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Background: Nowadays, due to the increasing number of immunocompromised patients, mycosis infections caused by Candida species 
are on the rise, especially among hospitalized patients.
Objectives: In the current study, the chromogenic medium CHROMagar™ Candida and semi-nested polymerase chain reaction (snPCR) 
were compared concerning their ability to detect the species of Candida in 65 clinical isolates.
Materials and Methods: We used snPCR with universal and species-specific primers to detect Candida species in the culture of clinical 
isolates. By using universal primers, we carried out the amplification of the 3/end of 5.8S ribosomal DNA (rDNA) and the 5/end of 28S rDNA, 
including the internal transcribed spacer 2 (ITS2) and production of 350 to 410-bp fragments from 4 Candida species, vis. Candida albicans, 
Candida tropicalis, Candida glabrata, and Candida parapsilosis.
Results: The phenotypic identification system identified 60 (92.3%) yeasts isolates, including C. albicans (n = 33), C. glabrata (n = 14), C. 
tropicalis (n = 11), and C. parapsilosis (n = 2), and 5 isolates were mixed culture. By snPCR, 63 (96.6%) isolates were identified, including C. 
albicans (n = 37), C. glabrata (n = 11), C. tropicalis (n = 14), and C. parapsilosis (n = 1), and the species of 2 isolates could not be identified. 
Additionally, snPCR for the specific identification of the Candida species of the 65 clinical Candida isolates revealed 70.3% results agreement 
with the chromogenic medium CHROMagar™ Candida.
Conclusions: In this study, snPCR was specific and more sensitive than the chromogenic medium CHROMagar™ Candida for the detection 
of Candida spp. insofar as it failed to identify only a few isolates.
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1. Background
Candida species are the normal flora of the mucosal 

surfaces of the oral cavity, gastrointestinal tract, and 
genitalia in humans and animals. However, they may be 
responsible for the infection of the mucosa of the oro-
pharynx and vulva and vagina. Candida spp. also play a 
role in systemic infections in the presence of risk factors 
such as diabetes mellitus, AIDS, and other immunosup-
pressive conditions (1). The most commonly isolated spe-
cies include Candida albicans, Candida glabrata, Candida 
tropicalis, and Candida parapsilosis. A study from Turkey 
(2) reported that C. albicans and C. parapsilosis were the 
most common agents isolated from pediatric/neonatal 
patients with invasive candidiasis. The rapid identifica-
tion of Candida species is necessary for a timely diagnosis 
and selection of a suitable antifungal therapy (3-6).

The aim of the present study was to compare the molecu-
lar method semi-nested polymerase chain reaction (snPCR) 
with the conventional methods for the identification of the 
clinical isolates of Candida spp. A previous study reported 

that snPCR detected Candida species (C. albicans, C. tropicalis, 
C. glabrata, and C. parapsilosis) in a short period of time, with 
high sensitivity and specificity by using universal and spe-
cies-specific primers (7). The species-specific primers quali-
fied were used for the species-specific detection of PCR-am-
plified ribosomal DNAs (rDNAs) for 4 Candida species, vis. C. 
albicans, C. parapsilosis, C. tropicalis, and C. glabrata.

The method of snPCR, as reported by a previous re-
searcher (7), utilizes universal fungal primers and a 
section of the 5.8S and 28S rDNAs containing the inter-
vention of an internal transcribed spacer (ITS2). It is am-
plified and reamplified in snPCR using species-specific 
primers supplementary to the unique sequences within 
the ITS2 together with a common fungal primer.

2. Objectives
The aim of this investigation was to compare the use of 

chromogenic medium CHROMagar™ Candida and reac-
tion of snPCR for the identification of Candida species.
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3. Materials and Methods
Sixty-five clinical specimens of Candida species isolated 

from urine, oral mucosa, nail, and skin were assayed by 
snPCR. The sources of these Candida isolates are shown 
in Table 1.

Table 1.  Clinical Candida Isolates Used

Source of Isolation No. of Isolates

Oral mucosa 60

Urine 3

Nail 1

Skin 1

Total 65

3.1. Culture
All the isolated clinical specimens of Candida spp. were 

subcultured on Sabouraud dextrose agar (Merck, Germa-
ny) at 37°C for 48 hours. The samples were stored in water 
distilled at -20°C for future assays.

