldwide. Around 5 - 9% of women with VVC will experience
recurrent VVC (RVVC) when they have three or more symptoms within twelve months [9]. The probability
of being infected with Candida is <20% for people who are not pregnant, but it can go up to 30% during
pregnancy [10]. Pregnant women have an increased risk of vulvovaginal candidiasis (VVC) due to changes
in their immune system, elevated estrogen levels, and improved vaginal glycogen production mechanisms
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[11]. Pregnant women are more likely to experience recurrence of VVC, and their response to treatment is
reduced [12]. VVC's clinical signs and symptoms include vaginal discharge that resembles cottage cheese,
swelling, itching, discomfort, irritation, burning, dyspareunia and painful urination [13]. pregnancy,
contraceptives, diabetes mellitus, use of antibiotics, age, and some behavioural factors are risk factors for
VVC [2]. In 85-95% of VVC cases, C. albicans are responsible, while non-albicans Candida species cause
the infection in less than 10% of patients—especially C. glabrata, or C. parapsilosis, C. tropicalis, and C.
krusei [10]. The distribution of the various Candida species found in women with VVC varies significantly
depending on the populations and locations included in the studies [14]. Traditional methods to identify
Candida species involve performing microscopic examination, analyzing colonies' morphological features on
chromogenic candida agar and assessing germ tube production. Molecular techniques like Polymerase Chain
Reaction (PCR) are employed to study, which is considered the most accurate and sensitive method for
detecting Candida species [15]. Thus, this study aimed to isolate and identify Candida species from married
women who exhibit vaginal candidiasis. This was accomplished by utilizing both traditional and molecular
techniques.

Materials and methods

The Medical Microbiology Department's Research and Ethical Committee of the College of Science and
Health, Koya University, has approved the study. Consent to participate in the study was received from each
person who took part in the research.

Sample collection

This research was carried out at Shahid Doctor Khalid Hospital & Haji Qader health centre in Koya, Iraq,
from December 2021 to May 2022; 150 vaginal swabs from married patients with symptoms of VVC were
collected. The patients' ages were diverse, ranging between 17 to 52 years. Vaginal samples were collected
using sterile cotton swabs. From each patient, two vaginal swabs were taken. The swab stick was swiftly
returned to its casing. It was then labelled with the patient's name and, assigned a number, then taken to the
Koya University Science & Health Research Center (SHRC) laboratory.

Direct examination of samples

The first set of vaginal swab samples was mixed with 10% KOH and examined under the microscope for
Candida's presence. The existence of both hyphae and budding yeast cells enabled the candidiasis diagnosis
to be established [16].

Samples culturing and isolating Candida species

The second set of vaginal swab samples was placed on Sabouraud Dextrose agar (SDA) that contained 1%
chloramphenicol (CHLORWAVE, India) for cultivation [17]. Each agar plate was then put in an incubator
set at 37° C and examined for signs of growth every day for 7 days [18]. Gram stain was applied to the
colonies from the SDA plate to confirm Candida growth [19]. all isolated colonies were inoculated on
HiCrome™ Candida Differential agar (HiMedia, India) and incubated at 37° C for 48 hours [20].

Germ tube test

To verify the generation of germ tubes, the colonies on the SDA plate underwent a germ tube test. To
conduct a germ tube test, 3-4 colonies are mixed with 500 ul of human serum, incubated at a temperature of
37°C for 2-4 hours, and then looking for the formation of a germ tube under the microscope. Positive germ
tube tests confirmed C. albicans colonies [19].

Molecular identification of Candida isolates

Molecular techniques identified all isolation. Fresh subcultures of the isolates were used for DNA extraction
by the colony PCR, with slight modifications. Briefly, from the 24h culture, 2-3 colonies of each sample
were suspended in 50 uL of ddH20 and vortexed to make a homogenized suspension. Then place in the
thermocycler for 20minute at 95° C, followed by centrifugation for 2 min at 12,000 rpm. The DNA-
containing supernatant was collected and stored at -20 °C for subsequent steps of PCR [21]. The universal
primers, forward ITS1-F (5-TCCGTAGGTGAACCTGCG-3') and reverse ITS4-R (5
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TCCTCCGCTTATTGATATGC-3"), were utilized to amplify the intergenic spacer regions (ITS) of 5.8 S
ribosomal DNA (rDNA) [22]. A volume of 20 pl in total, PCR reactions contained 10 pl of Add Taq Master
(2x conc, Addbio, South Korea), 1 ul of each forward primer ITS1-F and 1 pl of reverse primers ITS4-R, the
primers were 10 pmol, and 2 ul of genomic DNA, adding 6 pl of nuclease-free water to complete the total
volume. The PCR was carried out using the BIO-RAD thermal cycler and was conducted as a single cycle of
initial denaturation performed at a temperature of 95 °C for 5 minutes. This is followed by 35 amplification
cycles, consisting of denaturation at 95 °C for 30 seconds, annealing at 57 °C for 30 seconds, and extension
at 72° C for 40 sec. The procedure was finished with a final extension step that was carried out at 72° C for 5
min.

