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Abstract

Background: Vulvovaginal candidiasis (VVC) is a significant health issue due to Candida spp. Although Candida albicans is consid-
ered a major causative agent of vaginal candidiasis, non-albicans species have increased during previous decades.
Objectives: This research aimed at molecular identification and assessing antifungal susceptibility of VVC isolated Candida spp.
Methods: A professional physician examined two hundred and ninety-five suspected females with vaginitis. The specimens were
collected by sterile cotton swabs. Swabs were inoculated on Sabouraud dextrose agar plates and then incubated for 48 - 72 hours
at 35°C. Polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) was used to detect all Candida species.
Broth microdilution, according to the M27-A3 and M27-S4 CLSI documents, were employed for determining the antifungal suscepti-
bility tests of caspofungin (CAS), voriconazole (VRC), itraconazole (ITC), fluconazole (FLU), clotrimazole (CLO), ketoconazole (KTO),
amphotericin B (AMB), and nystatin (NYS).
Results: A total of 295 females suspected of vulvovaginal candidiasis were examined. The culture results were positive in 50.5% (149
of 295) of specimens. According to molecular identification techniques, C. albicans 133/149 (89.2%), C. glabrata 8/149 (5.4%), and C.
kefyr 2/149 (1.4%) were the main species. A mixed infection of C. albicans and C. glabrata 6/149 (4 %) was detected. The geometric mean
values to all Candida strains were in increasing order as the following: CAS, 0.075 µg/mL; VRC, 0.091 µg/mL; ITC, 0.15 µg/mL; AMB,
0.22 µg/mL; CLO, 0.23 µg/mL; KTO, 0.28 µg/mL; NYS, 0.88 µg/mL; FLU, 1.48 µg/mL. Further, the MIC ranges of all Candida isolates to
the tested antifungal agents were in increasing order as follows: CAS: 0.031 - 0.25 µg/mL, KTO and ITC: 0.031 - 2 µg/mL, VRC: 0.031 - 4
µg/mL, CLO and AMB: 0.031 - 8 µg/mL, NYS: 0.06 - 4 µg/mL, and FLU: 0.12 - 128 µg/mL.
Conclusions: We reported 1 (7.2 %) C. glabrata isolate resistance to FLU and 2 (14.3%) C. glabrata isolates susceptible-dose-dependent
(SDD) to CAS. We also reported 6 (4.5%), 5 (3.8%), and 2 (1.5%) C. albicans resistance to ITC, FLU, and AMB, respectively, but 100% C.
albicans susceptible to CAS and VRC.
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1. Background

Vaginitis is a common problem in gynecological dis-
eases (1). About 90% of vaginal infections are caused by
Candida species, Trichomonas, and bacteria. After bacte-
rial vaginosis, the second most prevalent cause of vagi-
nal infection is Candida vaginitis, in which about 75% of
healthy female adults are infected at least once through-
out their reproductive life (2). Predisposing factors of the

vulvovaginal candidiasis (VVC) consist of pregnancy, un-
controlled diabetes mellitus, antimicrobial therapy, the
use of anti-estrogen pills, contraceptives, the use of corti-
costeroids, organ transplantation, cancer chemotherapy,
tight clothing, higher sexual activity, and vaginal douch-
ing (3, 4). Generally, Candida albicans (85% - 95%) is the pop-
ular causative agent of VVC across the world (5-7). Other
species that cause infections, including C. tropicalis, C.
glabrata, C. krusei, C. parapsilosis, C. kefyr, and C. lusitaniae,
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have also been announced (8, 9).
For a long time, phenotypic methods, have made the

backbone of Candida spp taxonomy and identification (10).
Owing to the reliance of such methods on the variable
expression of phenotypic features, morphological meth-
ods may often be indistinct and insufficient for differenti-
ation and, therefore, not reliable for species identification,
uncommon and new species in particular (10). Further-
more, identification of Candida strains that cause VVC is vi-
tal to determine the susceptibility to antifungal drugs in
the clinical form of recurrent VVC (11). In order to identify
these fungi accurately, the focus has shifted toward molec-
ular strategies, which are more precise and less susceptible
to variations because of development conditions as well as
phenotypic switching.

