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Abstract: Candidiasis 1s an opportunistic fungal mfection that has been rsing mn incidence due to the
increasing number of immunocompromised patients. Various species of Candida are able to cause vaginal
mfections i women, but Candida albicans 13 the most common cause of vaginal candidiasis. Identification
of Candida albicans still rely mostly on microbiological culture and biochemical tests that are time-consuming
and requires trained mycologists. This study reports the rapid identification and detection of Candida albicans
directly from high vaginal swabs without prior culture, using nested Polymerase Chain Reaction (PCR). A pair
each of external primers and mternal primers that are complementary to the IPC1 gene were designed. The
specificity of the primers were tested against 4 non-albicans ATCC strains of Candida and also against 2 strains
of baker's yeast (Saccharomyces cerevisiae). Seventy one High Vagmal Swabs (HVS) samples were collected
in which one portion was cultured and subjected to the germ tube test while the other portion was subjected
to direct DNA extraction and nested PCR. Out of 30 culture-positive samples, 19 were detected as C. albicans
via the germ tube test (specificity=81.8%, sensitivity=89.5%, p<0.05) whereas nested PCR detected 21
(specificity=72.7%, sensitivity=94.7%, p<0.05). Among the 41 culture-negative samples, nested PCR detected
26. This study has produced a sensitive method that can detect C. albicans from vaginitis patients without the
need for culturing.

Key words: Candida albicans, vaginitis, nested PCR

INTRODUCTION

Candida albicans is a predominant pathogenic
opportunistic yeast in human beings which may cause
superficial and rarely systemic candidiasis. It mfects
especially immunocompromised patients, surgical
patients, prolonged hospitalized patients and newborn
infants™.

Oral candidiasis has been reported as one of the
earliest and the most frequent infections associated with
AIDS™. The incidence of candidaemia has risen by 219-
487% between 1980-1989 and 1s currently ranked the
fourth most important cause of septicaemia™. It is
reported that the crude mortality rate for invasive or
disseminated canidaemia is 50-80% even after adequate
treatment™. As a consequence of the increased wide
usage of antifungal drugs, in particular the azole group

of drugs, the emergence of azole-resistant Candida
species has been widely reported.

As for vaginal candidiasis, it has been reported that
75% of all women will experience at least one episode of
Candida vaginitis in their life-time!”. Vaginal candidiasis is
caused by C. albicans predominantly (at least 80%),
although other strains of Candida such as C. tropicalis
and C. glabrata, are becoming more and more prevalent™.

Therefore, an early and accurate diagnosis of
C. albicans infection would be critical to allow a prompt
and appropriate treatment in order to improve the
prognosis and m the mean time decrease the unnecessary
use of antifungal drug which can lead to emergence of
drug-resistant strains. However, the current widely
applied conventional methods, which is through culture
followed by morphology identification such as germ tube
or chlamydospore formation tests, are not only time-
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consuming, but are neither specific nor sensitive. In fact,
blood cultures can fail to detect about 25-50% of
dissemmated candidiasis even with the best available
method™.

The Polymerase Chain Reaction (PCR) method is
mcreasingly used nowadays to conquer the weaknesses
of conventional methods. Tt is amenable to most systems,
rapid, sensitive and specific. Furthermore, the GenBank
database has the DNA sequences of a large number of
genes in the yeast and fungal genomes. Hitherto, quite a
number of studies have been conducted in the attempt to
detect and distinguish various Candida species using
PCR-based methods™"", but there is still no report on
direct detection of C. albicans from High Vaginal Swabs
(HVS3) via PCR without the need for culture.

Thus, this study aims to design PCR primers specific
to the genomic sequence of C. albicans, to test for the
specificity of the primers for C. albicans versus other
closely related fungal species and to evaluate the
potential application of the primers for detecting
C. albicans DNA directly from vaginal swab samples.

MATERIALS AND METHODS

Clinical specimens: Subjects were female patients in O
and G clinics of General Hospital Kuala Lumpur and
Hospital Kajang, who complained of vaginal discharge or
itchiness in vaginal area and asymptomatic patients who
need speculum examination. Two Higher Vaginal Swab
samples (HVS) were taken from each patient after
obtaining informed consent. The first swab was placed in
1Iml normal saline (0.9%) while the second swab was
placed m Amies Transport Medium (ATM) with charcoal.

