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1  | INTRODUC TION

Candida is a commensal organism of the genitourinary tract with col‐
onization rates of 11.6%‐17%.1,2 However, disruption of local host 
defense mechanisms limiting Candida growth lead to a non‐invasive 
infection, called vulvovaginal candidiasis (VVC).3 In particular, fac‐
tors predisposing to VVC include pregnancy, hormone replacement, 

uncontrolled diabetes mellitus, long‐term broad‐spectrum antibiotic 
treatment, immunosuppression, contraceptives usage, and also poor 
personal hygiene and some sexual and clothing habits.4 In Europe, 
VVC is one of the most common causes of vaginitis,5 and in the 
United States, it is the second most frequent cause of infection after 
bacterial vaginosis.4 It has been estimated that 75% of all women 
will experience at least one episode of VVC in their lives. Between 
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Summary
Vulvovaginal candidiasis (VVC) is a common infection of the genital tract affecting 
millions of women worldwide. Data on epidemiological trends of VVC in Greece are 
scarce. This study was undertaken to evaluate the prevalence of VVC among sympto‐
matic women in Crete, Greece, identify the Candida species involved and determine 
their susceptibility to antifungals. Over a 6‐year period (2012‐2017), 10 256 symp‐
tomatic women with vaginitis were evaluated. Isolation of yeasts was performed on 
Sabouraud dextrose agar with chloramphenicol, and the isolates were identified using 
the API 20 C AUX and/or the Vitek 2 YST card. Susceptibility of the isolates to am‐
photericin, fluconazole, voriconazole and flucytosine was determined by the Vitek 2 
automated system. The results were interpreted according to Clinical and Laboratory 
Standards criteria. Vaginal swab cultures of 1217 (11.9%) women yielded Candida 
species. Recurrent VVC was documented in 62 (5.1%) of them. Candida albicans was 
the most frequently isolated species (75.6%), followed by Candida glabrata (13.6%). 
Overall, resistance rates to amphotericin B, fluconazole, voriconazole and flucytosine 
were 0.2%, 6.6%, 1.4% and 2.1%, respectively. Fluconazole resistance of C. albicans 
significantly increased in the second period of the study (2015‐2017) (P = 0.031). This 
study demonstrated that VVC is a common infection among women in our region, 
with C. albicans being the predominant species involved. Although resistance to an‐
tifungals was infrequent, resistance to fluconazole among C. albicans isolates was 
found to significantly increase with time. Continued surveillance of changes in spe‐
cies distribution and susceptibility to antifungals are necessary to guide treatment.
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40% and 50% of initially infected women will experience a second 
episode, while 7%‐8% will develop recurrent VVC (RVVC), which is 
defined as at least four confirmed episodes per year.4,6

In more than 70% of cases, VVC is caused by Candida albicans, 
followed by Candida glabrata, Candida tropicalis, Candida parapsilo-
sis and Candida krusei.7,8 During the last two decades, an increas‐
ing trend of VVC caused by non‐albicans Candida species (NAC) has 
been reported due to the widespread use of antifungal agents that 
are frequently available over‐the‐counter.9 Treatment failure is com‐
mon in NAC vaginitis, since some species are intrinsically resistant 
or show low susceptibilities to the azoles, the most commonly pre‐
scribed class of antifungal agents.10 For this reason, the identifica‐
tion of Candida to the species level and the determination of their 
susceptibility to antifungals are necessary for providing effective 
therapy.

This study was undertaken to determine the prevalence, species 
distribution and the antifungal susceptibilities of Candida species 
causing VVC, which have been isolated from Greek patients with 
symptomatic vaginitis.

2  | PATIENTS AND METHODS

The present study was conducted over a period of 6 years 
(2012‐2017), at the University Hospital of Heraklion, Crete, Greece, 
a 650‐bed tertiary care hospital serving a population of around 
650 000 persons. Microbiological data obtained from women aged 
18 years or over, who were admitted to the outpatient clinic of 
Obstetrics and Gynaecology with signs and symptoms suggestive 
of vulvovaginitis, were prospectively collected in the present study.