Several studies confirm polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP) as-
says as simple, inexpensive, rapid, and highly valuable in-
struments to be applied to discriminate among Candida
species (10, 11). The lack of definitive diagnosis by the physi-
cians and excessive administration of antifungal drugs in-
crease the drug-resistant strains (12). Occasionally, the Can-
dida vaginitis relapses due to the long-term administra-
tion of common antifungal medications (13). Therefore, it
seems essential to know about the drug resistance pattern
of Candida species isolated from VVC for appropriate treat-
ment (14).

2. Objectives

Given the reduction and the possible differences in
drug susceptibility in Candida isolates from patients with
VVC, the current research aims to identify Candida species
and investigate in vitro activities of voriconazole (VRC), flu-
conazole (FLU), nystatin (NYS), caspofungin (CAS), clotri-
mazole (CLO), itraconazole (ITC), ketoconazole (KTO), and
amphotericin B (AMB) against Candida strains ( isolated
from VVC patients).

3. Methods

3.1. Collection, Isolation, and Phenotypic Identification

This descriptive research was performed one year (2018
- 2019) on vaginal specimens of patients suspected of VVC
referring to gynecology clinics and (obstetrics) private
midwifery in Jahrom, a city in the South of Iran. The speci-
mens were collected by sterile cotton swabs from the pos-
terior vaginal and cultured on Sabouraud dextrose agar
(SDA, Merck, Germany) plates, accompanied by 50 mg/L
chloramphenicol, and incubated for 48 - 72 hours at 35°C.

All yeasts were plated on the CHROMagar Candida medium,
(CHROMagarTM, RambachTM, AquaCHROMTM) for 48 h at
37°C.

3.2. Molecular Identification

The glass-bead phenol-chloroform technique was used
to extract genomic DNA from the colonies, as earlier de-
fined (10, 15). Concisely, a portion of a colony was scraped
off and added to a 1.5 mL tube having 300 µL of lysis buffer
(pH = 7.5, 100 mM Tris-HCl, 10 mM EDTA, 100 mM NaCl, 0.5%
w/v SDS,), 300µL glass beads (0.5 mm in diameter), and 300
µL phenol-chloroform (1:1), then vortexed for about 5 min
followed by centrifuging (5 min/5,000 rpm). The super-
natant was transmitted into another tube and extracted
again by chloroform. The DNA precipitation was done by
the equal volume of 2-Propanol and 3 M sodium acetate
(pH = 5.2; 0.1), then stored for 20 min at -20°C and cen-
trifuged (10 min, 10,000 rpm). With 300µL of 70% ethanol,
the pellet was washed and air-dried; as a final point, in 50
µL distilled water, the DNA was re-suspended.

ITS rDNA regions were amplified using 1µM of the fun-
gal universal primers ITS1 (5’-TCC GTA GGT GAA CCT GCG
G-3’) and ITS4 (5’-TCC TCC GCT TAT TGA TAT GC-3’) (16), 12.5
µL of 2× premix (Amplicon, Denmark), DNA template (4
µL), and adequate water for producing the 25 µL reaction
mixture volume. The following PCR cycle parameters were
used: preheating (5 min/94°C), 35 cycles of 30 s at 94°C,
30 s at 58°C, and 1 min at 72°C, and the final extension (7
min/72°C). We used 1.5% agarose gel electrophoresis for PCR
products and via staining using ethidium bromide (0.5
µg/mL), followed by visualization and photography under
UV light.

