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Currently, mixed infections involving Candida albicans and Candida krusei have become increasingly common in
cases of invasive candidiasis. Accurate identification of Candida species using polymerase chain reaction (PCR) is
crucial for effective management, as timely and appropriate antifungal therapy is essential. Real-time PCR using

the double-stranded DNA binding intercalating dye, offers several advantages over TagMan chemistry, as it does
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not require the synthesis of specific probes, making it a more accessible option. In this study, we developed and
evaluated specific primers, Ca2 and Ca3, targeting the ITS1/ITS2 regions of C. albicans and C. krusei, respectively,
using intercalating dye SYBR Green chemistry. Our results demonstrate that the Ca2 primer specifically detects C.
albicans, while the Ca3 primer accurately identifies C. krusei in both pure and mixed samples. Furthermore, the
sensitivity of these primers remained consistent across both pure culture and blood samples, with the detection limit

of the Ca2 primer pair ranging from 10 to 100 CFU/ml and the Ca3 primer pair ranging from 100 to 1,000 CFU/ml.
Future work should focus on evaluating these primers in multiplex assays to further enhance their diagnostic utility.

INTRODUCTION

Candida species are commensal fungi capable of
causing invasive infections in immune-impaired patients.
These infections pose a significant threat to patients’ lives, as
shock sepsis and misdiagnosis can occur [1,2]. Globally, it is
estimated that invasive candidiasis causes 1.5 million deaths
per year. Although the mortality rate is unknown, approximately
60,000 cases of invasive candidiasis occur annually [3,4].
Candida albicans, Candida glabrata, Candida krusei, Candida
tropicalis, and Candida parapsilosis are the most common
Candida species reported responsible for more than 90% of
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invasive candidiasis cases [5,6]. Furthermore, several studies
have reported that invasive candidiasis can occur as a mixed
yeast infection [7,8].

A multicentric study has analyzed the combination of
mixed yeast infection in invasive candidiasis, which indicated
that the most frequent combinations were C. albicans/C.
glabrata, C. albicans/C. parapsilosis, C. glabrata/C. tropicalis,
and C. albicans/C. krusei [9]. The challenge of managing
mixed yeast infections clinically is considering the sensitivity
of each species to antifungal drugs. Additionally, managing
C. albicans/C. krusei mixed yeast infections are more difficult
compared to other combinations if C. krusei is not detected, as
it has high resistance against the azole group and amphotericin
B, which are first-line therapy options [9,10]. Thus, one of
the keys to mix-yeast successful management is the accurate
identification of the Candida species and the selection of the
correct antifungal drug.

© 2025 Robiatul Adawiyah er al. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International License

(https://creativecommons.org/licenses/by/4.0/).
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Candida albicans is a rapidly growing and dominant
fungus that suppresses the growth of other fungal species.
As a result, in clinical scenarios involving mixed infections,
the detection of other Candida species may be challenging,
potentially leading to therapeutic errors. Currently, the culture
methods remain the standard laboratory tools for the detection
of candidiasis. However, these methods have limitations,
including low specificity and sensitivity, and require a prolonged
time to yield results. Furthermore, culture methods are genus-
specific, which complicates the detection of mixed infections.
Non-culture diagnostic methods, such as antigen/antibody
tests, B-D-glucan assays, and polymerase chain reaction (PCR),
are also used. It is important to note that while antigen and
antibody detection methods, as well as f-D-glucan assays, can
indicate the presence of invasive fungal infections, they do not
specifically confirm invasive candidiasis [11,12].

The real-time polymerase chain reaction (qPCR)
can offer alternative and specific tools for candidiasis
detection, especially in mixed yeast infection samples. gPCR
can be performed using either TagMan probe methods or
intercalating dye methods. TagMan probe methods are more
expensive compared to intercalating dye methods, which are
widely available, practical, and more cost-effective [13,14].
Pathogenic fungi can be identified using the internal transcribed
spacer (ITS) which are ITS-1 and ITS-2 regions as molecular
targets [15]. However, PCR detection of Candida with primer
pairs often lacks specificity and tends to amplify environmental
contaminants such as Aspergillus, which can lead to false-
positive results in PCR tests [16]. Therefore, the development
of species-specific primers for Candida, especially in mixed
infection conditions, is necessary. To address this issue, we
report the detection of C. albicans/C. krusei mix-yeast by
singleplex SYBR-green-based qPCR using designed primers
targeting ITS1/ITS2.

