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Abstract

Background: Vulvovaginal candidiasis (VVC) is a common infection, affecting up to 75% of women at least once during their life-
time. In addition, approximately 5% of patients may experience recurrent VVC. Candida albicans is the most common causative agent
of VVC. Overall, precise identification of the causative agents of VVC is necessary for effective treatment.
Objectives: The purpose of this study was to identify the molecular characteristics and antifungal susceptibility of Candida species,
isolated from women with VVC in cities of Shoush, Dezful, and Andimeshk, Khuzestan Province, Iran.
Methods: In this descriptive cross sectional study, vaginal samples were collected from 173 women with VVC, referred to gynecolo-
gists. The samples were cultured on Sabouraud dextrose agar, containing chloramphenicol. The ITS1-ITS4 region was amplified via
polymerase chain reaction (PCR) assay and digested by MspI restriction enzyme. Antifungal susceptibility test was performed for 4
antifungal drugs (fluconazole, nystatin, itraconazole, and clotrimazole) via disk diffusion method.
Results: Out of 173 patients, 95 (54.9%) showed VVC and 26 (27.4%) had recurrent VVC. The most common Candida species were C.
albicans (70.5%), C. glabrata (20%), C. tropicalis (7.4%), and C. parapsilosis (2.1%), respectively. The antifungal susceptibility test showed
resistance to fluconazole in 1 C. tropicalis, 2 C. albicans, and 3 C. glabrata isolates, while resistance to clotrimazole was detected in 1 C.
albicans and 1 C. glabrata isolate.
Conclusions: According to the results of this study, approximately 30% of VVC infections were caused by non-C. albicans species,
which should be considered by gynecologists due to their azole resistance.
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1. Background

One of the most common infectious diseases of female
reproductive organs is vulvovaginal candidiasis (VVC) (1).
During reproductive years, almost 75% of women have at
least 1 episode of VVC, while 5% experience recurrent VVC
(RVVC), which is defined as 4 or more episodes of symp-
tomatic VVC over 12 months (2). The signs and symptoms of
VVC include itching, thick white discharge, burning sensa-
tion, painful intercourse, and vaginal erythema. Although
itching and burning sensation are the characteristic symp-
toms of VVC, they are not adequate to differentiate recur-
rent diseases from acute ones or determine the appropri-
ate treatment protocol (3).

Candida albicans is the predominant species in VVC
(1). Other Candida species, which cause VVC, include C.
glabrata, C. tropicalis, and C. krusei. The prevalence of these
infections is on the rise probably due to the widespread
use of antibacterials and azole antifungal drugs (4-9). In

general, there are effective drugs for the treatment of VVC.
However, drug resistance in Candida species is increasing,
and determining the antifungal susceptibility patterns to
detect resistant strains and effective treatments is neces-
sary (10-13). Moreover, identification of non-C. albicans
species, such as C. glabrata and C. krusei, is important in the
treatment of diseases, considering their higher resistance
to fluconazole (14).

For identification of Candida species, microscopic
methods, culture studies, as well as fermentation and as-
similation of sugar content, can be applied. However, tra-
ditional methods are sometimes time-consuming and in-
efficient to identify the involved species (15, 16). Nucleic
acid-based methods have several advantages over conven-
tional ones, including higher speed, sensitivity, and accu-
racy; these methods can also identify genera and species in
a few hours. On the other hand, the disadvantage of these
methods is their high cost, compared with other identifi-
cation methods (17). Polymerase chain reaction-restriction
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fragment length polymorphism (PCR-RFLP) method is one
of the molecular techniques, used for the identification of
Candida species (18).

2. Objectives

The aim of this study was to identify the molecular
characteristics and antifungal susceptibility of Candida
species, isolated from women with VVC in Northern cities
of Khuzestan province (Shoush, Andimeshk, and Dezful),
Iran.

3. Methods

3.1. Ethics Statement

All patients completed the written informed consent
forms, and the study was approved by the deputy of re-
search and ethics committee of Arak University of Medical
Sciences (IR.ARAKMU.REC.1395.42).

3.2. Sample Collection

A total of 173 women with suspected VVC, referred
to gynecology and obstetrics clinics in Northern cities
of Khuzestan province (Shoush, Andimeshk, and Dezful),
were included in this study.

After studying symptoms such as burning sensation,
itching, pain, and cheese-like discharge via physical exami-
nation and recording the information in the questionnaire
form, samples were collected from vaginal discharge, vagi-
nal posterior fornix, and sides of the vaginal wall, using 2
sterile cotton swabs.

Based on the data, the subjects were within the age
range of 14 - 63 years, and the majority of affected patients
were in the age group of 21 - 30 years. The clinical symp-
toms in this study included itching, discharge, and urinary
disorders, respectively. The majority of women with VVC
were housewives. The most frequent underlying factor for
VVC was a history of antibiotic use, followed by pregnancy,
diabetes, and use of oral contraceptives.