3.3. Polymerase Chain Reaction-Restriction Fragment Length
Polymorphism

The Mirhendi et al. (17) technique was used to perform
PCR-RFLP. Digestion of PCR products was done in a total 15
µL reaction volume having PCR product (6 µL), 1.5 µL of a
relevant buffer, 0.5 U of restriction enzyme MspI (Fermen-
tas, Vilnius, Lithuania), and 7 µL of deionized distilled wa-
ter for two hours at 37°C to reach accurate strain discrim-
inatory patterns. Agarose gel electrophoresis was used
to analyze digested products in TBE buffer (Tris 0.09 M,
Boric acid 0.09 M, EDTA 2 mM,) with ethidium bromide (0.5
µg/mL), through 1 h at 100 V applying 2% agarose gel. We
compared the digested fragment size and reference band
profiles to identify species (17).
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3.4. In-Vitro Antifungal Susceptibility Test

Based on M27-A3 and M27-S4 Clinical and Laboratory
Standards Institute (CLSI) documents (18, 19), an in vitro
antifungal susceptibility test was carried out. Concentra-
tion ranges were as: 0.016 to 16 mg/mL for itraconazole
(ITC; Janssen Research Foundation, Belgium), voriconazole
(VRC; Pfizer, Central Research, United Kingdom), clotri-
mazole (CLO; Sigma, MO, USA), ketoconazole (KTO; Sigma,
USA), and amphotericin B (AMB; Bristol-Myers-Squib, Woer-
den, The Netherlands); 0.063 - 64 mg/L for fluconazole (FLU;
Pfizer) and nystatin (NYS; Sigma, St. Louis, MO, USA); 0.008
- 8 mg/L for caspofungin (CAS; Sigma, St. Louis, MO, USA). A
stock solution of the drugs was prepared in dimethyl sul-
foxide (DMSO, Fluka, Germany).

Spectrophotometrically, adjusting homogeneous sus-
pensions was done at the wavelength of 530 nm to opti-
cal densities of 75% - 77% transmission. The final inocula
suspension was adjusted to 0.5 - 2.5 × 103 conidia/mL in
RPMI-1640 with L-glutamine, and no sodium bicarbonate
(Sigma-Aldrich, USA) buffered to pH = 7.0 with 0.165 M mor-
pholinepropanesulfonic acid (MOPS, Sigma-Aldrich, USA).
The incubation of the microdilution plates was done (24
and 48 h/35°C). Minimum inhibitory concentration (MIC)
values were determined visually by comparing the growth
in the wells containing the drug with that of the drug-free
control. The C. parapsilosis ATCC 22019 strains were applied
as quality control for new series of MIC plates. The geomet-
ric mean (GM) MICs, MIC ranges, MIC50, and MIC90 (min-
imum inhibitory concentration required to inhibit the
growth of 50% and 90%of organisms, respectively) were
calculated. The experiments were carried out in duplicate.

We used the recently revised CLSI clinical breakpoint
values (19). For C. albicans strains, caspofungin MIC val-
ues of ≤ 0.25 µg/mL, ≥ 1 µg/mL, and 0.5 µg/mL were cat-
egorized as susceptible, resistant, and susceptible-dose-
dependent, respectively, and fluconazole MIC results of ≤
2 µg/mL, ≥ 8 µg/mL and 4 µg/mL were defined as suscep-
tible, resistant, and susceptible-dose-dependent, respec-
tively and CLSI susceptible and resistant breakpoints for
VRC and ITC were ≤ 0.12, and ≥ 1 µg/mL, respectively (19).
For C. glabrata strains caspofungin MIC values of ≤ 0.12
µg/mL, ≥ 0.5 µg/mL, and 0.25 µg/mL were categorized as
susceptible, resistant, and susceptible-dose-dependent, re-
spectively, and fluconazole MIC results of ≥ 64 µg/mL and
≤ 32µg/mL were defined as resistant and susceptible-dose-
dependent, respectively, and CLSI susceptible and resistant
breakpoints for VRC and ITC were not established. CLSI clin-
ical breakpoints are not established for AMB in the CLSI
M27-S4 (20). Isolates with MIC≥ 2µg/mL for AMB were con-
sidered resistant (19).