MATERIALS AND METHODS
Microorganisms and biological material

The Candida species used in the current study were
as follows: C. albicans (UICC Y-29), which was obtained from
the biology department of Universitas Indonesia; C. krusei
(ATCC 6258), C. glabrata (ATCC 66032), and Candida kefyr
(FNCC 3035), which were obtained from the Food and Culture
Collection of Universitas Gadjah Mada, Indonesia; Candida
dubliniensis (InaCC Y521) and Candida rugosa (InaCC Y45),
which were obtained from the Indonesia culture collection
of the national research and Innovation agency of Indonesia;
Candida tropicalis, Candida parapsilosis, Candida haemulonii,
Candida auris, and Candida guilliermondii were clinical
isolates kindly obtained from the parasitology department of
the faculty of medicine, Universitas Indonesia; Aspergillus
niger is a laboratory strain obtained from the microbiology
department of the faculty of pharmacy, Universitas Indonesia;
and Malassezia globosa (ATCC 96807). All the microorganisms
used in the current study were confirmed by Vitex analysis and
further amplified by qPCR using the reference pan-primer
designed by Zhang et al. [16]. For the spiking method, whole-
blood materials obtained from the Indonesian Red Cross were
also used.

Ethical approval

The protocol and use of whole-blood materials have
been approved by the Research Ethics Committee of the Faculty
of Medicine, University of Indonesia, with approval number
KET-1670/UN2.F1/ETIK/PPM.00.02/2023.

Microscopic observation of Candida sp

Microscopic identification of Candida sp. was
performed by isolating a single colony from the medium and
then transferring it onto a glass slide that had been pre-treated
with distilled water and lactophenol blue. The preparation was
covered with a coverslip and observed under a microscope at
magnifications of 1,000 x using Olympus CX23.

Primers

The primer pairs were designed by pairwise alignment
of the ITS sequences of C. krusei (OL351344.1) and C. albicans
(AJ249486.1) derived from GenBank (https://www.ncbi.nlm.
nih.gov/genbank/) using Clustal Omega (https://www.ebi.ac.uk/
Tools/msa/clustalo/). The obtained primers (Table 1) were further
checked for specificity using the Basic Local Alignment Search
Tool  (https://www.ncbi.nlm.nih.gov/tools/primer-blast/) and
for their characteristics using the Sequence Manipulation Suite
(http://www.bioinformatics.org/sms2/pcr_primer_stats.html).

Specificity

The DNA of all Candida sp, A. niger, and M. globosa
were extracted using Presto™ DNA extraction kit (Geneaid,
Taiwan) as the protocol was following the kit, respectively. Prior
to the research, as a positive control, all DNA templates were
also amplified using a reference primer named pan-Candida
which referred to Zhang et al. [16] respectively with the forward
primer is CAACGGATCTCTTGGTTCTC and reverse primer
is CGGGTAGTCCTACCTGATTT, respectively. The negative
controls were also included in all experiments to ensure that any
observed amplification was due to the specific target and not
due to contamination or non-specific reactions. These negative
controls consisted of reactions with all PCR components except
the target DNA during the research.

In brief, each reaction consisted of a total volume of
20 pl containing 10 pl of Thunderbird™SYBR™qPCR mix,
1 pl of each forward and reverse primers, 3 pl of nuclease-
free water, and 5 pl of template DNA. The amplification was
performed using Real-Time Quantitative Thermal Cycler
(Molarray MA-6,000, China), detected by intercalating dye

Table 1. Sequences of oligonucleotides used in this study.

Primer Target gene Sequence Amplicon size

5’-CCAGAGGTCT

Ca2 Forward ITS-1 C. albicans AAACTTACAACC-3’

~276
. 5’-TCAAGCAAACCC
Ca2 Reverse ITS-2 C. albicans AAGTCGT3
. 5’ -CGACAAGAGA
Cc3 Forward  ITS-1 C. krusei AATCTACGAA- 3° 2o

5’ -AAAGTCTAGTT

ITS-2 C. krusei CGCTCGG- 3

Cc3 Reverse
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THUNDERBIRD™SYBR™gPCR Mix (Toyobo, Jepang). The
PCR thermal cycle was set as follows: 95°C, 30 seconds for
1 cycle; 95°C, 15 seconds followed by 55°C, 30 seconds and
72°C, 30 seconds for 40 cycles; with final dissociation at 94°C,
30 seconds follow by 60°C for 90 second and 94°C, 10 seconds
for 1 cycle. Melting curve analysis was performed by increasing
the temperature (Tm) gradually to 1°C from 60°C to 95°C.
Three independent experiments, each single were performed.
To confirm the PCR result, The obtained Amplicons were also
gel electrophoresis in 2% agarose gel containing 0.01% v/v
gel red (Biotium, USA) at 100 V for 40 minutes. The expected
amplicon size amplified by designed primers for C. albicans is
276 bp and for C. krusei is 296 bp.