Specimens were taken from the posterior fornix of the vagina 
with sterile cotton‐tipped swabs and promptly transferred to the 
microbiology laboratory for further processing. For each vaginal 
swab, wet mount preparations, Gram‐stained smears and cultures 
were carried out following the laboratory protocols. For the isolation 
of Candida spp., specimens were inoculated on Sabouraud dextrose 
agar supplemented with chloramphenicol (50 mg/mL) (Oxoid) and 
incubated at 36°C for 72 hours. Identification to the species level 
was performed by sugar assimilation tests using the API 20 C AUX 
system and/or the Vitek 2 automated system (both products of 
BioMérieux).

Susceptibility to antifungal drugs was determined using the Vitek 
2 system, according to the manufacturer's instructions. The anti‐
fungals tested included amphotericin B, fluconazole, voriconazole 
and flucytosine. Minimal inhibitory concentrations (MICs) were in‐
terpreted using the CLSI M27‐S4 breakpoints.11 If there were no 
breakpoints, the epidemiological cutoff values (ECVs) were used to 
discriminate wild‐type (WT) and non‐wild type isolates. For ampho‐
tericin B, isolates with MIC ≤ 2 μg/mL were considered to be WT.12 
For fluconazole, C. albicans, C. tropicalis and C. parapsilosis isolates 
with MIC ≤ 2 μg/mL were considered susceptible (S), with MIC = 4 μg/
mL susceptible dose‐dependent (SDD) and with MIC > 8 μg/mL re‐
sistant (R). Candida glabrata isolates with MIC ≤ 32 μg/mL were 

considered SDD and those with MIC ≥ 64 μg/mL R. Candida krusei 
isolates were considered all R to fluconazole. For voriconazole, C. al-
bicans, C. tropicalis and C. parapsilosis isolates with MIC ≤ 0.12 μg/
mL, MIC = 0.25‐0.5 μg/mL and MIC ≥ 1 μg/mL, were categorised as 
S, I (intermediate) and R, respectively. Candida krusei isolates with 
MIC ≤ 0.5 μg/mL were considered S and those with MIC ≥ 2 μg/mL 
R, while C. glabrata isolates were considered WT when MIC ≤ 0.5 μg/
mL, and non‐WT when MIC > 0.5 μg/mL. For flucytosine, isolates with 
MIC values ≤ 4 μg/mL were considered S, 8‐16 μg/mL I and ≥32 μg/mL 
R. C. albicans ATCC 90028, C. parapsilosis ATCC 22019 and C. krusei 
ATCC 6285 were used as control strains.

Statistical analysis was conducted by the chi‐square and Fisher 
exact test, as appropriate. Statistical significance was set at P < 0.05. 
All statistical analyses were performed with Graphpad Prism, V.4 
(GraphPad Software Inc).

Since our study was a laboratory‐based study on microbiologi‐
cal data for clinical isolates of Candida species collected during the 
everyday clinical care of patients, it did not require approval, as per 
the guidelines of the Institutional Review Board and of the Ethics 
Committee of the University Hospital of Heraklion.

3  | RESULTS

During the study period, 10 256 patients with signs and symptoms 
of vaginal infection were evaluated. Of them, 1217 (11.9%) were di‐
agnosed with VVC. The mean age of the patients was 32.7 years, 
ranging from 18 to 89 years. Younger women between 18 and 
29 years had the highest prevalence rates of VVC (13.9%), while in 
the age groups 30‐39, 40‐49, 50‐59 and ≥60 the prevalence rates 
were 12.3%, 11.3%, 6.5% and 5.9%, respectively.