Isolation and characterization of microorganisms from
specimens: Samples in ATM were cultured on Sabouraud
Dextrose Agar supplemented with chloramphemcol
(SCA), Sabouraud Dextrose Agar (SDA) and Nutrient
Agar (NA) respectively, on the same day as samples
collection and incubated at 37°C. The chloramphenicol
supplement was to inhibit bacterial growth. Samples that
grew smooth, creamy, bulging and yeasty-smelling
colonies within 10 days were considered culture-positive.
The germ tube test, which was and still is considered
a simple defimitive test for identification of
Candida albicans, was performed on these samples!'?.
Samples that had negative result for germ tube test were
subjected to the sugar assimilation test for further

identification of Candida speciest'™.

DNA extraction
Culture-positive specimens: A single colony was taken
from each culture-positive sample and grown overmight in
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2 mL of Sabouraud's dextrose broth at 37°C on a shaker.
The cells were harvested the following day by
centrifugation at 5000 rpm for 10 min and the pellet was
resuspended in 1ml of Phosphate Buffered Saline (PBS).
After washing with PBS twice, the pellet was then
resuspended in 500 pl. of lysis buffer and incubated at
37°C for 30 min on a rotary shaker. Twenty-five uL of 20%
SDS and 2.5 pL of proteinase K were added to the pellet
in lysis buffer. The mixture was incubated at 56°C for
60 min for samples kept in ATM and at 37°C for samples
kept in saline. This was followed by boiling at 100°C for
5 mmn. DNA was extracted with 200 pL of phenol-
chloroform-Isoamy! alcohol the upper aqueous phase was
transferred to a clean tube. DNA was precipitated by
adding 1/10 volume of 3 M sodium acetate (pH 5.2) and an
equal volume of 1sopropanol. The DNA pellet was washed
with 250 pl. of cold 70% ethanol and finally resuspended
in 20 pL of sterile distilled H,O.

Specimens in saline/Tris-HCI: Five hundred microlitres
of specimen i saline/Tris-HCl was added with 25 uL of
SDS and 2.5 pL of proteinase K and was then incubated
in a shalker at 37°C for 1 h and followed by boiling at
100°C for 5 min. The remaining steps were the same as
DNA extraction from specimens in ATM after boiling
for 5 min.

Polymerase Chain Reaction (PCR): PCR was performed
using 10 pL (for samples kept in saline) or 1 pL (for DNA
extraction from culture-positive samples) of DNA template
i a final volume of 20 pl. Fmal concentrations of
components of the PCR were: 1xPCR buffer, 3.75 mM
MgCl,, 0.5 pmoles of each primers, 0.125 mM dNTP
mixture and 0.75U Taq polymerase. Amplification was
performed in a thermal cycler (Perkin-Elmer 2400). Hotstart
PCR was done for culture-positive specimens whereas for
direct PCR from HVS samples, nested PCR was performed.
The cycling conditions for first round of nested PCR was
Initial denaturation at 94°C for 5 min, followed by 35
cycles of denaturation at 94°C for 30s, annealing at 52°C
for 30s, extension at 72°C for 1 min and final extension at
72°C for 10 mun. In the second round PCR, 10 uL of the
PCR product obtained from the first round PCR using
outer primers (IPC5{/IPC2r) was diluted 20X and added to
a new reaction mixture with immer primers (IPC3{/IPC4r)
and was reamplified using the same cycling protocol as
the first round.

Specificity and sensitivity tests: Specificity of the
designed primer sets was evaluated using five American
Type Culture Collecton (ATCC) strams of Candida
namely C. albicans (ATCC 14053), C. glabrata (ATCC
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2001), C. tropicalis (ATCC 750), C. krusei (ATCC 6258)
and C. parapsilosis (ATCC 22019) and Sacharomyces
cerevisiae strains 699 and 700 from NCYC (National
Collection of Yeast Culture, UK). For the sensitivity test,
one colony of C. albicans were grown overnight in 2 mL
SDB in a shaker at 37°C. On the next day, serial dilutions
of the culture was performed. In order to determine the
viable cell count for each dilution, a 0.1 mL aliquot was
used to inoculate duplicate SDA plates, then macerated
with a glass spreader and incubated overnight at 37°C. On
the following day, the number of colonies on each plate
arisen from cells of each dilution were scored and the
CFU/mL was calculated. The remaining yeast broth from
each dilution was used for DNA extraction. Nested PCR
uging the IPCSETPCf2r and IPC3fTPC4r primer sets
was done.

Gel elecirophoresis: Amplimers were analyzed by
electrophoresiz on 2% agarose gel {(for PCR products
using IPC1 and P, 4, primers sets) in 1 x TAE buffer (0.04 M
Tris-acetate; 0.01M EDTA) at 60V for 60 min. The results
were visualised over a uv-transilluminator and the
pictures was captured using the Gene Genius Gel
Documentation and Analysis System-Genesnap.