3.2. Identification
All the yeast isolates were identified by wet mount, 

CHROMagar™ Candida medium (CHROMagar™, Paris, 
France), for the colony evaluation of color and pheno-
typic identification, including germ tube formation in 
bovine serum at 37°C for 3 hours, clamidoconidia for-
mation growth in corn meal agar plus Tween 80 at 30°C 
for 48 hours, and growth at 45°C according to previous 
studies (8-10). For the molecular identification of the Can-
dida species, snPCR was performed using universal and 
species-specific oligonucleotide primers.

3.3. DNA Extraction
From broth cultures, genomic Candida DNA was extract-

ed using the glass-bead (0.2 μ) disruption (11, 12). First, a 
loop of fresh yeast was added to 300 mg of glass-beads 
(0.5 mm diameter) plus 300 μL of lysis buffer (10 mM Tris-
HCl pH 8.0, 1 mM EDTA, and 1% SDS) and vortexed vigor-
ously 5 - 10 minutes for crushing the cell walls of the yeast 
completely. Then, it was boiled at 100°C for 20 minutes, 
mixed with 150 μL of 3 M sodium acetate, kept at -20°C for 
10 minutes, and centrifuged at 12000 rpm for 10 minutes. 
The supernatant was extracted by mixing it with the same 
volume of phenol: chloroform: isoamyl alcohol (25:24:1), 
short vortexing, and centrifuging at 12000 rpm for 10 
minutes. The supernatant was discarded and mixed with 
the same volume of chloroform, short vortexed, and cen-
trifuged at 12000 rpm for 10 minutes. The supernatant 
(DNA) was precipitated by adding an equal volume of 
2-propanol at -20°C for 10 minutes and then centrifuged 
at 12000 rpm for 10 min. Moreover, 2-propanol was dis-
carded and the DNA was washed with 150 (300) μL of 70% 
ethanol at 12000 rpm for 10 minutes. (note that in this 

step, the tubes were not vortexed.) Ethanol was discard-
ed, and the DNA was air-dried and resuspended in 50 μL 
of sterile deionized water (ddH2O) and kept at -20°C until 
use (12). Aliquot of 1 μL of the product solution was used 
as template in the PCR reaction.

3.4. Semi-Nested PCR and Primers Used
In the first amplification step, we used the universal 

primers of a 22-bp forward primer CTSF (5’-TCGCATC-
GATGAAGAACGCAGC-3’) and a 25-bp reverse primer CTSR 
(5’-TCTTTTCCTCCGCTTATTGATATGC-3’) (CinnaGen Inc., 
Iran). The ability to amplify the end of 3’end of rDNA and 
5.8S the 5’ end of 28S rDNAs, including the intervening 
ITS2region, was tested. Species-specific oligonucleotide 
primers for snPCR were derived from the ITS2 regions 
of Candida albicans (CADET, 5’-ATTGCTTGCGGCGGTA-
ACGTCC-3’), Candida parapsilosis (CPDET, 5’-ACAAACTC-
CAAAACTTCTTCCA-3’), Candida tropicalis (CTDET, 5’-AAC-
GCTTATTTTGCTAGTGGCC-3’), and Candida glabrata 
(CGDET, 5’-TAGGTTTTACCAACTCGGTGTT-3’), as described 
by previous studies (7, 13).

