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Abstract

Background: Candida albicans genotypes derived from PCR-based techniques targeting 25S rDNA have been shown to correlate
with antifungal susceptibility and virulence factors. However, this method has not been used in isolates recovered from recurrent
vulvovaginal candidiasis. Comparing intron-based genotypes with the drug susceptibility of isolates recovered from recurrent vul-
vovaginitis may aid in epidemiological studies and better patient management.
Objectives: The purpose of this study was to investigate the genetic diversity of isolates involved in vulvovaginal candidiasis and
their susceptibility to seven antifungal agents.
Methods: Candida genotyping based on the presence or absence of a group I intron by PCR targeting 25S rDNA and drug suscepti-
bility assays using a modified Alamar Blue broth microdilution method were carried out. Fisher’s exact test and the Mann-Whitney
U test were performed, and P < 0.05 was considered statistically significant.
Results: Candida albicans was the predominant species among 384 Candida isolates followed by C. glabrata in acute and C. tropi-
calis in recurrent vulvovaginitis. Candida albicans from acute infections were more susceptible to fluconazole than isolates from
recurrent cases but more resistant to miconazole and amphotericin B. The dominant genotype A was resistant to itraconazole
and demonstrated higher minimal inhibitory concentrations (MICs) to 5-fluorocytosine and itraconazole. All C. albicans and non-
albicans species. with the group I intron were susceptible to 5-fluorocytosine.
Conclusions: Candida albicans is the predominant cause of acute and recurrent vulvovaginal candidiasis, and drug susceptibility
differed significantly among type of infection. Strain differences based on the group I intron may not be clinically significant in
disease recurrence. However, the presence or absence of the group I intron has significant impact on antifungal MICs and resis-
tance. Moreover, the group I intron in C. albicans and non-albicans may be the most important factor related to 5-fluorocytosine
susceptibility.
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1. Background

Candida albicans has been recognized as the main
pathogen in both acute vulvovaginal candidiasis (AVVC)
and recurrent vulvovaginal candidiasis (RVVC) (1-3). About
75% of women will experience AVVC in their lifetimes.
Although a small percentage of women (< 5%) will de-
velop RVVC, whose pathogenesis is poorly understood, it
requires an aggressive treatment plan and often imposes
long-term burdens on mental, physical, financial, and sex-
ual health (4). Because of the high prevalence of C. albicans
and the long-term burden due to disease recurrence, it is
essential to understand its epidemiology and pathogene-
sis at the genetic level. PCR-based techniques targeting 25S
rDNA have grouped C. albicans into three genotypes based
on the presence of a group I intron in 25S rDNA (genotype
B, 840 bp), the absence of the intron (genotype A, 450 bp),
and gene containing both the presence and absence of this
intron (genotype C) (5). Candida dubliniensis also possesses

an intron at the same location and gives a 1080 bp product
(genotype D) and a 1400 bp product (genotype E) (5, 6).

These genotypes have been reported to correlate with
antifungal susceptibility (7-9) and virulence factors like
cell adherence, phospholipase activity, and invasiveness
(2, 10, 11). Genotyping based on group I introns has been
used several times for studying the genetic variation of iso-
lates involved in vulvovaginal candidiasis, cutaneous can-
didiasis, and oral candidiasis. However, this method has
not been used for isolates recovered from RVVC. Compar-
ing intron-based susceptibility of isolates recovered from
RVVC may clarify the epidemiology of the disease and lead
to better patient management.

2. Objectives

We investigated the genetic diversity of C. albicans
isolates involved in AVVC and RVVC and their suscepti-
bility to seven antifungal agents: nystatin, fluconazole,
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5-fluorocytosine, miconazole, itraconazole, clotrimazole,
and amphotericin B.

3. Methods

3.1. Ethics Statement

This study was approved by the Kunming medical uni-
versity ethics committee and informed verbal consent was
obtained from the patients to use the collected Candida iso-
lates for this study.

