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In this report, 500 clinical isolates of Canpbipa ALBicans originated from patients’ body sites (vaginal,
rectum, tongue and pharynx) and samples (stool, urine) in Yangzhou-located region were selected,
screened and characterized. C. aLsicans DNA fragments spanning a potential transposable group |
intron-containing region in 25S r DNA were amplified by polymerase chain reaction (PCR), cloned,
sequenced and analyzed. Based on the DNA band, size and sequence data, they could be classified into
three genotypes: genotype A (365 strains), genotype B (83 strains) and genotype C (52 strains).
Sequence alignment analysis indicated that genotype B contained the conserved sequence element P,
Q, R and S of group | intron, genotype C only harbored sequence element P and Q, while genotype A
lacked these characteristic element sequences. 80 isolates covering the three genotypes were further
selected to perform the N viTRoa gIcans. a@ntibiotics susceptibility test. The results indicated that
strains of genotype A were much less susceptible to flucytosine than either strains of
genotype B or genotype C. But no regularity was observed between the susceptibility of C. ALBicans
isolates to azoles, and to amphotericin B. To our knowledge, this is the first report about the prevalence
and antibiotics susceptibility of Chinese-based C.
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INTRODUCTION

Candida albicans, is a commensal of human microflora,
residing at oral cavity, gastrointestinal tract, vaginal and
urinary environments (Pfaller and Diekema, 2007), but in
some cases, it worked as a conditioned pathogen. Since
the early 1980s, fungi including Candida albicans have
emerged as attention causes of human disease,
especially among the immunocompromised and those
hospitalized patients with serious underlying disease
(Fridkin, 2005; Segal et al., 2006). Fungal diseases have
emerged as important public health problems (Martin et
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al., 2003). McNeil et al. (2001) reported that Mycoses led to
a dramatic increase in multiple-cause mortality and the
majority of these Mycoses-related deaths were associated
with Candida, Aspergillus and Cryptococcus sp. infection. In
particular imimmunocompromised individuals related to the
fungi including C. albicans infection, whose numbers are
constantly increasing due to organ transplant, chemotherapy
and to the prevalence of AIDS and Hepatitis C (Pfaller and
Diekema, 2007).

Genotyping is significantly important for the
epidemiolog of C. albicans, including recognizing
outbreaks of infection, detecting cross-transmission,
determining the source of the infection, recognizing
particularly virulent strains if any, or detecting the
emergence of drug resistant strains (Garcia-Hermoso et
al., 2007). Several methods have been developed to



differentiate C. albicans strains. Strain typing techniques
such as electrophoretic karyotyping, restriction length
polymorphic DNA with hybridization with a C. albicans-
specific probe, and random amplified polymorphic DNA
(RAPD) have been employed elsewhere (Soll, 2000).
Recently, several new techniques have been explored to
genotype the C. albicans, for examples: Polymerase
chain reaction Melting Profile (PCR MP) (Krawczyk et al.,
2009), high-resolution DNA melting (HRM) analysis
(Costa et al., 2010), ultilocus sequence typing (MLST),
microsatellite length polymorphism (MLP) (Garcia-
Hermoso et al., 2007).

Although some genotyping techniques show high
discriminatory potential at strain level, they are time
consuming or highly expensive. A PCR-based method
with specific primers to amplify the regions of the
transposable group | intron of 25S rDNA gene was
developed by MuCullough et al. (1999). This technique is
easy and quick to be performed with low cost. In this
study, 500 clinical C. albicans isolates originated from
Yangzhou, Jiangsu Province, China were genetically
subtyped with this method, and the antifungal
susceptibility test was performed with a broth
microdilution method performed according to the NCCLS
(1997) recommendations.

MATERIALS AND METHODS

Isolates of C. ALBICANS

640 clinical specimens were collected in Gynecological Department
and Dermatology Department of Clinical Medical School, Yangzhou
University from June 2009 to June 2010. Sterile Dacron swabs
were used to pass several times across the surface of the vaginal
canal, rectum, back of tongue, and pharynx. The samples were first
cultured on Sabouraud agar for 48 h at 30°C. After first screening,
they were further grown on CHROMagar Candida. In total 500
isolates of them were identified as C. albicans on the basis of their
cultural and morphological characteristics such as colony color on
CHROMagar Candida, chlamydospore formation and character on
cornmeal agar and API20C system. Among them 220 isolates were
from the patients with vulvovaginal Candidasis, the other 280
isolates came from the sputum, stool, urine of the inpatients and
outpatients in hospitals. Single colony of all the isolates were
selected from Sabouraud agar plates, and incubated at 37°C for 48
h, and then stored at 4°C before DNA extraction.