3.5. Statistical Analysis

The differences between the mean values were evalu-
ated statistically using a student t-test using SPSS (version
17.0). Statistical significance was set at 0.05.

4. Results

4.1. Demographic Information and Identifying the Species

A total of 295 females suspected of vulvovaginal can-
didiasis were examined. The patients’ average age and age
ranges were 31 and 18 - 57 years, respectively. The most com-
mon predisposing factors, including previous VVC, antibi-
otic therapy, diabetes, blood pressure, contraceptive use,
and antifungal therapy, were observed in (57%), (11%), (4%),
(4%), (3%), and (1%) patients, respectively. The culture results
were positive in 50.5% (149 of 295) of specimens. Accord-
ing to classical and molecular identification techniques, C.
albicans was the major species 133/149 (89.2%), followed by
C. glabrata 8/149 (5.4%) and C. kefyr 2/149 (1.4%). A mixed in-
fection of C. albicans and C. glabrata was detected in 6/149
(4 %) specimens. Figure 1 illustrates the PCR-RFLP pattern
for identifying some study isolates representative of three
species of Candida.

4.2. Susceptibility Test Results

As shown in Table 1 the GM MICs against all Candida
strains were as follows: CAS, 0.075 µg/mL; VRC, 0.091
µg/mL; ITC, 0.15 µg/mL; AMB, 0.22 µg/mL; CLO, 0.23 µg/mL;
KTO, 0.28 µg/mL; NYS, 0.88 µg/mL; FLU, 1.48 µg/mL. CAS,
VRC, ITC, AMB, CLO, and KTO had low MIC against all tested
strains, whereas FLU and NYS had higher MIC. Further, the
MIC ranges of all Candida isolates to the tested antifungal
agents were in increasing order as follows: CAS: 0.031 - 0.25
µg/mL, KTO and ITC: 0.031 - 2 µg/mL, VRC: 0.031 - 4 µg/mL,
CLO and AMB: 0.031 - 8 µg/mL, NYS: 0.06 - 4 µg/mL, and
FLU: 0.12 - 128µg/mL. One (7.2 %) and 2 (14.3%) C. glabrata iso-
lates showed resistance against FLU and susceptible-dose-
dependent (SDD) against CAS, respectively. Six (4.5%), 5
(3.8%), and 2 (1.5%) C. albicans isolates showed resistance
against ITC, FLU, and, AMB, respectively, but all C. albicans
strains were susceptible to CAS and VRC (Table 1).

5. Discussion

Vulvovaginal candidiasis is a common fungal infec-
tion in female adults throughout the child-bearing period
(21). The VVC frequency ranged from 5.4% to 84% in re-
ported studies worldwide (16,22, 23). In this research, the
overall prevalence of Candida vaginitis showed a rate of
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Figure 1. Agarose gel electrophoresis of restriction fragments length polymorphism (RFLP) of ITS gene from Candida species isolated from vulvovaginal candidiasis with
Candida albicans (lanes 1, 2), C. glabrata (lanes 3, 4), C. kefyr (lanes 5), and lane M represents a 100 bp size molecular marker.

50.5%, which is similar to several studies conducted by re-
searchers previously (13, 20, 24), but it is in contrast to
Fornari et al. (30.07%) (25), Hedayati et al. (28.2%) (22), and
Alfouzan et al. (13.2%) (26). Additionally, the present re-
search showed the highest rate of VVC in 30 to 40 years old
group, consistent with the study conducted by Gharaghani
et al. (20) and inconsistent with Rezaei-Matekolaei et al.
(27). The results of the present work about predisposing
factors revealed that previous VVC (57%), antibiotic treat-
ment (11%), diabetes (4%), blood pressure (4%), contracep-
tive use (4%), and antifungal treatment (1%) were linked
with VVC as described before (28-30).