3.2. Study Design

A total of 384 isolates obtained from culture-positive
cases of AVVC i.e., episode of symptomatic vulvovaginitis
less than four times a year and RVVC with a history of at
least four symptomatic VVC episodes within 1 year were
included in this study. All isolates were cultured on agar
slants and stored at room temperature, molecularly char-
acterized by intron-based PCR targeting 25S rDNA, and as-
sayed for their susceptibility to seven antifungal agents us-
ing the clinical and laboratory standards institute (CLSI)
M27-A3 microbroth dilution method modified with the ala-
marBlue reagent (Bio-Rad AbDSerotec, UK). Nystatin and
clotrimazole were provided by The laboratory labor Dr.
Ehrenstorfer-Schäfers (Germany). Fluconazole, itracona-
zole, amphotericin B, and miconazole were provided by
Sigma-Aldrich (US) and 5-fluorocytosine by European Phar-
macopoeia (UK).

3.3. Identification of Candida Species

All isolates were subcultured on SDA slants
(bioMerieux, France) to ensure viability and purity, and
were identified by colony color on a CHROMagar Candida
plate (Zheng Zhou Biocell Biotechnology, China). In addi-
tion, the VITEK®2 compact system (bioMerieux, France)
was used for confirmation of Candida species.

3.4. DNA Extraction and Intron-Based PCR Targeting 25S rDNA

DNA extraction was carried out using a nucleic acid pu-
rification kit (AxyPrep Blood Genomic DNA miniprep kit,
U.S.) following the manufacturer’s protocol. Primer pairs
CA-INT-F (5’-ATAAGGGAAGTCGGCAAAATAGATCCGTAA-3’)
and CA-INT-R (5’-CCTTGGCTGTGGTTTCGCTAGATAGTAGAT-
3’) (Genbank, China) were used for genotype analysis on
the basis of 25S rDNA as described in previous studies (5,
8).

3.5. Susceptibility Tests

Susceptibility tests were performed based on CLSI doc-
ument M27-A3 modified with the alamar Blue reagent for
colorimetric minimal inhibitory concentration (MIC) de-
termination (12, 13). The cell mass was diluted in 5 mL
of sterile 0.9% saline solution to prepare an initial inocu-
lum. Turbidity was equivalent to McFarland Standard no.
0.5. Twenty microliters of fungal inoculum of 0.5 - 2.5 ×
103 CFU/mL in 140 µL RPMI 1640 medium (Gibco, US) were
added to wells of a 96-well microdilution plate (Zhejiang
Huangyan Wuzhou Medical Plastics Factory, China) with
column 1 serving as a negative control and column 2 with
fungal inoculum alone serving as a positive control. Anti-
fungal agents were added in series of two-fold dilutions to
columns 3 - 12. Dilution ranges for fluconazole were 0.125 -
64µg/mL and for clotrimazole 0.06 - 32µg/mL. For all other
antifungal agents, dilution ranges were 0.0313 - 16 µg/mL.

For MIC determination, 20 µL of freshly prepared col-
orimetric reagent was added to each well, and then the
plates were incubated at 35°C for 24 hour before determin-
ing the MIC of each well. Yeast growth was evident as a
change in the growth indicator from blue (negative) to
red (positive). Colorimetric MICs were interpreted as the
lowest concentration of antifungal solution that caused a
change from red (growth) to blue (no growth). Candida al-
bicans ATCC 90028 was tested to ensure quality control.