DNA extraction

For each isolate, the DNA genome was extracted with the following
protocol. C. albicans of single colony was inoculated into 3 ml liquid
YPD (1% yeast extract, 2% dextrose, 2% Bacto Peptone) and
incubated at 30°C overnight with shaking. The cells were collected
by centrifugation at 13000 x g for 1 min. After washing twice with
sterile water, the cells were resuspended in 0.4 ml DNA extracting
buffer (75 mM NaCl, 25 mM EDTA, 20 mM Tris-HCI, pH 8.0), 100 pl
lyticase and incubated at 37°C for 2 h. Then 50 pl 10% SDS and 5
ul Proteinase K were added, and then the mixtures were incubated
at 55°C for 3 h. During the incubation period, vortexes were needed
for several times. 200 pul 5 M NaCl and 750 pl chloroform-isoamyl
alcohol (24:1) were added. After violently vortex the solution was

centrifuged at 13000 x g for 10 min and the supernatant containing
the genome was collected. The genome were precipitated with 0.5
ml ice-cold isopropanol at -20°C for 30 min and centrifuged at
13000 x g for 5 min. The DNA was washed with 70% ethanol,
vacuum dried, resuspended in 50 pl sterile ddH»0, and stored at —
20°C.

PCR and genotyping the isolates

All C. albicans isolates were typed by amplifying a specific DNA
fragment located in the 25S rDNA bearing the potential Group |
introns. According to the criterion, the PCR fragments of the strains
with a band of 450bp were designated as genotype A, with a band
of 840bp as genotype B, and with bands of both 450 and 840 bp as
genotype C. The sequences of PCR primers, described previously
(MuCullough et al.,, 1999), were showed as follows, CA-INT-L
(forward): 5-ATAAGGGAAGTCGGCAAAATAGATCCGTAA-3’ and
CA-INT-R (reversr): 5-
CCTTGGCTGTGGTTTCGCTAGATAGTAGAT-3'. Amplification
reactions were performed in a volume of 25 pl containing 2 pl
(~1ng) diluted DNA genome template, 2.5 pl 10x PCR buffer (10
mM Tris-HCI, pH 8.3, 50 mM KClI, 2.5 mM MgCly), 0.2 mM (each of
the four) dNTP, 0.5 mM (each) primers and 0.5 U Tag DNA
polymerase (Takara Biotechnology (Dalian) Co., Ltd.). Amplification
conditions of PCR were denaturated at 96°C for 5 min, followed by
25 cycles of 94°C for 30 s, 55°C for 30 s, and 72°C for 30 s, and
then a final extension step of 72°C for 10 min. An aliquot of 5 pl of
the PCR product was analyzed with 1% agarose gel to visualize the
amplicons after staining with ethidium bromide.

Sequencing of amplicons and analysis of sequence data

Each of the 10 representative isolates of genotype A, B and C were
randomly chosen to amplifiy the specific PCR fragments, and the
fragments were purified with a purification kit (Tiangen), ligated into
pMD-19 simple T vector (TaKaRa) according to the manufacturer’s
instructions and then transformed into Escherichia coli DH5a and
screened by a standard procedure. Two recombinant clones for
each isolate were selected for sequencing by commercial service
(Shanghai Sangon Biological Engineering Technology and
Services). The obtained DNA sequences were analyzed by
alignment compared to the reference strains through BLAST.

Antifungal susceptibility testing

To provide a spectrum of medical fungi related to the target clinical
species, a total of 80 C. albicans isolates were analyzed, including
32 isolates of genotype A and 24 isolates of genotype B and
Genotype C, respectively.

The susceptibilities in vitro to fluconazole, itraconazole,
ketoconazole, flucytosine and amphotericin B were performed by
the NCCLS M27-A. Testing in RPMI 1640 (Gibcobrl, USA) buffered
to pH 7.0 with 0.165 mol/l 3-(N-Morpholino) Propane Sulfuric Acid.
Stock solutions of drugs were prepared in domethul sulphoxide
(itraconazole, ketoconazole and amphotericin B), and water
(fluconazole and flucytosine). Serial dilutions of each antifungal
agent and yeast inoculation were prepared exactly as outlined in
the NCCLS document (NCCLS, 1997). The final concentrations of
the antifungal agents ranged from 64 to 0.125 ug/ml for fluconazole
and flucytosine, from 32 to 0.0625 ug/ml for itraconazole,
ketoconazole and amphotericin  B.  Minimum inhibitory
concentrations (MICs) for fluconazole, itraconazole, ketoconozole
and flucytosine were defined as the first concentration at which
growth inhibition was 280% compared to that in the control (drug—
free) well. MIC for amphotericin B was defined as the first



Figure 1. Profiles of the PCR-amplified DNA band for the criterion of
genotyping clinical isolates of C. albicans.