A total of 1234 Candida isolates were obtained from the 1217 
vaginal specimens. Isolates included 933 (75.6%) C. albicans, and 
301 (24.4%) NAC represented by 168 (13.6%) C. glabrata, 34 (2.7%) 
C. krusei, 22 (1.8%) C. tropicalis, 17 (1.4%) C. lusitaniae, 12 (1%) C. li-
polytica, 11 (0.9%) C. parapsilosis, 11 (0.9%) C. kefyr, 9 (0.7%) C. dub-
liniensis, 9 (0.7%) C. ciferrii, 5 (0.4%) C. incospicua, 1 (0.1%) C. famata, 
1 (0.1%) C. norvegiensis and 1 (0.1%) C. rugosa. Species distribution of 
the isolates was relatively stable over the study period, with slight 
fluctuations (Table 1). Non‐significant differences were observed 
in C. albicans and NAC isolations between the two study periods, 
2012‐2014 and 2015‐2017 (P = 0.14). The overall recurrence rate 
was 5.1%, with C. albicans being more frequently involved (71%). The 
mean age of the patients with RVVC was 31.5 years, ranging from 
18 to 50 years. Mixed infection with 2 species of Candida isolated 
from one specimen was observed in 17 episodes of VVC. The ma‐
jority of them (14 out of 17) yielded C. albicans and C. glabrata. Two 
cultures yielded C. albicans and C. krusei, and one yielded C. glabrata 
and C. tropicalis. NAC species were isolated significantly more often 
among menopausal patients than from women of reproductive age 
(P < 0.0001) (Table 2).

Susceptibility test results for the 1234 isolates revealed that re‐
sistance to amphotericin B (0.2%), voriconazole (1.4%) or flucytosine 
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(2.1%) was infrequent. Intermediate susceptibility to voriconazole 
occured among 0.4% of the isolates, and intermediate susceptibil‐
ity to flucytosine occured among 3.5% of them. Resistance to flu‐
conazole was observed among 6.6% of the isolates, while 15.8% 
were susceptible dose‐dependent. The susceptibility test results for 

each species are presented in Table 3. Resistance to amphotericin B 
was observed only among C. albicans isolates (0.2%), while all other 
Candida species were uniformly susceptible. A total of 3.7% C. al-
bicans isolates were resistant and 2.1% were susceptible dose‐de‐
pendent to fluconazole, whereas 1.2% of C. glabrata isolates were 
resistant and 98.8% were susceptible dose‐dependent to fluco‐
nazole. Fluconazole resistance of C. albicans was found significantly 
higher in the second period of the study (2015‐2017) (P = 0.031). All 
C. krusei isolates were considered fluconazole resistant as per CLSI 
guidelines. Resistance to fluconazole was significantly higher among 
NAC species versus C. albicans (P < 0.0001). Voriconazole resistance 
was noted among C. glabrata (3%) and C. albicans (1.3%), while flucy‐
tosine resistance was observed among C. albicans (2.6%) and C. gla-
brata (1.2%).

4  | DISCUSSION

Vulvovaginal candidiasis is a common infection affecting millions of 
women annually, with considerable negative impact on the quality of 
their social and sexual lives and is associated with significant direct 
and indirect costs.13,14

Poor data are available of the frequency of VVC, since the dis‐
ease is not reportable and is often self‐diagnosed without clinical 
and laboratory confirmation. The prevalence of VVC in symptom‐
atic women with microbiologic confirmation varies by country and 
population studied. Prevalence rates ranging from 5.3% to 60% have 
been reported, with higher rates found in Nigeria, Tunisia, Brazil and 
Australia.2,5,15‐17 In the present study, the prevalence rate of VVC 

TA B L E  1   Species distribution of Candida isolates from patients with vulvovaginal candidiasis during a 6‐year period

Year, n (%)

Species 2012 2013 2014 2015 2016 2017 2012‐2017

C. albicansa 175 (76.7) 80 (79.2) 147 (78.2) 173 (71.5) 151 (74.8) 207 (75.8) 933 (75.6)

NACa 53 (23.3) 21 (20.8) 41 (21.8) 69 (28.5) 51 (25.2) 66 (24.2) 301 (24.4)