Each design-primer pair were further evaluated for its
specificity into each DNA of tested candida sp., A. niger, and M.
globosa DNA and a mix of'it. The negative controls consisting of
reactions with all PCR components except the target DNA during
the research, were also added. The reaction consisted of a total
volume of 20 pl containing 10 pl of Thunderbird™SYBR™qPCR
mix, 1 pl of each forward and reverse primers, 3 pl of nuclease-
free water, and 5 pl of template DNA. The amplification were
also performed using Real-Time Quantitative Thermal Cycler
PCR (Molarray MA-6,000, Cina) and detected by intercalating
dye THUNDERBIRD™SYBR™qPCR Mix (Toyobo, Japan).
The PCR thermal cycle was set as follows: One cycle of 95°C
for 30 seconds; 40 cycles of 95°C for 15 seconds followed by
60°C (Ca2 primer) or 58°C (Cc3 primer) for 30 seconds and
72°C for 30 seconds. Melting curve analysis and electrophoresis
gel were also performed as explained above. Three independent
experiments, each single were performed.

Assay sensitivity

The assay’s analytical sensitivity was assessed
using seven consecutive tenfold dilutions of C. albicans or
C. krusei with known titers of 1,4 x 107 Cfu/ml and 9,8 x

10¢ Cfu/ml, as determined through culture methods. Three
independent experiments each in a single of the diluted
samples were conducted using the protocol as follows: each
reaction consisted of a total volume of 20 pl containing 10
ul of Thunderbird™SYBR™qPCR mix, 1 pl of each forward
and reverse primers, 3 pl of nuclease-free water, and 5 ul of
template DNA. The negative controls consisted of reactions
with all PCR components except the target DNA during the
research, were also added, respectively. The PCR thermal
cycle was set as follows: One cycle of 95°C for 30 seconds;
40 cycles of 95°C for 15 seconds follow by 60°C (Ca2
primer) or 58°C (Cc3 primer) for 30 seconds and 72°C for
30 seconds.

Furthermore, the design-primer pair sensitivity in
biological samples were evaluated by spiking 103, 10%, 10!, and
5 Cfu of C. albicans or C. krusei into 1 ml of whole blood. The
DNA contained on the spiking-blood was further extracted by
Presto™ DNA extraction kit (Geneaid, Taiwan) as the protocol
following the kit, respectively. The qPCR and thermal cycle
were set up as explained in the specificity evaluation test above.
Three independent experiments, each in single were performed.

Statistical analysis

The mean and standard deviation of Tm value were
calculated from three independent experiments using Microsoft
Excel, respectively.

RESULTS

Despite the Candida species used in the current
experiment being derived from reputable and certified
institutions, microscopic confirmation is necessary. Prior to the
research, these Candida species were evaluated and compared
with existing literature. The observations, as illustrated in
Figure 1, align well with those reported by Walsh et al. [17].
It is important to note that hyphae or pseudohyphae were not
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Figure 1. The microscopic observation of Candida sp. used for primer evaluation. The picture were taken by 1,000 X magnification.
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Figure 2. The specificity of each primer pair towards targeting specific Candida species. A) The melting curve of the amplicon produced by primer Ca2, showing
a similar Tm value of approximately 83.58°C for the mixture of Candida species (black) and C. albicans (red); B) The melting curve of the amplicon produced by
primer Cc3, indicating a Tm value of approximately 88.18°C for the mixture of Candida species (black) and C. krusei (yellow); C) The melting curve of the amplicon
amplified by pan-primer pairs as a control, displaying Tm values ranging from 82 to 84°C. The detection of M. globosa and A. niger using primer pairs Ca2 and Cc3
was conducted separately, with the amplification curves provided in supplementary data 1, respectively.
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Figure 3. The analytical sensitivity of the primer Ca2 in detecting C. albicans.
A) The amplification curve for C. albicans, with cycle number plotted against
fluorescence intensity, using serially tenfold diluted samples, of known titer of
C. albicans (1,32 x 107 Cfu/ml), ranging from 10 to 10° fold dilution. Three
independent experiments each in single were conducted, following the optimal
SYBR green-qPCR protocol; B) The melt curve of the amplified product from
the serially diluted C. albicans sample . The melting curve analysis revealed
a distinct peak at a Tm of approximately 83.6°C, except for the 10¢ fold
dilution and negative control; C) The results of 2% agarose gel electrophoresis,
demonstrating the presence of a band only in samples diluted from 10' to
103, respectively. Negative control were shown as green line in Figure 3A,
respectively.