3.3. Mycological Examinations

Using one of the swabs, a section of the specimen was
placed on a microscope slide. Then, 20% potassium hy-
droxide (KOH) was added and examined under a light mi-
croscope for yeast cells and pseudomycelium. The other
swab was inoculated on Sabouraud dextrose agar (Merck,
Germany), containing chloramphenicol, and incubated
for 48 - 72 hours at 28 - 30°C. Colonies growing first were
used for microscopy via methylene blue staining. Then,
they were subcultured on CHROMagarTM Candida medium
(CHROMagar, France) and incubated at 35°C for 48 hours.

Differentiation of Candida species from other clinically im-
portant yeast species was performed according to different
colors produced by Candida colonies in the chromogenic
medium, based on the manufacturer’s protocol.

3.4. Molecular Identification

3.4.1. DNA Extraction

Fungal genomic DNA was extracted from each isolate
colony, according to a previously described method (19).
Briefly, about 5 mm3 of cultured yeast cells was transferred
to a 1.5 mL microcentrifuge tube, and 300-mg glass beads
(0.5 mm diameter), 300µL of lysis buffer (200 mM tris-Hcl,
pH: 8; 25 mM EDTA; 250 mM NaCl; and 0.5% sodium dodecyl
sulfate), and 300µL of phenol chloroform-isoamyl alcohol
were added.

The samples were shaken vigorously for 5 minutes and
centrifuged for 5 minutes at 10 000 rpm. The supernatant
was then transferred to a fresh tube and extracted again
with chloroform. Then, the same volume of isopropanol
and 3 M sodium acetate (volume, 0.1; pH, 5.2) were added.
The solution was then vortexed, incubated for 10 minutes
at -20°C, and centrifuged for 15 minutes at 12 000 rpm. The
precipitants were washed with ice-cold 70% ethanol, dried
in air, dissolved in 50 µL of distilled water, and stored at -
20°C.

3.4.2. PCR-RFLP Analysis

All clinical isolates were assessed using PCR-RFLP as-
say, as described in the literature (20). Briefly, the inter-
nal transcribed spacer (ITS) rDNA region was amplified
using universal primers, ITS1 (5’-TCCGTAGGTGAACCTGCGG-
3’) and ITS4 (5’-TCCTCCGCTTATTGATATGC-3’) (21). The am-
plified products were digested with MSPI (FastDigest, Fer-
mentas life sciences, Lithuania) at 37°C for 10 minutes
(22). The PCR amplicons and digested products were re-
spectively electrophoresed on 1% and 2% agarose gel in
tris/borate/EDTA (TBE) buffer and stained with ethidium
bromide (0.5 µg/mL). For identification of the isolates,
RFLP patterns were compared with the standard profiles.

3.5. In Vitro Antifungal Susceptibility Testing

Antifungal susceptibility to antifungal disks (Li-
ofilchem, Italy), including fluconazole (25 µg), nystatin
(100 IU), itraconazole (50 µg), and clotrimazole (50
µg), was analyzed for Candida isolates using disk diffu-
sion method, according to the clinical and laboratory
standards institute (CLSI) guidelines (23). Briefly, Mueller-
Hinton Agar (Merck, Germany) was prepared with 2%
glucose and 0.5 µg/mL of methylene blue.

After adjusting the turbidity of the inoculum suspen-
sion of yeast cells to 0.5 McFarland standard, a sterile cot-
ton swab was dipped into the adjusted suspension, rotated
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several times, and inoculated on the agar plate. Antifungal
disks were placed on the agar surface after 5 to 15 minutes.
Then, the plates were incubated for 24 hours at 35°C. Af-
ter incubation, the zone diameters surrounding the disks
were measured. Susceptibility to the tested drugs, which
was categorized as susceptible (S), intermediate suscepti-
ble (I), and resistant (R), was in accordance with the manu-
facturer’s guidelines.

4. Results

In a total of 173 women with VVC, 95 (54.9%) were pos-
itive on direct examination. All these patients were posi-
tive for Candida growth in culture and were infected with 1
Candida species. Among patients with VVC in this study, 33
(34.7%) had 1 episode of vaginal infection, 26 (27.4%) had ex-
perienced several episodes of infection, and 36 (37.9%) had
no record of infection (Table 1).

The PCR assay with universal primers, ITS1 and ITS4, was
performed, presenting different sizes of products (510 - 871
bp), as expected, depending on the Candida species (Figure
1). The obtained RFLP pattern for each isolate is shown in
Figure 1. The prevalence of different Candida species with
RFLP is as follows: C. albicans (70.5%), C. glabrata (20%), C.
tropicalis (7.4%), and C. parapsilosis (2.1%) (Table 1).

In antifungal susceptibility testing, among 95 detected
Candida species, 6 were resistant to fluconazole, (2 C. albi-
cans, 3 C. glabrata, and 1 C. tropicalis isolate). In addition,
clotrimazole resistance was observed in 2 patients (1 C. al-
bicans and 1 C. glabrata isolate). Generally, 8 cases of drug
resistance were reported in this study (Table 2); all drug-
resistant strains were isolated from women with RVVC.