3.5. Amplification of PCR and Detection
The molecular identification of the 65 clinical isolates 

was carried out by snPCR according to Ahmad et al. (7). 
The steps of 1 and 2 of snPCR were carried out in the same 
conditions except for primers and cycling numbers, which 
were conducted according to another previous study (6). 
The amplification of Candida DNA was carried out in an 
Eppendorf Mastercycler® gradient thermocycler. Both the 
first and second steps of PCR were carried out in a volume 
of 25 μL. The PCR mixture of the first step, containing 2.5 μL 
of 10X PCR buffer, 0.5 μL of 10 pmol of each of CTSF and CTSR 
primers, 0.5 μL of 1.5 mM MgCl2, 0.5 μL of 10 mM dNTP, 0.35 
μL of Tag DNA polymerase (0.625 U) (CinnaGen Inc., Iran), 3 
μL of extracted DNA as template, and 17.15 μL of autoclaved 
ddH2O, was added. Three μL of the products of the first 
step of snPCR was amplified as template in the second step 
under the same PCR mixture and programs. Forward ITS1 
primer (CTS1F) was replaced with species-specific forward 
primers (CADET, CPDET, CGDET, and CTDET) in 4 separate 
tubes and the reverse primer (CTS1R) was also used. The am-
plification conditions for steps 1 and 2 included one cycle 
denaturation at 94°C for 1 minute, annealing at 60°C for 30 
sec, and extension at 72°C for 1 minute. An initial denatur-
ation step at 94°C for 3 minutes and a final extension step at 
72°C for 10 minutes were also conducted. Amplification was 
determined with 30 cycles in the first step and 20 cycles in 
the second step of snPCR. For the detection of the ampli-
fied DNA fragments, 8.5 μL of the PCR product mixed with 
1.5 loading dye was loaded onto 2% agarose gel containing 
0.5 μg.mL-1 ethidium bromide. Electrophoresis was thereaf-
ter carried out. The gels were exposed to UV light at 100 V 
for 45 minutes and then photographed. The sizes of the am-
plified DNA fragments were identified by comparison with 
molecular size marker DNA (100-bp DNA ladder).
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4. Results
From the 65 clinical Candida isolates, CHROMagar™ 

Candida and phenotypic identification system identi-
fied 60 (92.3%) yeasts isolates. Candida  albicans was the 
most common species (n = 33), followed by C.  glabrata (n 
= 14), C.  tropicalis (n = 11), and C.  parapsilosis (n = 2), and 
5 isolates were mixed culture. The snPCR amplification 
of the rDNAs of the 4 Candida species, viz. C.  albicans, C.  
glabrata, C.  tropicalis, and C.  parapsilosis, was carried out 
using universal fungal primers (CTSF and CTSR). From the 
reamplification of the product of the first PCR with CTSR 
and the species-specific primers arising from the ITS2 re-
gions of C.  albicans, C.  parapsilosis, C.  tropicalis, and C.  
glabrata, different sizes of the amplified DNA fragments 
were obtained. For example, CTSR plus CGDET amplified 
a product with a size of ~ 140 bp in snPCR when the first 
reaction of snPCR was carried out with the template DNA 
from C. glabrata. The snPCR amplification of the DNAs 

from CTSR with primers CADET, CPDET, and CTDET am-
plified the products with molecular size markers of ap-
proximately 122, 100, and 130 bp, respectively. By snPCR, 
63 (96.6%) isolates were identified, including C.  albicans 
(n = 37), C.  glabrata (n = 11), C.  tropicalis (n = 14), and C. 
parapsilosis (n = 1). Also, snPCR for the specific identifica-
tion of the Candida species of the 65 clinical Candida iso-
lates revealed that the percent agreement was 70.3% be-
tween the positive results of 63 (92.9%) of snPCR and 60 
(92.3%) of CHROMagar™ Candida and phenotypic results 
(Table 2). In addition, the results of 6 samples obtained 
using CHROMagar™ did not according to snPCR and the 
species of 2 isolates could not be identified by snPCR (Ta-
ble 3). For the identification of the quantities of DNA, the 
optical densities of the DNAs were measured in 260 nm 
for DNA and 280 nm for proteins. The ratio of 260/280 nm 
of the tested samples was obtained between 1.5 and 2.0.

Table 2.  Identification of Clinical Candida Isolates by CHROMagar™ and Phenotypic Methods and Agreement With SnPCR

Candida Species Number of Identified Isolates

CHROMagar™ and Phenotypic SnPCR Agreement with PCR, % a

Candida albicans 31 37 83.8

Candida glabrata 16 11 68.8

Candida tropicalis 11 14 78.6

Candida parapsilosis 2 1 50

Total b 60 (92.3) 63 (92.9) 70.3

a  Percent agreement = (number positive by PCR/number positive by CHROMagar™ and Phenotypic) × 100. If the number of isolates positive by 
CHROMagar™ and Phenotypic exceeded the number of PCR-positive isolates, percent agreement = (number positive by CHROMagar™ and Phenotypic/
number positive by PCR) × 100.
b  Values are presented as % or No. (%).