Figure 4. The assay analytical sensitivity of primer Cc3 in detecting C. krusei.
A) The amplification curve shows the cycle number versus fluorescence of
serially tenfold diluted of known C. krusei titer (9,8 x 10° Cfu/ml), ranging
from 10 to 10° fold dilution. Three independent experiments each in single
were conducted using the optimal SYBR green-qPCR protocol. B) The
melting curve of the amplified product displays a unique peak at a melting
Tm of approximately 88.6°C only for dilutions of 10'-10* of C. krusei; C) 2%
agorose gel electrophoresis of the amplicon reveals the presence of a band only
at dilutions of 10'-10*, respectively. Negative control were shown as blue line
in Figure 4A, respectively.
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Table 2. The assay sensitivity of each primer in amplifying each target.

Dilution Primer Ca2 for C. albicans detection Primer Cc3 for C. krusei detection
(fold) Ct Tm Ct Tm

10 22.66+3.91 83.43+£0.34 22.8+3.05 88.53+£0.25
10? 24.74 +1.96 83.35+£0.45 28.06 +0.8 88.25+0.31
10° 28.49 +£2.21 83.47+0.28 31.14+1.01 88.38 +£0.37
10 31.9+1.25 83.47+0.28 35.05+0.2 88.50 + 0.60
10° 33.75+0.83 83.5+0.28 3536+ 0.0 74.0+0.0
10° 36.75+0.26 75.87 £2.65 - -

Note: Titer of C.albicans was 1,4 x 107 Cfu/ml and C. krusei was 9,8 x 10° Cfu/ml. The data presented as mean value + Standard deviation derived from three

independent experiment each in single, respectively.
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Figure 5. The Assay sensitivity of primer Ca2 for C.albicans and Cc3 for C. krusei detection in biological matrix. A) The amplification curve for C. albicans and;
D) C. krusei (cycle number versus fluorescence). Three independent experiments were performed each in single, using SYBR green-qPCR protocol; B) The Melting
curve of amplified product by primer Ca2 showed unique peak at Tm of ~83,31°C at 10%, 10°and 10? Cfu in 1 ml blood ; E) at Tm of ~88,6°C for amplicon produced
by primer Cc3 at 10*and 10° Cfu in 1 ml blood; C) The 2% agarose gel electroforesis as visual representative of amplicon ampilified by Ca2 primer and; F) by Cc3

primer, respectively.
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observed in some Candida species due to the relatively short
incubation time of approximately 48 hours.

The in vitro specificity evaluation of each primer
was performed into 10 candida species that commonly infect
humans including C. albicans and C. crusei. As the positive
control the pan primer (5.8S-1F/28S-1R), developed by Zhang
et al. [16], was used. The result showed that Ca2 primer pairs
and Cc3 primer pairs produced amplicon with the unique Tm
value (~ 83°C for C. albicans amplicon and ~88°C for C.
krusei) as can be seen in Figure 2 and Supplementary data 1,
meanwhile pan primer able to detect all tested fungi, except C.
guiliermondii and C. tropicalis, respectively.

Further, in order to obtain assay sensitivity, the
amplification were performed into serial dilution of C.
albicans (1,4 x 107 Cfu/ml) or C. krusei (9,8 x 10° Cfu/ml).
It was observed that C. albicans shown positive results on all
tested dilutions (Fig. 3A). However, the melting curve analysis
indicated the unspesific amplicon at a dilution of 10¢fold dilution
(14 Cfu/ml) as the Tm value peak at ~76, respectively (Fig. 3B).
Visualization of amplicon can be seen at Figure 3C. In addition,
the occurrence of amplification curve and specific Tm value of
C. krusei was only observed until 10*times dilution (980 Cfu/
ml) (Fig. 4A and B) as amplicon visualization can be seen on
Figure 4C. The summary of Ct and Tm value of each primer in
amplifying its target can be seen at Table 2, accordingly.

The primer sensitivity in detecting C. albicans and C.
krusei in biological samples was also evaluated by spiking each
Candida sp. into the whole blood. The result indicated that Ca2
primer and Cc3 could detected up to 100 Cfu/ml of C. albicans
and 1,000 Cfu/ml C. krusei in 1 ml of whole blood. The result is
represented in Figure 5A, B, and C, respectively.

