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Purpose: The aim of this study was to find the prevalence of Candida species isolated
from vaginal discharge of women undergoing IVF-ET in Vietnam.

Materials and Methods: 83 strains isolated from women undergoing IVF-ET in Mil-
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itary Institute of Clinical Embryology and Histology were collected between November
2017 and December 2018. 83/83 strains were identified as Candida species by several
phenotypic methods (i.e., germ tube test, culture on Brilliance™ Candida Agar) and molec-
ular (PCR-RFLP and sequencing).

Results: The results showed that, C. albicans (n = 33, 39.76%) was the most common
species, followed by C. glabrata (n = 32, 38.56%), C. tropicalis (n = 9, 10.84%), C. krusei (n
=7,8.43%), C. parapsilosis (n = 2, 2.41%), respectively.

Conclusion: In the present study, the most common species in women undergoing
IVF-ET were C. albicans, C. glabrata and C. tropicalis, respectively. The frequency of the

ET; Vietnam non-albicans Candida species were increasing, especially C. glabrata.
Abbreviations: VVC: Vulvovaginal Candidiasis; NAC: Non-Albicans Candida; SDA: Sab-
ouraud’s Dextrose Agar; RFLP: Restriction Fragment Length Polymorphism
Introduction

Vulvovaginal candidiasis is estimated to be the second most
common cause of vaginitis after bacterial vaginosis [1]. Many studies
have shown that approximately 75% of healthy female population
at least one symptomatic episode of vulvovaginal candidiasis (VVC)
and 40-50% will have recurrent episodes during their lifetime
[2,3]. Candida albicans was accounted as the first vulvovaginal
candidiasis causative agent [1], followed by non-albicans Candida
(NAC) species including Candida glabrata, Candida parapsilosis,
Candida tropicalis and Candida krusei [4]. The species distribution

of Candida isolates varies between countries, regions, and
institutions [5]. NAC species have increasingly been identified as
the cause of vulvovaginitis [6]. The data of some reports indicated
that NAC species were responsible for 10% to 30% of episodes
in certain geographic regions [6]. In clinical practice, the yeast
identification is based on morphological and biochemical markers,
including the automated methods [7]. However, not all the species
are precisely identified by such procedures. Therefore, molecular
markers were utilized in the present study to enable identification
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and detection of various strains [8]. According to the literature,
identification of the Candida isolates is important for treatment,
prediction of the prognosis, performing infection control, finding
epidemiological data and avoid antifungal failure [9,10]. In addition,
the species identification of the yeast should be performed with
a high accuracy [11]. Previously, very limited data is available on
species composition of Candida in Vietnam, especially the women
undergoing IVF-ET. This study has been performed to find the
prevalence of Candida species isolated from vaginal discharge of
women undergoing IVF-ET in Vietnam.

Materials and Methods

Yeast Strains

A total of 83 strains of Candida species isolated from women
undergoing IVF-ET in Military Institute of Clinical Embryology and
Histology, Vietnam Military Medical University were used. The
isolates were cultured on Sabouraud’s Dextrose Agar (SDA) for
48h at 30°C and suspended in sodium chloride solution 0.85% at
a concentration of McFarland 0.5 (corresponds to 1-5 x 10° cfu/
ml). In this study, C. albicans (ATCC 90028) was used as a standard
quality control strain.

Yeast Identification

The yeasts were first identified according to morphological
and physiological characteristics using germ tube test (in human
serum), cultured on Brilliance™ Candida Agar (Oxoid, UK), and
microscopic morphology on cornmeal agar (Difco, USA) with 1%
Tween 80 (Merck, Germany).

DNA Extraction

Genomic DNA were extracted from yeast cultures using QlAamp
DNA Mini Kit (QIAGEN, Hilden, Germany), following manufacture
recommendation. DNA concentration (ng/ul) was estimated using
a NanoDropTM 2000 Spectrophotometer at 260 nm (Thermo
Fisher Scientific, USA).

PCR Reactions

To amplify an approximate 500-900 bp region of the ITS1-
5.8S-ITS2 sequence, PCR was performed using a set of ITS1 (5'-
TCC GTA GGT GAA CCT GCG G -3") and ITS4 (5°-TCC TCC GCT TAT
TGA TAT GC-3°) (Integrated DNA Technologies, USA) as sense and
antisense primers (Mirhendi et al., 2006) [12], respectively. Total
volume of PCR reaction was 50ul containing 5ul of DNA solution,
25 pl mastermix 2X (Thermo Fisher Scientific, USA), 1.0pul of each
primer (0.2uM) and 18.0pl of distilled water (Corning, USA). PCR
amplification was performed in Thermo Mastercycler Gradient
(Thermo Fisher Scientific, USA). The reaction cycle was as follows:
an initial denaturation step at 94°C for 5 minutes, followed by 35
cycles of 94°C for 30 seconds, 56°C for 45 seconds and 72°C for 60
seconds and a final extension of 72°C for 15 minutes.

Restriction Fragment Length Polymorphism (RFLP)
Analysis

Restriction fragment length polymorphism was performed
according to the method described by Mirhendi et al. to identify
the most medically important Candida species [12]. To perform
RFLP assay, total volume of 16yl, including 5ul PCR product was
added with 1ul of MsplI (10UI), 1pl of 10X Tango buffer (Thermo
Fisher Scientific, USA) and 9pl of distilled water. According to the
manufacturer’s instruction, the tubes were incubated at 37°C for
3 hours, to make sure full cutting of fragments. For analyzing the
digestion products, 6yl of each product in addition to 1pl of loading
dye buffer were electrophoresed on 2% agarose gel in 1X TBE
buffer for about 2.0h at 90V and visualized staining with 0.5pg/ml
of ethidium bromide on UV illumination (UVP, Canada). The size of
each band was determined by a 50bp plus ladder molecular weight
marker (Thermo Fisher Scientific, USA).