The present work revealed a high frequency of C. albi-
cans (89.2%) in VVC patients. This result was in line with the
several previously conducted researches, including Roud-

bary et al. (87.2%) (23), Roshan et al. (86.2%) (31), Rezaei-
Matehkolaei et al. (88.2%) (27), Gharaghani et al. (86.8%)
(20), and Fornari et al. (82.5%) (25). Although C. albicans
is considered a vaginal microflora and the major causative
agent of vaginal candidiasis, non-albicans species have in-
creased during previous decades (32, 33). Candida glabrata,
C. tropicalis, and C. krusei have been considered the second,
third, and fourth common causative agents of the disease,
respectively (32, 34, 35). The frequency of C. glabrata in the
present study was 5.4% as the second agent of the disease.
However, two reports from India and Amman indicated
that C. glabrata was isolated from 50.4% and 32.5% of pa-
tients with VVC, respectively (32, 33).

The findings of the current study revealed that C. ke-
fyr was isolated from two (1.4%) patients; it was consistent
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Table 1. Candida kefyr In Vitro Antifungal Susceptibilities of 149 Candida Isolates Against Eight Antifungal Agentsa

Species (Number) Antifungal Drugs
MIC Parameters, µg/mL

Sensitive
Sensitive-Dose

Dependent
Resistant

Range G mean MIC50 MIC90

Candida albicans
(n = 133)

Amphotericin B 0.031 - 8 0.20 0.12 0.5 131 (98.5) - 2 (1.5)

Fluconazole 0.12 - 64 1.43 2 4 128 (96.2) - 5 (3.8)

Ketoconazole 0.031 - 2 0.26 0.12 2

Clotrimazole 0.031 - 8 0.22 0.12 1

Itraconazole 0.031 - 2 0.14 0.12 0.5 127 (95.5) - 6 (4.5)

Voriconazole 0.031 - 0.12 0.086 0.12 0.12 133 (100) - -

Nystatin 0.25 - 4 0.88 1 2

Caspofungin 0.031 - 0.25 0.073 0.06 0.25 133 (100) - -

C. glabrata (n = 14)

Amphotericin B 0.06 - 1 0.40 0.5 1 - - -

Fluconazole 0.12 - 128 2.5 2 4 13 (92.8) - 1 (7.2)

Ketoconazole 0.25 - 4 0.60 0.5 2

Clotrimazole 0.031 - 4 0.49 1 4

Itraconazole 0.031 - 2 0.24 0.12 0.25 - - -

Voriconazole 0.031 - 4 0.14 0.12 2

Nystatin 0.25 - 4 0.95 1 4

Caspofungin 0.031 - 0.25 0.099 0.12 0.25 12 (85.7) 2 (14.3) -

C. kefyr (n = 2)

Amphotericin B 0.5 - 1 0.7 ND ND

Fluconazole 0.12 - 1 0.34 ND ND

Ketoconazole 0.5 - 1 0.7 ND ND

Clotrimazole 0.06 0.06 ND ND

Itraconazole 0.031 - 2 0.24 ND ND

Voriconazole 0.12 0.12 ND ND

Nystatin 0.5 - 1 0.7 ND ND

Caspofungin 0.031 - 0.12 0.06 ND ND

All strains (n =
149)

Amphotericin B 0.031 - 8 0.22 0.25 1

Fluconazole 0.12 - 128 1.48 2 4

Ketoconazole 0.031 - 2 0.28 0.25 2

Clotrimazole 0.031 - 8 0.23 0.25 1

Itraconazole 0.031 - 2 0.15 0.12 0.5

Voriconazole 0.031 - 4 0.091 0.12 0.12

Nystatin 0.06 - 4 0.88 1 2

Caspofungin 0.031 - 0.25 0.075 0.06 0.25

aMIC50 (concentration at which 50% of the isolates were inhibited); MIC90 (concentration at which 90% of the isolates were inhibited); G mean (Geometric mean).