C. glabrata 32 (14.0) 10 (9.9) 23 (12.2) 40 (16.5) 26 (12.8) 37 (13.6) 168 (13.6)

C. krusei 8 (3.5) 3 (3.0) 4 (2.1) 5 (2.1) 8 (3.9) 6 (2.2) 34 (2.7)

C. tropicalis 2 (0.9) 2 (2.0) 2 (1.1) 5 (2.1) 4 (2.0) 7 (2.6) 22 (1.8)

C. lusitaniae 2 (0.9) 1 (1.0) 2 (1.1) 3 (1.2) 2 (1.0) 7 (2.6) 17 (1.4)

C. lipolytica    8 (3.3) 2 (1.0) 2 (0.7) 12 (1.0)

C. parapsilosis 4 (1.8) 3 (3.0) 1 (0.5) 1 (0.4) 1 (0.5) 1 (0.4) 11 (0.9)

C. kefyr 1 (0.4) 1 (1.0) 3 (1.7) 4 (1.7)  2 (0.7) 11 (0.9)

C. dubliniensis 4 (1.8)  1 (0.5) 2 (0.8)  2 (0.7) 9 (0.7)

C. ciferrii   4 (2.1) 1 (0.4) 4 (2.0)  9 (0.7)

C. incospicua  1 (1.0) 1 (0.5)  2 (1.0) 1 (0.4) 5 (0.4)

C. famata     1 (0.5)  1 (0.1)

C. norvegiensis     1 (0.5)  1 (0.1)

C. rugosa      1 (0.4) 1 (0.1)

aNon‐significant differences were observed in C. albicans and non‐albicans Candida species isolations between the two study periods, 2012‐2014 and 
2015‐2017 (P = 0.14). 

TA B L E  2   Species distribution of Candida isolates by age group 
of patients with vulvovaginal candidiasis

Species 18‐29 30‐39 40‐49 50‐59 ≥60

C. albicans 453 325 102 31 22

C. glabrata 61 51 32 20 4

C. krusei 13 11 4 5 1

C. tropicalis 4 9 4 2 3

C. lusitaniae 6 9 2   

C. lipolytica 1 6 1 3 1

C. parapsilosis 2 7 2   

C. kefyr 1 5 2  3

C. dubliniensis 3 4 1  1

C. ciferrii 7 2    

C. incospicua 1 1 1 2  

C. famata  1    

C. norvegiensis 1     

C. rugosa    1  

Total 553 431 151 64 35

Note: Non‐albicans Candida species species were isolated significantly 
more often among menopausal patients than from women of reproduc‐
tive age (P < 0.0001).
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was 11.9%, similar to that of a previous Greek epidemiological sur‐
vey comprising 4743 patients (12.1%).8

In our study, the highest VVC rate was observed among women 
18‐29 years old, a finding consistent with several studies.18‐20 This is 
attributed to the sexual activity, and the increased amounts of es‐
trogens produced in this age group that promote yeast adhesion and 
penetration into the vaginal mucosa.4

Among the fourteen species identified in this study, C. albicans 
was the predominant one accounting for 75.6% of VVC cases. An 
earlier study conducted over the past decade, found a higher inci‐
dence of C. albicans (80.2%).8 Most epidemiologic studies world‐
wide reported prevalence of C. albicans in patients with VVC. In 
our study, NAC species were isolated from 24.4% of the affected 
women. Higher recovery rates of 33%, 41.4%, 51.5%, 65% and 
67.6% NAC species have been reported in Iran, Ethiopia, Nigeria, 
Egypt and India, respectively.21‐25 Candida glabrata was the most 
common among NAC species followed by C. tropicalis. This finding 
is consistent with data previously reported from Greece, although 
the recovery rate of these species is higher in the present study. It 
has been suggested that the indiscriminate use of both over‐the‐
counter and prescribed antifungal treatments may lead to selection 
of NAC, which are more resistant to the commonly used antifun‐
gals than C. albicans.26 Candida glabrata accounted for more than 
half of cases of NAC‐VVC. In the majority of reports, C. glabrata is 
the most common NAC species accounting for half to two‐thirds 
of NAC vaginitis.26 NAC species distribution varies in women with 
VVC depending on the locations and the population studied. The 
second most common NAC species differ in different studies world‐
wide, with C. tropicalis, C. parapsilosis and C. krusei being isolated in 
varying proportions. Significantly higher percentages of NAC spe‐
cies have been isolated from women at menopause than those at re‐
productive age, probably due to hormonal changes. The association 
of increasing age with NAC infections has been reported by several 
investigators.27‐29