DISCUSSION

Currently, the culture and hystophatology methods
still remain the gold standard for invasive candidiasis detection.
However, the low species specificity and time labor are
becoming problems for the management of invasive mix-yeast
infections. The insensitivity of culture methods in detecting
C. krusei in mixed infections with C. albicans is a common
cause of treatment errors, as C. krusei is known to exhibit high
resistance to Azole antifungal drugs, which are the first-line
therapy for C. albicans [9]. qPCR is proposed as an alternative
method for detecting yeast infections due to its improved
specificity and shorter detection time. The use of a probe or
intercalating dye can be employed as a detection system in the
qPCR method. The probe-based approach demonstrates higher
specificity, albeit being relatively more expensive compared
to intercalating dye, which presents a challenge for worldwide
laboratory accessibility.

Alternatively, the utilization of intercalating dye
in conjunction with PCR optimization and well-designed
primers has been shown to enhance specificity in detecting C.
albicans and C. krusei [18,19]. The qPCR method based on
intercalating dye is a specific method that can be employed for
the detection of Candida species infections. While probe-based
pan Candida detection methods have been developed [3], their
use is limited due to their relatively higher cost. Zhang et al.
[16] have evaluated an intercalating dye-based pan Candida

assay capable of detecting 8 Candida species, including C.
krusei, but evaluation of these primers against mixed DNA has
not been conducted. The use of a primer pair that can detect
multiple species can increase the likelihood of false positives
or negatives due to different working conditions such as
equipment, procedures, and specimens used [20,21]. Therefore,
as an alternative, specific primers for each Candida species
can be used for confirmation after detection by universal
primer. In addition, early diagnosis is crucial for effective
anti-Candida therapy, underscoring the need for specific and
sensitive diagnostic methods. While qPCR is a robust standard
for analyzing and quantifying pathogenic Candida in clinical
samples, it typically relies on expensive probes, which can be
a challenge in low- and middle-income countries with limited
reagent supplies. In contrast, developing primers for the
detection of C. albicans and C. krusei using intercalating dyes
presents a more affordable alternative. This approach could
provide a cost-effective diagnostic tool that is accessible and
useful in countries with varying levels of resource availability.
Thus, in this research, novel alternative primers specific for
detecting C. albicans and C. krusei by intercalating have been
developed and evaluated against Candida and other fungal
species.

The ITS regions are part of the ribosomal RNA gene
complex, comprising non-coding regions with approximately
55 genomic copies per haploid genome [22]. Previous research
has shown that primers targeting rDNA coding sequences (18S,
288, or 5.8S) flanking ITS-1 and ITS-2 can amplify rDNA
from all Candida species [16]. Additionally, the ITS regions
are optimal for developing species-specific fungal PCR primers
for the following reasons: the high copy number of ribosomal
genes in all organisms, and their highly conserved nature
combined with variable regions [15]. Thus, these regions are
suitable as diagnostic species-specific targets for candidemia
using PCR.

The initial phase of the research involved designing
primers specific for C. albicans and C. krusei using in silico
methods with Clustal Omega. The objective of primer design
was to ensure specific amplification during PCR. Primers were
designed targeting the ITS regions, specifically ITS-1 and
ITS-2, with genomic sequences for C. albicans (AJ249486.1)
and C. krusei (OL351344.1) obtained from NCBI GenBank
(https://www.ncbi.nlm.nih.gov/genbank/). Following primer
design, primer specificity was further validated in silico, using
the BLAST program (https://blast.ncbi.nlm.nih.gov/Blast.cgi).
Primer characteristics such as GC content, melting Tm, and
suitability for PCR were then assessed using The Sequence
Manipulation Suite (SMS) (https://www.bioinformatics.org/
sms2/pcr_primer_stats.html).

In silico validation of the candidate primers using
NCBI  BLAST  (https://blast.ncbi.nlm.nih.gov/Blast.cgi)
indicated that both primer pairs, Ca2 and Cc3, were appropriate
and specific for their respective targets (Supplementary lab and
2ab, respectively). However, characterization of the primers
using SMS revealed a warning regarding primer suitability for
PCR, as the melting Tm of primers Ca2 and Cc3 exceeded 58°C
(Supplementary 1¢ and 2c, respectively). However, primers with
Tm values in the range of 52°C—60°C are generally acceptable
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for use, and primers with Tm values below 65°C are unlikely
to form secondary annealing products [23,24]. The GC clamp
warning associated with the reverse primer Cc3 (supplementary
2¢) refers to the presence of G or C bases in the last five bases
at the 3° end of the primer. GC clamps can enhance specific
binding at the 3’ end due to the stronger and more stable GC
base pairs compared to AT pairs, provided that there are no
more than three G or C bases [25]. Thus, the Cc3 primer is
deemed suitable for subsequent in vitro evaluation.