with other investigations previously done by Fornari et al.
(2.5%) (25), Gharaghani et al. (0.65%) (20), and Alfouzan et
al. (1.9%) (26). However, in the study conducted by Mo-
hammadi et al. (36), C. kefyr was reported as the third
etiologic agent of fungal vulvovaginitis in Iran. The out-
comes of the present research revealed that 4% of the stud-

ied cases showed infection with more than one Candida
spp. This result was consistent with the study conducted by
Gharaghani et al. (20) reporting the prevalence of mixed
infection as 5.63%. The rise of VVC incidence and drug resis-
tance leads to an important public health issue and chal-
lenges clinicians’ treatment strategies (37).
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Antifungal susceptibility surveillance investigation
has played a key role in pursuing the progress of antifun-
gal resistance and beginning primary antifungal therapy
(37). According to the findings in the current research,
CAS (GM, 0.075 µg/mL), VRC (GM, 0.091 µg/mL), ITC (GM,
0.15 µg/mL), AMB (GM, 0.22 µg/mL), CLO (GM, 0.23 µg/mL),
and KTO (GM, 0.28 µg/mL) had good activity against all
Candida isolates. Candida kefyr shows that CAS had the
lowest GM MIC with 0.073 µg/mL, 0.099 µg/mL, and 0.06
µg/mL against C. albicans, C. glabrata, and Candida kefyr
strains, respectively. The previous studies confirm that
this drug has potent in vitro activity against Candida strains
(38, 39). The present research results showed no resistance
to CAS among C. albicans strains; however, two strains of
C. glabrata were susceptible-dose-dependent (SDD) to this
drug (Table 1).

In several previous studies, in vitro susceptibility test
done for C. albicans isolates showed 100% susceptibility to
CAS, being in line with the findings in the current work
(38-40). The FLU, ITC, and AMB are used to treat many in-
fections caused by Candida; however, several studies have
reported resistance to these antifungal agents. Katiraee et
al. (38) displayed 25.7% resistance to FLU; also, Badiee et al.
(39) reported 10.3% resistance to FLU and 8.5% to ITC. More-
over, Shokohi et al. (40) reported a 2.6% resistance to FLU
and AMB; also, 5.4% of isolates were resistant to ITC. Never-
theless, in research conducted by Gross et al. (41) in Costa
Rica, 100% of C. albicans isolates showed susceptibility to
FLU and ITC. In the study performed by Mukasa in Uganda,
C. glabrata (100%) and C. albicans (20.6%) were resistant to
ITC (42). It also showed the highest SDD rate to FLU in C.
glabrata isolates, while 96% of C. albicans strains were sus-
ceptible to FLU.

The present study showed 7.1% C. glabrata resistance to
FLU, as well as 4.5%, 3.75%, 1.5% C. albicans strains resistance
to ITC, FLU, and AMB, respectively, being in line with the
results of prior studies (38-40). In the current research, in
vitro susceptibility test done for C. albicans isolates showed
100% susceptibility to VRC, being in line with several ear-
lier results (39, 43). However, the findings of Mukasa et
al. in Uganda showed resistance of C. glabrata (36.7%) to
CLO and C. albicans (6.6%) to VRC (42). Prior studies re-
vealed that 10.5% of C. albicans isolates showed VRC resis-
tance, which is not consistent with our study (44). In the
study conducted by Fornari et al. (25) in Brazil, the Candida
strains separated from cases with complications showed
NYS resistance; however, they were sensitive to KTO, as ob-
served by an in vitro sensitivity profile. Based on the results
of the present work, NYS and KTO had lower and higher
MIC, respectively, as compared to Fornari et al. findings.

5.1. Conclusions

The predominant causative agents of VVC in this study
were C. albicans. Candida glabrata, which demonstrated a
decreased susceptibility to azoles, was recognized. Accord-
ing to the current research results, CAS and VRC had the
lowest MIC against all Candida isolates, respectively. How-
ever, resistance to azole among the Candida isolates in our
study, which are generally used for the management of
VVC, was shown that before the onset of the therapy, a com-
prehensive mycological assessment is needed for identify-
ing the causative agent.
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