In our study, 62 patients (5.1%) were diagnosed with RVVC. 
The actual prevalence of RVVC is difficult to determine. According 
to several investigators, the prevalence of RVVC in adult women 
ranges between 6% and 9%, depending on the study population, the 
geographic area and the methods used.7,8,16,30,31 A web‐based sur‐
vey of 6010 women from 5 European countries and the USA found 
a prevalence rate of 9%.32 Similarly, a 2006 VVC study of 576 Greek 
women found that 8.5% had RVVC.8 According to more recent esti‐
mates, 142 337 Greek women and about 138 million worldwide are 
affected by RVVC every year.33,34 Consistent with several studies, 
our results suggest that C. albicans is the predominant species in 
RVVC patients.4,7,16,35

The assessment of in vitro susceptibility against the vaginal 
Candida isolates is important due to the increasing recovery of iso‐
lates that exhibit inherent or acquired resistance to antifungals. In 
Greece, there is no information regarding the antifungal suscep‐
tibility of Candida isolates responsible for symptomatic vaginitis. 
In our study, the overall fluconazole susceptibility rate for C. albi-
cans is 94.2%, the susceptibility dose‐dependent rate is 2.1%, and TA

B
LE

 3
 

In
 v

itr
o 

su
sc

ep
tib

ili
ty

 o
f t

he
 1

23
4 

Ca
nd

id
a 

is
ol

at
es

 to
 fo

ur
 a

nt
ifu

ng
al

 a
ge

nt
s

Ca
nd

id
a 

sp
ec

ie
s (

n)

A
m

ph
ot

er
ic

in
 B

Fl
uc

on
az

ol
e

Vo
ric

on
az

ol
e

Fl
uc

yt
os

in
e

S 
(%

)
R 

(%
)

S 
(%

)
SD

D
 (%

)
R 

(%
)

S 
(%

)
I (

%
)

R 
(%

)
S 

(%
)

I (
%

)
R 

(%
)

Ca
nd

id
a 

al
bi

ca
ns

 (9
33

)
93

1 
(9

9.
8)

2 
(0

.2
)

87
9 

(9
4.

2)
20

 (2
.1

)
34

 (3
.7

)
91

8 
(9

8.
4)

3 
(0

.3
)

12
 (1

.3
)

90
5 

(9
7)

4 
(0

.4
)

24
 (2

.6
)

Ca
nd

id
a 

gl
ab

ra
ta

 (1
68

)
16

8 
(1

00
)

0 
(0

)
0 

(0
)

16
6 

(9
8.

8)
2 

(1
.2

)
16

3 
(9

7)
0 

(0
)

5 
(3

)
16

6 
(9

8.
8)

0 
(0

)
2 

(1
.2

)

Ca
nd

id
a 

kr
us

ei
 (3

4)
34

 (1
00

)
0 

(0
)

0 
(0

)
0 

(0
)

34
 (1

00
)

34
 (1

00
)

0 
(0

)
0 

(0
)

12
 (3

5.
3)

22
 (6

4.
7)

0 
(0

)

Ca
nd

id
a 

tr
op

ic
al

is 
(2

2)
22

 (1
00

)
0 

(0
)

22
 (1

00
)

0 
(0

)
0 

(0
)

22
 (1

00
)

0 
(0

)
0 

(0
)

22
 (1

00
)

0 
(0

)
0 

(0
)

Ca
nd

id
a 

lu
sit

an
ia

e 
(1

7)
17

 (1
00

)
0 

(0
)

17
 (1

00
)

0 
(0

)
0 

(0
)

17
 (1

00
)

0 
(0

)
0 

(0
)

14
 (8

2.
4)

3 
(1

7.
6)

0 
(0

)

Ca
nd

id
a 

lip
ol

yt
ic

a 
(1

2)
12

 (1
00

)
0 

(0
)

2 
(1

6.
7)

3 
(2

5)
7 

(5
8.