As control PCR using the pan-Candida primer was
performed on C. albicans, C. krusei, C. glabrata, C. rugosa, C.
dubliniensis, C. kefyr, C. haemulonii, C. auris, C. guilliermondii,
C. tropicalis, C. parapsilosis, M. globosa, and A. niger, for which
DNA extraction has been previously performed. The Tm obtained
from this study was different from the previous studies [16] where
in this study the Tm ranged between 82°C and 85°C (Fig. 2C).
This may be due to differences in the PCR conditions performed.
Further, the evaluation using mixed Candida DNA samples
showed that the amplicon produced by pan-Candida primer
exhibited Tm value which similar to C. albicans, C. Parapsilosis,
C. Haemulonii, and C. rugosa (Fig. 2C, respectively).

The preliminary evaluation of the primers developed
was focused on their specificity for the Ca2 and Cc3 primers,
intended to ensure that these primers are specific to particular
fungal species. According to the results obtained, amplification
of C. albicans DNA with the Ca2 primer yielded a Tm of
83.58°C. In contrast, amplification of DNA from species other
than C. albicans resulted in Tm values ranging from 72°C to
78°C, indicating non-specific binding likely due to primer dimers
[26]. Testing of a mixed DNA sample with the Ca2 primer also
produced a Tm value of 84.01°C, similar to that observed for
C. albicans (Fig. 2A). Amplification of C. krusei DNA with the
Cc3 primer showed a Tm of 88.24°C. Conversely, amplification
of DNA from species other than C. krusei with the Cc3 primer
resulted in a Tm value between 72°C and 74°C, indicating the
presence of primer dimers, whereas amplification of a mixed
DNA sample containing C. krusei produced Tm of 88.88°C
(Fig. 2C). These results demonstrate that the Ca2 primer and
Cc3 is specific for detecting their target, albeit in the pure or
in a mix-tested Candida DNA sample. This confirms that the
primers designed are specific to the tested Candida species.

PCR testing on blood fractions can shorten the time
required for diagnosing invasive candidiasis and initiating
antifungal therapy [22]. Therefore, sensitivity evaluations were
also conducted on blood spiked with C. albicans and C. krusei.
The sensitivity testing results for the Ca2 primer and the Cc3
primer in detecting target species in pure conditions and blood
samples spiked with target Candida showed consistent results.
The detection limit for the Ca2 primer pair was between 10 and
100 Cfu/ml, while the detection limit for the Cc3 primer pair was
between 100 and 1,000 Cfu/ml (Table 2 and Fig. 5, respectively).
This indicates that both the Ca2 and Cc3 primer pairs are capable
of detecting target DNA from both culture and blood samples.

While the sensitivity of the Ca2 primer pair is
generally robust, it is important to note that this detection
limit may not fully capture very low concentrations of target
DNA in more complex biological matrices or when inhibitors
are present. The higher detection limit of the Cc3 primer pair

suggests that it may be less sensitive than the Ca2 primer pair,
particularly in the lower range of target concentrations. This
limitation could be attributed to factors such as primer affinity
or the presence of competing non-target DNA. As with the Ca2
primer pair, the sensitivity observed in more complex samples
may be influenced by additional factors such as sample matrix
effects or the presence of PCR inhibitors. The presence of blood
components or other sample matrix effects can impact the assay’s
sensitivity. While our study demonstrates the capability of both
primer pairs to detect target DNA, real-world samples may
introduce variability that affects performance. Thus, to enhance
sensitivity and address these limitations, further optimization of
PCR conditions, primer design, or sample preparation protocols
may be required. Future work could focus on refining these
parameters to improve detection limits and reliability in more
diverse sample types, especially in clinical samples.

CONCLUSION

In conclusion, primer pairs specific to C. albicans and
C. krusei have been developed and can be utilized for confirming
positive results in samples containing mixed Candida species.
A limitation of this study is the restricted evaluation of the
number of Candida species tested, the lack of clinical samples,
and multiplex evaluation, thus further evaluation is needed.
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