Table 1. Genotyping of 500 clinical C. albicans isolates.

Sources of samples

Genotypes - -

Vaginal Rectum Tongue Stool Urine Sputum Pharynx
Genotype A 109 (75.7%)9 72 (86.7%) 17 (60.7%) 65(74.7%) 36 (70.6%) 64 (71.9%) 12 (66.6%)
Genotype B 35 (24.3%) 11 (13.3%) 5(17.8%) 14 (16.1% ) 11(21.6%) 16 (18.0%) 3 (16.7%)
Genotype C 0 (0%) 0 (0%) 6 (21.5%) 8(9.2%) 4(7.8%) 9 (10.1%) 3 (16.7%)
Total 144 83 28 87 51 89 18

§ratio of isolation.

concentration at which no growth was detected. Azole susceptibility
patterns were defined according to the NCCLS criteria (NCCLS,
1997). Candida albicans ATCC 09, and Candida albicans ATCC 19
were used as quality controlled strain in each run of the experiment
(kindly provided by Professors Jiajun Wang, Qianggiang Zhang,
Shanghai Huashan Hospital, China).

RESULTS

The clinical isolates of C. aLicans containing three
genotypes

From a total of 640 samples, 500 isolates of C. albicans
were identified and kept. According to the criterion for
genotype in, strains with only one band of 450bp were
designated as genotype A, with one band of 840bp as
genotype B, and with bands of both 450bp and 840bp as
genotype C. Examples of these profiles in agrose gel
electrophoresis are illustrated in Figure 1. All the clinical
isolates could be separated into three genotypes, and
other DNA types were not observed in this study. In

addition, C. albicans of the three genotypes could be
isolated from the samples of different origins with various
frequencies. Genotype A was the most common type with
a high ratio of isolation of 86.7 and 75.7% from the
rectum and vaginal, respectively. The percentage for the
isolation of genotype C was lower than the other two
types, and it could not be found from the rectum and
vaginal. But it could be isolated from tongue, pharynx and
sputum with a higher frequency than genotype B. The
distribution of genotypes was showed in Table 1.

Amplified sequences of genotype A, genotype B and
genotype C

The amplified products selected from the three genotypes
of C. albicans were sequenced and compared with each
other. The results showed that genotype B contained
conserved elements of group | introns, including P region
(GGTACGGGGAAG), Q region (AMATCCCGTGG). R
region (TCGTAGAGACGGA) and S region
(AAGGTACGTG), genotype C only contained P and Q



Table 2. Antifungal susceptibilities of the selected C. albicans isolates.

Mean
Antifungal agent Genotype MIC (ug/mi) MIC
264 =232 32 16 8 4 2 1 05 025 0425 <0125 <0.0625

Genotype A (32)" 2 N 1 2 303 7 71 71 N 0 N 7.32

Fi I
uconzote Genotype B (24) 0 N 0 0 0 44 4 4 8 N 3 N 0.85
Genotype C (24) 2 N 0 0 1.2 4 6 5 4 N 0 N 6.73
Genotype A (32) 2 N 1 3 1. 73 5 1 3 N 5 N 8.03
5-flucytosine Genotype B (24) N 0 0 0 00 2 4 3 N 14 N 0.27
Genotype C (24) 0 N 0 0 0 00 3 2 N 10 N 0.31
ltraconazole Genotype A (32) N 1 N 0 0 30 2 23 N 0 1.81
Genotype B (24) N 0 N 0 0 03 2 9 5 N 1 0.60
Genotype C (24) N 1 N 0 0 03 3 7 6 N 1 1.94
Ketoconazole Genotype A (32) N 2 N 0 1 4 3 2 0 11 N 4 2.68
Genotype B (24) N 1 N 0 2 01 3 4 6 N 4 2.84
Genotype C (24) N 0 N 1 020 1 4 6 N 5 1.23
Genotype A (32) N 0 N 1 0 22 5 2 12 5 N 2 1.08
Amphotericin B Genotype B (24) N 0 N 0 001 4 1 2 6 N 0 0.53
Genotype C (24) N 1 N 0 0 00 3 8 6 4 N 2 1.71

*Number of selected isolate for the test, N: Not used criterion.

regions, not contained R and S regions, indicating that
intron was partially present throughout genotype C
genome. Genotype A lacked these characteristic element
sequences described earlier.