3)
11

 (9
1.

7)
1 

(8
.3

)
0 

(0
)

5 
(4

1.
7)

7 
(5

8.
3)

0 
(0

)

Ca
nd

id
a 

ke
fy

r (
11

)
11

 (1
00

)
0 

(0
)

10
 (9

0.
9)

1 
(9

.1
)

0 
(0

)
10

 (9
0.

9)
1 

(9
.1

)
0 

(0
)

9 
(8

1.
8)

2 
(1

8.
2)

0 
(0

)

Ca
nd

id
a 

pa
ra

ps
ilo

sis
 (1

1)
11

 (1
00

)
0 

(0
)

11
 (1

00
)

0 
(0

)
0 

(0
)

11
 (1

00
)

0 
(0

)
0 

(0
)

11
 (1

00
)

0 
(0

)
0 

(0
)

Ca
nd

id
a 

du
bl

in
ie

ns
is 

(9
)

9 
(1

00
)

0 
(0

)
6 

(6
6.

7)
3 

(3
3.

3)
0 

(0
)

9 
(1

00
)

0 
(0

)
0 

(0
)

9 
(1

00
)

0 
(0

)
0 

(0
)

Ca
nd

id
a 

sp
p.

 (1
7)

17
 (1

00
)

0 
(0

)
11

 (6
4.

7)
2 

(1
1.

8)
4 

(2
3.

5)
17

 (1
00

)
0 

(0
)

0 
(0

)
12

 (7
0.

6)
5 

(2
9.

4)
0 

(0
)



696  |     MARAKI et Al.

resistance was detected in 3.7% of the isolates. Our results are 
concurrent with the findings of Sobel et al.36 Higher resistance to 
fluconazole was reported by other investigators.30,37,38 In addition, 
our study demonstrated that only 26.3% of the NAC isolates were 
susceptible to fluconazole, 58.1% were susceptible dose‐depen‐
dent and 15.6% resistant. Fluconazole resistance has been mostly 
reported among NAC species.7,29,38 Voriconazole non‐susceptibil‐
ity was observed among 15 C. albicans isolates (1.6%). Ten out of 
the 15 isolates were also cross‐resistant to fluconazole. Similarly, 
susceptibility to voriconazole was detected among 97.6% of the 
NAC isolates. The infrequent resistance to voriconazole of C. albi-
cans isolates from patients with VVC was similar to that reported 
in other studies.37,39 Earlier studies from Kuwait and Ethiopia re‐
ported 100% susceptibility to voriconazole among C. albicans vag‐
inal isolates.22,27

In cases of azole‐resistant Candida species, vaginal suppositories 
of amphotericin B have been successfully used.40 In our study, 99.8% 
of the C. albicans and 100% of the NAC isolates were susceptible to 
amphotericin. Another alternative for treatment of azole‐resistant 
VVC is flucytosine, which is rarely used alone because of its narrow 
spectrum of antifungal activity compared with azoles and polyenes 
and the high resistance rates of Candida species. Resistance to flucy‐
tosine develops rapidly during monotherapy,41 so it is used in combi‐
nation with amphotericin.42

In conclusion, our data indicate that in our region vulvovaginal 
candidiasis is a common infection affecting more frequently women 
at reproductive age. Candida albicans is still the most frequent 
species involved in either sporadic or recurrent VVC, followed by 
C. glabrata. Resistance of C. albicans to antifungals was infrequent, 
although susceptibility testing for other azoles (eg, miconazole) used 
for treatment of VVC was not performed. Since the epidemiology 
of vulvovaginal candidiasis is changing over time and vary among 
geographical locations, continuous surveillance of changes in the 
prevalence and susceptibility rates of Candida species are necessary 
to guide empirical treatment.
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