Confirmation of the Candida albicans by detection of CHS1 gene

For further validation, all the amplicons previously amplified using ITS primers and were 532 bp in size
were re-analyzed using a different set of primers CHS1. The chitin synthase gene (CHS1) from C. albicans,
122bp in size, can be amplified by conventional PCR [21]. The colony PCR was carried out with the same
procedure previously mentioned using forward CHS1-F (5'- CGCCTCTGATGGTGATGAT-3') and reverse
CHS1-R (5'-TCCGGTATCACCTGGCTC-3") primers [23]. The PCR program was as follows: The PCR
process began with an initial denaturation step at 95° C for 5 min, followed by 40 cycles of denaturation at
95°C for 30 sec, annealing at 52° C for 30 sec, and extension at 72° C for 30 sec. The PCR was completed
with a final extension step at 72° C for 7 min.

Agarose gel electrophoresis

Following PCR amplification, agarose gel electrophoresis was used to verify the existence of amplification.
Run 1% agarose gel with ethidium bromide (EtBr) and a 100 bp DNA ladder (Genedirex) in 1X TBE buffer
at 80 V for 80 min. After the run, the DNA molecules were visualized and photographed using a UV Gel
Imager SynGene 14009.

Sequencing

Sequencing was performed on 20 samples that were amplified using ITS1-F forward primers (10 pmol)
(Sanger sequencing/ ABI 3500, Macrogen Genome Center, Republic of Korea). After DNA extraction, PCR
was done on 20 samples. A volume of 40 microliters in total, PCR reactions contained 20 ul of Add Taq
Master (2x conc, Addbio, South Korea), 2 ul of each forward primer ITS1-F and 2 ul of reverse primers
ITS4-R, the primers were 10 pmol and 4 pl of genomic DNA, adding 12 pl of nuclease-free water to
complete the total volume. The PCR was carried out using the BIO-RAD thermal cycler and was conducted
as a single cycle of initial denaturation performed at a temperature of 95° C for 5 min. This is followed by 35
cycles of amplification, consisting of denaturation at 95° C for 30 sec, annealing at 57° C for 30 sec, and
extension at 72° C for 40 sec; the procedure was finished with a final extension step that was carried out at
72° C for 5 min. The samples run on gel electrophoresis to verify the existence of amplification. After that,
20 pl of the PCR product with 15ul of ITS1-F forward primers (10 pmol) were send for sequencing.
Statistical analysis

The data was analyzed using the SPSS software (version 26).

Results

Microscopic Characterization

The results indicated that yeast cells, with or without pseudohyphae, were present in 55 out of 150 specimens
(36.7%), whereas 95 samples (63.3%) did not show any yeast cells (Table 1).

Macroscopic Characterization on Sabouraud Dextrose Agar Medium

One hundred fifty swab samples were subjected to a 7-days culture on SDA. Of the 150 swab samples, 84
(56%) showed positive culture. In comparison, 66 samples (44%) showed negative results (Table 2). The
colonies that were isolated were examined for the morphological features: The isolated colonies were
examined for their size, ranging from small to large. At the same time, their color varied from white to
creamy. The colonies displayed a round or curved shape; their texture ranged from smooth and soft to
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wrinkled. Additionally, the characteristic odor of yeast was detected. To confirm the candida samples using
gram stain to identify the morphology of different spp. Of Candida (Figure 1).

The positive cases of candidiasis among the age group (26 -30 years) were represented by 27.4%, and among
the age group (36-40 years) was represented by 19%. In comparison, the age group of patients (51 years and
older) was the lowest percentage, 1.2% (Table 3).

The positive Candida cultures were recorded in pregnant women 22 out of 33(66.7%) than in non-pregnant
women 62 out of 117 (53%) (Table 4).