5. Discussion

In the present study, 54.9% of the patients showed VVC.
The infection was more prevalent in the age group of 20 -
40 years, which is in agreement with the majority of pre-
vious studies performed in Iran (24-28). Vulvovaginal can-
didiasis is more prevalent in this age group probably due
to the excessive use of contraceptive methods, such as in-
trauterine devices and oral contraceptive pills. In agree-
ment with previous studies in Iran and other countries (2,
24, 25, 29-31), C. albicans was the most common pathogen
isolated from VVC patients in the present study. However,
in a study by Mohanty et al. (32), C. glabrata was the main
species isolated from VVC patients. The present finding
could be related to the greater ability of C. albicans in adhe-
sion to the vaginal mucosa. Candida glabrata was the sec-
ond most common species in the present study, which is
consistent with the findings of some reports from Iran and
other countries (24, 27, 28, 33-35).

Moreover, other non-C. albicans species, including C.
tropicalis (7.4%) and C. parapsilosis (2.1%), were detected in
the present study. Due to the excessive use of azole drugs
and poor response of some non-C. albicans species (es-
pecially C. glabrata) to these drugs (eg, fluconazole), the
prevalence of non-C. albicans species has increased in VVC
patients (35). Moreover, in line with previous reports from
Iran and different countries (2, 24, 25, 28, 36, 37), mixed Can-
dida species were not isolated in the present study.

In the current research, 29.5% of Candida isolates were
non-C. albicans species, while in a study by Mahmoudabadi
et al. (38) in Ahvaz, Iran, the prevalence of pathogenic
species was only 6%. Similar to our study, Roudbari et al.
(36) identified C. albicans, C. glabrata, C. tropicalis, and C.
parapsilosis isolates in VVC patients. Additionally, in the
present study, according to the clinical examinations by
gynecologists and previous experimental findings, 27.3%
of the patients were affected by RVVC. In agreement with
the present study, Richter et al. (35) evaluated 593 vagi-
nal Candida isolates and found C. albicans and C. glabrata
to be the most common species in RVVC patients. The
high frequency of C. albicans isolates from RVVC patients
could be attributed to the importance of host factors ver-
sus pathogenic factors (26).

In the present study, the antifungal susceptibility re-
sults showed that all Candida species were susceptible to
nystatin and itraconazole, while 97.9% and 93.7% were sus-
ceptible to clotrimazole and fluconazole, respectively. In
the current study, the highest frequency of resistance to
azole drugs (fluconazole and clotrimazole) was observed
in C. glabrata (4.2%), followed by C. albicans (3.1%) and C. trop-
icalis (1%). Consistent with other previous studies (27, 35), C.
glabrata isolates were the most resistant to fluconazole. In
a study performed in Ahvaz (38), none of Candida isolates
were resistant to clotrimazole, while in our study, clotrima-
zole resistance was observed in C. albicans and C. glabrata
isolates.

In contrast to some studies in different countries (39-
42), 2.1% of C. albicans isolates were resistant to flucona-
zole in the present research. Similar to studies by Fan et
al. (2) and Richard et al. (35), high susceptibility of Candida
isolates was reported in the current study, which could be
related to the widespread use of azoles in VVC patients in
this region of Iran. As our findings showed, all resistant
species to azoles were isolated from RVVC patients. Since
these species were susceptible to nystatin, this drug could
be an option in the treatment of RVVC patients.

5.1. Conclusion

In conclusion, C. albicans is still the most common Can-
dida species, isolated from VVC patients. Since the majority
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Table 1. Distribution of Patients with Vulvovaginal Candidiasis (VVC) and Recurrent VVC (RVVC) Based on the Isolated Candida Species

Species Number of Patients with VVC (%) Number of Patients with RVVC (%) Total (%)

C. albicans 48 (50.5) 19 (20) 67 (70.5)

C. glabrata 14 (15.8) 5 (4.2) 19 (20)

C. tropicalis 5 (4.2) 2 (9.5) 7 (7.4)

C. parapsilosis 2 (2.1) - 2 (2.1)

Total (%) 69 (72.7) 26 (27.3) 95 (100)

Figure 1. Representation of PCR-RFLP Assay on Candida Isolates

A) PCR products before the digestion step, B) profiles of ITS-RFLP products after digestion using MSPI enzyme (lane 1, C. albicans; lane 2, C. glabrata; lane 3, C. tropicalis; lane 4, C.
parapsilosis; lane 5, negative control; lane M, DNA size marker)

Table 2. Antifungal Drug Resistance of Candida Isolates in the Present Study

Species C. albicans C. glabrata C. tropicalis C. parapsilosis

Fluconazole 2 3 1 0

Clotrimazole 1 1 0 0

Nystatin 0 0 0 0

Itraconazole 0 0 0 0

of resistant isolates to azoles are non-C. albicans species, gy-
necologists are recommended to use a suitable drug, such
as nystatin, for the treatment of RVVC.
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