D1/D2 26S rDNA Gene Sequencing

Amplification of the D1/D2 domains of the 26S rRNA gene were
achieved with the primers NL-1 (5’-GCA TAT CAA TAA GCG GAG
GAA AAG-3’) and NL-4 (5’-GGT CCG TGT TTC AAG ACG G-3’). PCR
products of D1/D2 from three isolates (HN-SD20, HN-SD42 and
HN-SD51) were sent to First BASE Laboratories Sdn Bhdservice
(Kembangan 43300, Selangor, Malaysia) for purification and
automatic sequencing in both directions, using the same primers
which were used in the PCR. Sequences were read on ABI 3130
Genetic Analyzer software (Seq Scape 2.1). The accuracy of data
was confirmed by two-directional sequencing. Representative
sequences were deposited in the GenBank under accession number
MK464263, MK464264 and MK464265.

Data and Sequence Analyses

IBM SPSS statistics 20.0 software was used for data processing
in this study. The sequences generated were compared to available
data in the NCBI database using BLAST guidelines.

Results

A total of 83 Candida strains were isolated during the study
period. All of them came from Military Institute of Clinical Em-
bryology and Histology, Vietnam Military Medical University. The
overall species distribution is shown in Table 1. The frequency of
non-Candida albicans species was 60.24%. Distribution of Candida
species isolated from vaginal discharge of women undergoing IVF-
ET was as follows: 33 C. albicans (39.76%), 32 C. glabrata (38.56%),
9 C. tropicalis (10.84%), 7 C. krusei (8.43%) and 2 C. parapsilosis
(2.41%) (Table 1). C. albicans was the most commonly isolated spe-
cies in our study. The second leading strain was C. glabrata. All cas-
es were monomicrobial infections, no mixed infections were detect-
ed in the present study (Figure 1a & 1b). DNA sequencing of three
D1/D2 were compared to available data in the NCBI database using
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BLAST guidelines. BLAST results showed that C. tropicalis from Chi-
na (MG871744.1) possessed the sequence most like those in these
2 isolates with 100% identity for HN-SD20 isolate (MK464263.1)

and HN-SD51 isolate (MK464265.1). D1/D2 sequencing of HN-
SD42 strain was 100% like C. albicans from China (KY825125.1).

Figure 1: Patterns of PCR products of Candida isolates before (Figure 1a) and after digestion with the restriction enzyme Mspl
(Figure 1b). Lane M: 50 bp ladder molecular weight marker; land 1 (A): negative control; land 2-7 denoted to different Candida
samples amplified as a single band of 500-900 bp; land 1-2 and 6 (B) denoted to those of C. glabrata; land 3 (B) denoted to these
of C. albicans; land 4 (B) denoted to these of C. krusei; land 5 (B) denoted to these of C. tropicalis.

Table 1: Frequency of different Candida species isolated from
vaginal discharge of women undergoing IVF-ET.

Species Number of isolates Frequency (%)
C. albicans 33 39.76
C. glabrata 32 38.56
C. tropicalis 9 10.84

C. krusei 7 8.43

C. parapsilosis 2 2.41
Total 83 100
Discussion

There are many techniques that have been proposed to detect
and distinguish Candida species in clinical samples [13]. In present
study, we used three phenotypic methods and two molecular
methods, namely PCR-RFLP and DNA sequencing, to identify
Candida species in 83 strains from vaginal discharge of women
undergoing IVF-ET. The results of our study showed that C. albicans
continues to be the species most commonly isolated from vaginal
discharge of women. The result from our study was like that of
some previous researches in China [9,14], Iran [3,15] and Brazil [8].
Although C. albicans was still the most frequently isolated species,
we describe a very high proportion of non-albicans Candida species
(60.24%), with C. glabrata, being almost as common as C. albicans.
C. tropicalis was the third most frequently isolated Candida species
(10.84%), followed by C. krusei (8.43%). In this series we found
only two C. parapsilosis (2.41%). The results of our study were like
that of some previous researches.

Most reports have shown that C. glabrata, C. tropicalis and C.
krusei were accounted as the second, third and fourth common

agents of disease, respectively [16,17]. According to the results
from our study, C. glabrata was the second most commonly occur-
ring species in Vietnam. Abbasi et al. (2017) reported similar find-
ings in Iran, where C. glabrata was also the second most common
species isolated from vulvovaginal Candidiasis [15]. Conversely, a
report from India indicated that C. glabrata was the most common
species which was isolated from 50.4% patients with vulvovaginal
candidiasis [16]. The reasons for such differences in the distribu-
tion of Candida spp. are not fully understood. However, the high
prevalence of C. albicans and C. glabrata in our study was remark-
able results. According to Castrillén-Duque (2018), the presence of
C. albicans or C. glabrata affects seminal parameters [18]. The data
from this study showed that more studies are needed to determine
the effects of vaginal yeast infections on results of IVF-ET.

Conclusion

The most common species in women undergoing IVF-ET were C.
albicans, C. glabrata and C. tropicalis, respectively. The frequency of
the non-albicans Candida species isolated from women undergoing
IVF-ET is gradually increasing, especially C. glabrata.
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