Data analysis: Sensitivity and specificity were analyzed
using 2x2 tables as in Jekel™ Reference method for
. albicans status iz defined as germ tube positive and
IPC1 nested PCR positive, or germ tube positive and
either PCR using I'TS3/TTS4 universal primers as reported
by Fujita ef al." or sugar assimilation positive, or IPC1
nested PCR positive and either PCR using ITS3/TTS4 or
sugar assimilation or positive with nested PCR using a
previously described™ cytochrome P,y primers. The
significance level was evaluated using Fisher’s exact test.

RESULTS

Clinical specimens: A total of 71 samples were collected
from 70 individuals with age ranging from 18 to 61 years
old. Among these individuals, 39 presented with vaginal
discharge, 1 with itchy vagina, the remaining were either
asymptomatic or presented with other symptoms. 30 of
the samples were culture-positive.

Specificity of primers: TheIPCSTIPC2r outer primers and
IPC3H/TPCAr inner primers showed bands of the expected
gizes when tested with the genomic DNA of C. albicans
ATCC 14053 (as shown in Fig. 1). They did not give any
bands when tested with ATCC strains of other Candida
species, namely C. glabrata, C. krusei, C. tropicalis and
. parapsilosis. Neither did they produce any bands
when tested against two strains of 5. cerevesiae, NCYC
699 and NCYC 700. The results indicate that the primer
sets designed were very specific.

4
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Fig. 1: Gel elctrophoresis of PCR products obtained from
the genomic DNA of various Candida species and
Saccharomyces cerevisiae using the designed
IPC1 primers. A, primers used were outer primers
IPCSf and IPC2r; results showed only C. albicans
genomic DNA gave an expected band at 406 bp. B,
primers used were inner primer pair IPC3f and
IPCAr; only the genomic DNA of . albicans gave
an expected band at 200 bp. Lane M - 100-bp
ladder marker, 1- . aibicany ATCC 14053, 2-
. glabrata ATCC 2001, 3- C. krusei ATCC 6258,
4- . fropicalis ATCC 750, 5- C. parapsilosis
ATCC 2019, 6 - 5 cerevisine NCYC 699, 7 -
5. cerevisiae NCYC 700, 8 - negative conirol (no
DNA added)

1: Specificity and sensitivity of germ tube test in detecting C. albicans
compared to reference method

Reference method

negative
2
9

positive
positive 17
negative 2
Specificity = 81.8%, Sensitivity = 89.5%, p<0.05

Germ tube test




In#l. J. Mol Med. Adv. Sci., 2¢3); 239-244, 20046

Fig 2: Gel electrophoresis of PCR products obtained by
nested PCR against a serially diluted culture of C.
albicans ATCC strain. An overnight culture of C.
albicans was serially diluted in Sabouraud
dextrose broth and the DNA extracted from each
gerial dilution was subjected to nested PCR using
IPCSfTPC2r primer pair in the first round and
TPC3L/TP Cdr primer pair in the second round PCR.
M-100 bp ladder marker (Fermentas), 1 - 10°
dilution, 2 - 10°,3 - 10*, 4 - 10°,5 - 10%,6 - 107, 7 -
10%,8 - 10° 9 - 10" dilution; 10 - negative control

Table 2. Specificity and sensitivity of newly developed IPCI nested PCR

in detecting C. albicans compared to reference method
Reference method

negative
3
3

positive
posditive 13
negative 1
Specificity = 94.7%%, Sensifivity = 72.7%, p<0.05

IPC1 nested PCR

Sensitivity of primers: The PCR results for the sensitivity
test is displayed in Fig. 2. In the 107, 10%.10° serial
dilutions, the Candida albicans cell counts were 1, 25 and
168 colonies forming units (CFU)/mL respectively. The
nested PCR method was able to detect all the dilution
series tested upto 10" dilution. Hence, the method is
extremely sensitive and able to detect Candida cells at
lower than 1 CFU/mL.

Culture-positive samples: Among the 30 culture-positive
samples, we were able to detect 19 as C. albicans via germ
tube test whereas 21 were detected as C. albicans via
nested PCR using IPC5{/TPC2r and IPC3fTPC4r. For three
discrepant results that were germ tube-positive but IPC1
nested PCR-negative, we identified two of them as non-
albicans Candida (false positive in Table 1) species and
one (false negative in Table 2) as C. albicans via sugar
assimilation test as well as PCR using ITS3/ITS4 primers.
For 5 samples that were germ tube-negative but nested
PCR-positive as shown, the actual status of two of them
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Fig. 3: Gel electrophoresis of PCR products amplified
from culture-negative samples using nested PCR
with IPC5£TPC2r and IPC31TPC4r primers. Lane M-
100 bp ladder marker. Lanes 1 to 11 are HVS
samples in saline from patients. 1 - p19,2 - pl8,3 -
pl5,4-pl7,5-pl6,6 - p25,7 - p21, 8 - pl3, 9 - p20,
10 - p46, 11 - p52. Lane 12 iz negative conirol

(false negative in Table 1) were C. albicans (one co-
existed together with . glabrata) while three others
(false positive in Table 2) were non-albicans Candida
species. The sensitivity and specificity of the two
methods compared to the reference method are shown in
Table 1 and Table 2.