The fluconazole breakpoints for C. albicans and C. trop-
icalis (Susceptible (S) ≤ 2 mg/L, Intermediate category (I) =
4 mg/L, Resistant (R) ≥ 8 mg/L), and for C. glabrata (I ≤ 32
mg/L, R≥ 64 mg/L) were those published by the CLSI (2012),
and all C. krusei isolates were considered resistant to flu-
conazole (14). The itraconazole breakpoints for C. albicans
(S ≤ 0.125 mg/L, I = 0.25 - 0.5 mg/L, R ≥ 1 mg/L), C. glabrata
(S ≤ 2 mg/L, R > 2 mg/L), C. tropicalis (S ≤ 0.5 mg/L, R > 0.5
mg/L), and C. krusei (S≤ 1 mg/L, R > 1 mg/L) were referenced
from a similar study (15). As for miconazole, breakpoints
used were S≤ 1 mg/L and R≥ 8 mg/L (16, 17). Adopted break-
points for 5-fluorocytosine were S ≤ 4 mg/L, I = 8 - 16 mg/L,
and R ≥ 32 mg/L, and for amphotericin B S ≤ 1 mg/L and R
≥ 2 mg/L (18). The brea kpoints for nystatin (S≤ 1 mg/L, R >
1 mg/L) and clotrimazole (S ≤ 0.25 mg/L, I = 0.5 mg/L, R ≥ 1
mg/L) were from similar studies (19, 20).

3.6. Statistical Analysis

SPSS version 17.0 (SPSS Inc., U.S.) was used for statistical
analysis. Fisher’s exact test and the Mann-Whitney U test
were performed, and P < 0.05 was considered statistically
significant.
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4. Results

4.1. Candida Species and Genotypes

Candida albicans (335/384) was the most common
species isolated followed by C. glabrata (22/384), C. tropi-
calis (15/384), and C. krusei (12/384). C. albicans was predom-
inant in both VVC (196/229) and RVVC (139/155), followed by
C. glabrata (17/229) in VVC and C. tropicalis (6/155) in RVVC.
Out of 335 C. albicans, 309, 19, and 7 isolates were identified
as genotype A (450 bp), B (840 bp), and C (450 bp and 840
bp), respectively (Figure 1). Genotype A was predominant
in both VVC (176/196) and RVVC (133/ 139). No significant dif-
ference was identified between the genotype distribution
and the type of VVC (P = 0.06). None of the PCR products
in this study were 1040 bp or 1080 bp long that correspond
to C. dubliniensis. Among non-albicans species, 3 out of 49
produced 840 bp long products. Of these, 2 were C. tropi-
calis and 1 was C. glabrata. All other non-albicans produced
450 bp long products.

Figure 1. Agarose gel (3%) stained with ethidium bromide showing DNA band pat-
tern profiles of C. albicans genotypes A (450 bp), B (840 bp), and C (450 bp and 840
bp) as labeled in the figure, with a 100 bp ladder (Trans Gen Biotech, U.S.) and 2k DNA
marker (Trans Gen Biotech, U.S.).

4.2. Antifungal susceptibility among VVC and RVVC

Candida albicans in the VVC group was found to be
more susceptible to fluconazole than in the RVVC group (P
= 0.04), while there was lower susceptibility to miconazole
(P = 0.001) and amphotericin B (P = 0.007) than in the RVVC
group (Table 1).

4.3. Antifungal Susceptibility Among Candida albicans Geno-
types

Genotype A (54%) was more resistant than genotypes B
and C (26.9%) for itraconazole (P = 0.003). Other than this,
no significant differences were identified. Notably, none of
the genotypes were resistant to 5-fluorocytosine (Table 2).

4.4. MICs Among Candida albicans Genotypes

The MICs of genotypes B and C for 5-fluorocytosine (P
= 0.008) and itraconazole (P = 0.003) were significantly
lower than that of genotype A (Table 3). The lowest MICs
observed for genotype A were for clotrimazole and ampho-
tericin B (MIC90 = 1 mg/L), while for the other two geno-
types they were for 5-fluorocytosine (MIC90 = 0.475 mg/L).
The highest MICs observed were for nystatin, miconazole,
and itraconazole for genotype A (MIC90 = 16 mg/L), while
for genotypes B and C they were for nystatin (MIC90 = 10.4
mg/L).