Macroscopic Characterization on CHROM agar media

The chromogenic medium can differentiate Candida albicans from non-albicans species through color
changes. The positive species obtained from SDA were subjected to subculturing on Chromogenic Candida
agar; after incubation for 48 hours, the colonies on CHROM agar exhibited a distinct color. Candida species
Color on HiCrome agar appeared as follows: Candida albicans (light green), Candida glabrata (cream to
white), Candida kefyr (cream to white with a slight purple centre), Candida krusei (purple, fuzzy), Candida
parapsilosis (white to cream), Candida tropicalis (blue) (Figure 1 and Table 5).

Germ tube test

This test was applied to 84 Candida isolates. The germ tubes appeared in 74 out of 84 (88.1%), while the
remaining 10 isolates (11.9%) were negative for germ tubes.

Molecular identification of Candida isolates

The positive cultures were verified through PCR by targeting the ITS region. Agarose gel electrophoresis
was employed to analyze all the PCR products, as shown in (Figure 3, Table 5): Six different species of
Candida were detected among all the isolates; the identified Candida species among all isolates were: C.
albicans (88.1%), C. glabrata (4.8%), C. kefyr (2.4%), C. krusei (2.4%), C. parapsilosis (1.2%), and C.
tropicalis (1.2%). Twenty isolates were sequenced and analyzed using BLAST to determine the species with
the closest match, as shown in (Table 6).

Confirmation of the Candida albicans by detection of CHS1 gene

The confirmation of all C. albicans isolates was conducted via polymerase chain reaction (PCR) targeting
the chitin synthase gene (CHS1); the fragment size was 122 bp (Figure 4).

Table 1: Results of samples treated with KOH.

Frequency Percent (%0)
Negative 95 63.3%
Samples
Positive 55 36.7 %
Total 150 100.0 %
Table 2: Results of cultures on SDA.

Frequency Percent (%0)

Negative 66 44.0 %

Samples Positive 84 56.0 %

Total 150 100.0 %
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Table 3: The occurrence of vulvovaginal candidiasis in different age categories.

Result
Negative  Positive Total
17-20 Count 4 8 12
Age Group % within Result  6.1% 9.5% 8.0%
(Years) 21-25 Count 9 15 24
% within Result  13.6% 17.9% 16.0%
26-30 Count 6 23 29
% within Result  9.1% 27.4% 19.3%
31-35 Count 13 8 21
% within Result  19.7% 9.5% 14.0%
36-40 Count 16 16 32
% within Result  24.2% 19.0% 21.3%
41-45 Count 7 8 15
% within Result  10.6% 9.5% 10.0%
46-50 Count 8 5 13
% within Result  12.1% 6.0% 8.7%
51 and above Count 3 1 4
% within Result  4.5% 1.2% 2.7%
Total Count 66 84 150
% within Result ~ 100.0% 100.0% 100.0%

Table 4: Compares the percentage of isolated Candida among pregnant and non-pregnant women.

Result

Samples % Negative  Positive Total

Non-Pregnant Count 55 62 117
within pregnant 47 53.0 100.0%

Pregnant Count 11 22 33

within pregnant 33.3 66.7 100.0%

Total Count 66 84 150
within pregnant 44 56 100.0%
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Figure 1: Candida albican appearance treated with gram stain by light microscope under (100X).
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Figure 2: The diverse Candida species exhibit distinct colony colors and morphologies when cultured on HiCrome™
Candida Differential Agar, A/ C. albicans, B/ C. glabrata, C/ C. kefyr, D/ C. krusei, E/ C. parapsilosis, F/ C.
tropicalis.

298



JZS-A Volume 25, Issue 2, December 2023

Table 5: Properties and distribution of Candida species that were separated and identified.

Candida Isolates % Color of the colony on CHROM PCR with ITS1-1TS4
Species Number agar primer found the size
of the fragment (bp)
C. albican 74 88.1 light green 532
C. glabrata 4 4.8 cream to white 874
C. kyfer 2 2.4 cream to white with a slight purple 722
centre
C. krusei 2 2.4 purple, fuzzy 500
C. parapsilosis 1 1.2 white to cream 516
C. tropicals 1 1.2 blue 521
Total 84 100.0

Ladder NC

1000

i

Figure 3: The agarose gel electrophoresis technique was used to visualize the ITS-PCR products of Candida isolates,
which showed distinct bands. Lane 1: Ladder 100 bp (Genedirex), Lane 2: negative control (NC), Lane 3: C. krusei (35),
Lane 4: C. parapsilosis (34), Lane 5: C. tropicalis (53), Lane 6: C. albicans (134), Lane 7: C. kefyr (126), Lane 8: C.
glabrata (83).