Relationship between genotypes and antifungal
susceptibility

According to the analysis with a method of Multiway
ANOVA, among the five antibiotics dugs of fluconazole,
flucytosine, ketoconazole, itraconazole amphotericin B,
the susceptibility of the tested isolates to flucytosine has
a significant difference (P<0.05). Namely, there are
differences among the susceptibilities of the three
genotypes of C. albicans to flucytosine. Analysis by a
two-sample t test indicated that the C. albicans genotype
A was significantly less susceptible to flucytosine than
genotype B and C (both P<0.05). However, to the
susceptibility of genotype B and genotype C to
flucytosine, there was no statistical difference (P>0.05).
The distribution of the MICs of the isolated C. albicans to
the five antifungal agents was presented in Table 2.

DISCUSSION

C. albicans is the most frequent isolated causative agent

of Candida infection in humans and is generally accepted
as the main pathogenic species of the genus Candida
(Coleman et al., 1998). With the increasing numbers of
candidiasis, molecular typing provide fundamental
techniques for studying the epidemiology of C. albicans
and developing rational therapeutic strategies
(Lischewski et al., 1999; Redding et al., 1999). Analysis
of group | intron region in 25S rDNA gene is a rapid and
simple typing method with high discriminating power and
reproducibility, requiring little material (Millar et al., 2002).
In this study, the prevalence of C. albicans in Yangzhou
area of China from 2009 to 2010 was investigated.
Totally, 500 isolates of C. albicans in Yangzhou area,
China was obtained from clinical specimen with a
standard method. And a pair of PCR primers designed to
amplify a region of 25S rDNA gene bearing a potential
group | intron-containing was used to genotype the
isolates. Based on the previous criterion reported
(McCullough et al.,, 1999), the 500 isolates could be
differentiated into three genotypes (genotype A,B and C)
on the basis of the length of the amplified PCR product.
No atypical profile types were found including the
genotype E which was found in Japan (Tamura et al.,
2001). Our data showed that 365 of the 500 isolates were
characterized into genotype A (accounting for 75.0%),
while genotype B and C were accounting for 19 and 6%,
respectively. The distribution in the three genotypes was
similar with those reported by Tamura et al. (2001) and



McCullough et al. (1999). Our study also found that
isolates of genotype C were mainly isolated from mouth
and pharynx, but further study was required to elucidate
the relationship between genotype and body site.

Sequence analysis indicated that the 450 bp in 25S rDNA
gene of C. albicans was very conserved. There was only
one base difference between the genotype A and C.
Genotype B contained the conserved sequence elements
(P, Q, R, S), but genotype A completely lacked these
conserved elements, and genotype C only harbored part
sequence, the conserved elements (P, Q). It has been
postulated that there was a possible horizontal transfer of
the group | intron from genotype C to genotype B or from
genotype C to genotype A (McCllough et al., 1999).

Many genotyping methods mainly focused on the study
of the cloning origin of C. albicans and the patterns of
transmission. Little is focused on the relationship between
the genotyping and virulence. Jain used RAPD analysis
technique to differentiate the fluconazole-resistant strains
of C. albicans from the fluconazole-sensitive stains (Jain
et al., 2001). Early reports demonstrated that there was
correlation between the group | intron in the 25S rDNA of
C. albicans and the susceptibility to 5-fluorocytosine
(Mercure et al., 1997). Our results of the antifungal
susceptibility testing showed there were differences
among the antifungal susceptibilities of genotype A, B
and C to 5-fluorocytosine. And C. albicans of genotype B
and C were more susceptible to flucytosine than
genotype A, but no differences were found in the
antifungal susceptibilities of genotype A, B and C to other
four antifungal agents.

The classification of genotypes employing this PCR
relies on the presence of group | intron of varying size in
the 25S rDNA, and group | intron has self-splicing
capability which is necessary for the formation of mature
25S rRNA (Mercure et al.,, 1993). The self-splicing
capability can be inhibited by base analogs (Mercure et
al., 1997), so the strains harboring group | intron will be
more susceptible to base analogs, such as flucytosine.
The antifungal mechanisms of azole drugs and
amphotericin B are different from flucytosine, therefore
there was no association between the presences of group
| intron in the 25 S rDNA of C. albicans and strains
susceptibility to azoles and amphotericin B, and reliable
markers of drug sensitivity or resistance should be sought
in the future. It would be beneficial in selecting a proper
antifungal drug for therapy.
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