5. Discussion

We found C. albicans as the major pathogen isolated
from both types of VVC as previously reported (1-3). Of
the non-albicans species isolated from AVVC patients, C.
glabrata was predominant. The preponderance of C.
glabrata among non-albicans in both VVC types has been
previously recognized (1, 2, 21). However, in patients with
RVVC, we found a higher prevalence of C. tropicalis in this
study. Genotyping results showed that genotype A was the
most common followed by genotype B then genotype C.
This ranking agrees well with several other studies (6, 7),
but differs from one study in which a higher incidence of
genotype C was found (9). None of the PCR products cor-
responded to C. dubliniensis, and to our knowledge no C.
dubliniensis has been reported in our district, but further
research is required to confirm its absence.

Investigators have reported the association of geno-
types with virulence factors and invasiveness (2, 10, 11), but
genotypes and VVC types did not show any relation in the
present study. This shows the complexity of disease recur-
rence and suggests that strain differences based on group
I introns in RVVC may not have clinical significance.

For AVVC and RVVC, susceptibility results were consis-
tent with one study in China (22). but not with other stud-
ies (1, 18). These inconsistent findings may be due to the dif-
ferent geographical regions, differences in choice of initial
agents leading to different stress responses, and the toler-
ance of Candida species towards antifungal agents. More-
over, C. albicans isolated from RVVC demonstrated signif-
icant resistance against the most commonly prescribed
drug, fluconazole, and greater prior exposure could be the
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Table 1. Antifungal Susceptibility Among VVC and RVVC

Candida
Species

Antifungal
Agents

VVC RVVC

S (%) I (%) R (%) S (%) I (%) R (%)

C. albicans

Nystatin 100 (51) 0 96 (49) 64 (46) 0 75 (54)

Fluconazolea 174 (88.8) 12 (6.1) 10 (5.1) 112 (80.6) 16 (11.5) 11 (7.9)

5-fluorocytosine 190 (96.9) 6 (3.1) 0 134 (96.4) 0 5 (3.6)

Miconazoleb 130 (66.3) 18 (9.2) 48 (24.5) 113 (81.3) 15 (10.8) 11 (7.9)

Itraconazole 64 (32.7) 30 (15.3) 102 (52) 54 (38.8) 13 (9.4) 72 (51.8)

Clotrimazole 146 (74.5) 21 (10.7) 29 (14.8) 109 (78.4) 16 (11.5) 14 (10.1)

Amphotericin Bc 175 (89.3) 0 21 (10.7) 135 (97.1) 0 4 (2.9)

Non- albicans

Nystatin 19 (57.6) 0 14 (42.4) 12 (75.0) 0 4 (25.0)

Fluconazole 9 (27.3) 17 (51.5) 7 (21.2) 5 (31.3) 5 (31.3) 6 (37.5)

5-fluorocytosine 29 (87.9) 0 4 (12.1) 16 (100) 0 0

Miconazole 31 (93.9) 1 (3.0) 1 (3.0) 16 (100) 0 0

Itraconazole 19 (57.6) 0 14 (42.4) 12 (75.0) 0 4 (25.0)

Clotrimazole 19 (57.6) 2 (6.0) 12 (36.4) 11 (68.8) 2 (12.5) 3 (18.7)

Amphotericin B 32 (97.0) 0 1 (3.0) 16 (100) 0 0

Abbreviations: I, intermediate category; R, resistant; S, susceptible.
aP = 0.04.
bP = 0.001.
cP = 0.007.

reason. However, the results were different than expected
for miconazole and amphotericin B, which showed that C.
albicans isolates from the RVVC group were more suscep-
tible compared to those from AVVC; this is possibly due to
the use of over-the-counter agents.