Ladder
| —
[—
]
——1
ey
- ———
Rl

Figure 4: The identification of C. albicans, CHS1 primers were used, which produced a 122bp band. Lane 1: Ladder
100 bp (Genedirex), Lane 2: negative control (NC), Lane 3-8: C. albicans.
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Table 6: Identification of Candida species isolated from married women using rDNA sequencing and matching the
obtained sequences with the NCBI GenBank database.

Number of BLAST accession number Most closely related in Genbank
isolates
C-8 MN263159 C. albicans
C-14 Ow988313 C. albicans
C-25 KY575037 C. albicans
C-34 AB109234 C. parapsilosis
C-35 MN310535 Pichia kudriavzevii (Candida krusei)
C-51 KY112740 C. albicans
C-53 KX664616 C. tropicalis
C-62 KP674930 C. albicans
C-83 MK?300696 C. glabrata
C-90 KM921928 Kluyveromyces marxianus
C-94 OM049825 C. glabrata
C-98 MF351876 C. albicans
C-106 ONB875339 C. glabrata
C-109 MF276787 C. albicans
C-115 KP674762 Pichia kudriavzevii (Candida krusei)
C-116 OM523868 C. glabrata
C-126 OW985263 Kluyveromyces marxianus
C-134 KP675591 C. albicans
C-141 MH534916 C. albicans
C-147 KP675546 C. albicans
Discussion

The Candida species is responsible for various diseases, including vulvovaginitis [12]. The overgrowth of
yeasts in the vaginal mucosa is the leading cause of VVC, A health issue that impacts millions of women
around the globe [24].

In the current research, based on the vaginal swab culture, 56% (84/150) instances of VVC were found, and
these findings are similar to those reported by Hussein et al. [25], which were 56.8%. Our study observed a
prevalence rate that was greater than the rate reported by Babin et al. [26] (48.4%) and an analysis done by
Ugwa [27], who found a prevalence rate of 84.5% in the North-West region of Nigeria.

Considering age, the age range where a positive VVC was most likely to occur was between 26 to 30 years
23 (27.4%), followed by the 3640 age group 16 (19%). This report agreed with Al-Aali [28], which showed
that the peak age for vaginal infections was between 20 and 40. One possible explanation for this could be
increased sexual activity, inadequate personal hygiene practices, contraceptive usage, and drug abuse among
this age group. As a result, Women of reproductive age are more prone to developing vaginal candidiasis.
Pregnant and non-pregnant women both showed the following. Among pregnant women, it was revealed that
the prevalence of VVC was 66.7%, while non-pregnant women had a majority (53%). This result is higher
than the result reported in the study of Toua et al. [29]. The findings of the study showed that the prevalence
of VVC was among pregnant women (55.4%) than among non-pregnant women (35.4%). The higher rate of
positive cases reported by Hynniewta et al. [30] was 77.27% among pregnant women. Literature has
identified various physiological changes during pregnancy that may Elevate the risk of VVC in pregnant
women. Factors contributing to this condition include immune system suppression, elevated levels of
reproductive hormones, glycogen accumulation, low vaginal pH, and reduced cell-mediated immunity [31].
In the present study, the culture method and molecular methods were used for identifying Candida spp. Our
analysis detected different species of Candida, among which C. albicans was the most commonly found
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(88.1%) and non-albicans Candida (NAC) (11.9 %) of cases. The result is similar to Abdullah's [32]. The
highest Candida species found were C. albicans (86.6%) and non-albicans Candida (NAC)(13.4%) of cases.
In a study by Mohammed et al. [33], the most common non-albicans species found in the survey was C.
glabrata, according to the results, with a prevalence of 40%, followed by C. albicans (30%). A possible
explanation for this could be the development of resistance to antifungal drugs in Candida species and the
weakened immune system that makes individuals more vulnerable to infection. Another potential factor
could be changes in hormone levels [34].

A traditional technique to identify Candida species involves culturing the sample on chromogenic agar. As
the conventional method relies on culturing the Candida species, it cannot differentiate between non-albicans
Candida species. Conversely, The ITS sequencing technique can differentiate between Candida species,
including C. albicans and non-albicans. Twenty strains were sequenced and then analyzed using BLAST to
determine the species with the closest match.

Conclusions

The findings of this study indicated a significant prevalence of VVC (56%) among married women. The
study found that VVVC was more common among women aged 26-30 years and had a higher frequency in
pregnant women; among different Candida species, the most significant proportion of the isolated strains
(88.1%) were identified as C. albicans, making it the most commonly occurring species. Utilizing the ITS
sequencing method for molecular identification proved more effective in determining and verifying the
precise Candida species.

Recommendations

Molecular identification of Candida spp. Isolate from different samples taken in different seasons.
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