Culture-negative samples: The remaining 41 out of the 71
samples were culture-negative samples. In order to see
whether these were due to false negative result by culture
method, the newly developed nested PCR was performed
on these samples. In doing this, the sensitivity between
nested PCR and culture were tested. Figure 3 is a
representative result of the gel electrophoresis for the
PCR amplicons obtained from culture-negative samples.
We found that 26 samples were identified by IPC1 nested
PCR as C. albicans. The result was further confirmed by
performing nested PCR using . albicans -specific Pyq
primers (results not shown).

The prevalence of C. albicans species among the
Clandida isolates cultured from the HVS samples
determined via germ tube test (the definitive diagnostic
test for C. albicans) was 26.8%. The non-albicans
Candida species were present in 11 of the samples
(15.5%0). However, the nested PCR method was able to
detect a much higher prevalence of . albicans among the
HVS samples than the germ tube test, even from those
patients who did not show any clinical signs of vaginal
infection, probably because C. albicans existz as
commensal in some of the individuals.

DISCUSSION
The specificity of IPCSf/IPC2r and IPC3fIPCdr

primers were fested with C. glabrata, C. krusel,
. tropicalis, C. parapsilosis, 5. cerevisine 699 and
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S. cerevisiae 700. The results showed the primers were
very specific for C. albicans as no cross-species
amplification was observed. The sensitivity test
performed showed all ten fold serial dilutions gave an
expected band of 200 bp. The ultra-sensitivity of the
method was proven by its detection limit of <1 CFU/mL..
As we had used 35 cycles of amplification for both the
first and second round of the nested PCR, the
amplification may have reached the plateau phase. This
sensitivity is comparable with PCR-ELISA method.

Among the samples that were culture-positive, germ-
tube negative but nested PCR (IPC1) positive, two were
C. albicans (one existed at the same time with
C. glabrata) but three were non-albicans Candida
species. There is a possibility that it 15 a false-positive
result from the nested PCR (IPC1) due to cross-
contamination from true-positive samples, or the samples
could have had C. albicans presented together with non-
albicans Candida species but the C. albicans colomes
were undeliberately not picked from the mixed culture
when doing germ tube test. As there is no gold
standard method for identification of C. albicans, we
had arbitrarily assigned a sample as C. albicans-positive
if 1t fulfilled two of the tests as outlined in the methods.
We surmised that the sensitivity and specificity of the
TPC1 nested PCR would be even higher than what we
currently report if the true C. albicans status of each
sample were known.

For the 26 culture-negative but nested PCR (TPC1)
positive samples, nested PCR using the C. albicans-
specific P,;, primers™ verified the C. albicans status.
This clearly indicated that the IPC1 nested PCR method 1s
more sensitive and specific than the conventional
morphology-based 1dentification method.

The prevalence of Candida species
C. albicans was the predominant species m HVS. This 1s
in concordance with the results reported universally. The
nested PCR (TPC1) study showed 67.7% of the subjects
presented with C. albicans. Nonetheless, whether the C.
albicans acts as a commensal or a pathogen in these
women cannot be ascertained since high sensitivity of the
nested PCR method is able to detect minute quantities of
C. albicans DNA even In asymptomatic womern.

showed

CONCLUSION

In conclusion, we have successfully developed a
PCR assay to simultaneously detect and identify the most
predominant species of Candida directly by species-
specific amplification of the IPC1 gene. To our knowledge,
we reported here for the first time the ability to detect C.
albicans DNA directly from HVS without the need to
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culture, which means mixed organisms in the samples
does not affect the reliability and efficiency of the PCR
method. The ability to distinguish C. albicans from other
Candida species is potentially useful because C. krusei
and C. glabrata are emerging species that are innately
less susceptible to azole drugs and were implicated as the
causal agents for recurrent vaginitis. For future work, it is
suggested that primers specific for other Candida species
are designed from the TPC1 gene and applied using the
multiplex PCR method for rapid and simultaneous
identification of various Candida species.
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