We also found that intron-based genotypes have a sig-
nificant impact on drug MICs and susceptibility. In agree-
ment with one study, the MICs of the intronless genotype
A were significantly higher than those of the other two
genotypes for 5-fluorocytosine and itraconazole (7). We
also found genotype A to be significantly resistant against
itraconazole, which is in agreement with two other stud-
ies in which genotype A exhibited more resistance than the
other two genotypes (6, 8, 9). In contrast, other studies
have found no association between antifungal resistance
and genotype (7, 23). Differences in genotype susceptibil-
ity may be due to the differences in geographical location
and other factors involved in resistance besides the group
I intron.

On the other hand, we observed that all C. albicans of
genotype B and non-albicans with 840 bp products, which
defines the presence of the group I intron, were susceptible
to 5-fluorocytosine. Multiple factors are certainly respon-
sible for resistance, and the presence of the group I intron
is only one factor, but it appears to be the most important

one contributing to 5-fluorocytosine susceptibility.

6. Conclusions

In conclusion, the most commonly isolated yeast re-
sponsible for AVVC and RVVC was C. albicans. Significant
differences in C. albicans susceptibility among AVVC and
RVVC were observed for nystatin, miconazole, and ampho-
tericin B. However, no remarkable differences were iden-
tified for the susceptibility of non-albicans species among
VVC types. The presence or absence of the group I intron
had a significant impact on MICs. The dominant intron less
genotype A was resistant to itraconazole, and the presence
of the group I intron in C. albicans and non-albicans appears
to play an important role in 5-fluorocytosine susceptibility.
However, strain differences based on the group I intron in
cases of AVVC and RVVC may not have clinical significance.
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Table 2. Susceptibility Pattern Among C. albicans Genotypes

C. albicansGenotype Antifungal Agents Susceptible (%) Intermediate Category (%) Resistant (%)

Type A (309)

Nystatin 148 (47.9) 0 161 (52.1)

Fluconazole 261 (84.5) 28 (9.1) 20 (6.5)

5-Fluorocytosine 299 (96.8) 10 (3.2) 0

Miconazole 221 (71.5) 31 (10.0) 57 (18.4)

Itraconazole 102 (33.0) 40 (12.9) 167 (54)

Clotrimazole 234 (75.7) 35 (11.3) 40 (12.9)

Amphotericin B 287 (92.6) 0 22 (7.1)

Type B (19)

Nystatin 12 (63.2) 0 7 (36.8)

Fluconazole 18 (94.7) 0 1 (5.3)

5-Fluorocytosine 19 (100) 0 0

Miconazole 15 (78.9) 2 (10.5) 2 (10.5)

Itraconazole 10 (52.6) 3 (15.8) 6 (31.6)

Clotrimazole 15 (78.9) 1 (5.3) 3 (15.8)

Amphotericin B 17 (89.5) 0 2 (10.5)

Type C (7)

Nystatin 4 (57.1) 0 3 (42.9)

Fluconazole 7 (100) 0 0

5-Fluorocytosine 6 (85.7) 1 (14.3) 0

Miconazole 7 (100) 0 0

Itraconazole 6 (85.7) 0 1 (14.3)

Clotrimazole 6 (85.7) 1 (14.3) 0

Amphotericin B 6 (85.7) 0 1 (14.3)

Table 3. C. albicans Genotype MICs to Antifungal Agents

Antifungal Agents Genotype A (309) Genotype B and C (26)

MIC90 (mg/L) MICs Range (mg/L) MIC90 (mg/L) MICs Range (mg/L)

Nystatin 16 0.03 - 16 10.4 0.03 - 16

Fluconazole 4 0.13 - 32 1 0.13 - 8

5-Fluorocytosinea 4 0.03 - 16 0.475 0.03 - 8

Miconazole 16 0.03 - 18 5.2 0.03 - 16

Itraconazoleb 16 0.03 - 16 4 0.03 - 16

Clotrimazole 1 0.03 - 16 1 0.03 - 16

Amphotericin B 1 0.03 - 16 3.8 0.03 - 16

aP = 0.008.
bP = 0.003.
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