Table 3.  Non-Concordant Results Obtained Using CHROMagar™ and Phenotypic Methods and SnPCR a

Clinical Isolates CHROMagar™ and Phenotypic SnPCR

U13N Candida parapsilosis Candida glabrata

U11N Candida glabrata Candida tropicalis

OC 36, OC 37,44 Candida albicans Candida glabrata

OC 45, 46,48, 54 Candida glabrata Candida albicans

OC 32/1, 73/1 Mixed (Candida albicans and Candida tropicalis) Candida tropicalis

OC 7, 95, 69/1 Mixed (Candida albicans and Candida tropicalis) Candida tropicalis

OC 6, 30 Candida albicans NI

a  Abbreviations: NI, not identified; OC, isolated samples of oral cavity; U, isolated samples of urine.
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Figure 1. Semi-Nested PCR 1

Step results for Candida species, lane M: 100 bp molecular marker 100 
and 500 bp rising order, lane N. negative control with water in place of 
template DNA. lane 1: Candida albicans, lane 2: Candida tropicalis, lane 3: 
Candida parapsilosis, lane 4 and 5: Candida glabrata with universal fungal 
primers, generating 350 to 410-bp fragments.

Figure 2. Semi-Nested PCR 2

Step results of the snPCR amplification of the DANs from Candida albicans 
(lane 1), Candida tropicalis (lanes 2 - 4), Candida parapsilosis (lane 5), and 
Candida glabrata (lane 6) using primer CTSR with primers CADET, CPDET, 
CTDET, and CGDET, respectively. lane M, 100-bp molecular size marker. Ar-
rows indicate the positions of 100 and 500 bp rising order. 100 - 140 bp 
fragments.

5. Discussion
Nowadays, despite progresses in therapeutic methods 

and sanitary cares, the incidence of invasive systemic 
mycoses, especially opportunistic fungal pathogens 
such as Candida, is on the increase (14). Although C. 
albicans is the most frequent cause of candidiasis, the 
incidence of the disease caused by other species of 
Candida has been increasing drastically (11, 14). Among 
the azoles, fluconazole has revealed tolerance; and 
antifungal drug resistance is becoming a major prob-
lem, especially in immunocompromised patients (15, 
16). Resistance has been shown to Candida krusei and 
Candida glabrata (17). Therefore, a rapid and accurate 
diagnosis of the species may assist in finding an ap-
propriate therapy in the cases of candidiasis and thus 
reduce the frequency of isolates resistant to antifungal 
agents such as azoles, which have therapeutic activity 
against Candida species. In this study, the chromogenic 
medium CHROMagar™ Candida and snPCR were com-
pared regarding their ability to recognize the species 
of 65 clinical isolates of Candida spp. The latter method 
is a strong method for amplifying small amounts of 
DNA, but it becomes disputable when it is used for the 
detection of more than 1 species (18). Moreover, snPCR 
has been demonstrated to be a useful, rapid diagnos-
tic tool for the detection of panfungal genome (19). In 
the current investigation, snPCR experiments target-
ing species-specific sequences in the rDNA were begun 
for the specific recognition of 4 Candida species by us-
ing reference strains. The aim for snPCR amplification 
was rDNA. Although PCR experiments with other target 
sequences have been reported in the previous studies 
(20, 21), the use of rDNA for a sensitive recognition of 
Candida has been observed to be the most competent 

because it is present in numerous copies (50 to 100 cop-
ies) per Candida genome (20). Also, PCR experiments 
with numerous copy purposes are more sensitive than 
those with single-copy purposes (19, 20). Furthermore, 
in the middle of the preserved rDNA subunits are the 
internal transcribed spacers, which include sequences 
matchless to each Candida sp., and therefore the use of 
primers according to these regions facilitates species 
recognition (6). Multiplex PCR assays have detected 
Candida scpecies according to previous studies (22, 23). 
Nevertheless, for a positive result, multiplex PCRs re-
quire a minimum of 20 cells, compared to 0.2 cells for 
snPCR. Therefore, the snPCR assay is at least 100 times 
more sensitive than multiplex PCRs. According to our 
findings, PCR with species-specific primers that amplify 
genes ITS1 and ITS2 for rDNA is a very specific and sensi-
tive method for the recognition of C. glabrata and C. al-
bicans, and with less specificity for C. tropicalis; these re-
sults are concordant with some previous observations 
(24). Previous studies have reported that commercial 
techniques for the recognition of Candida species mis-
recognized some clinical Candida isolates (25-29). Also, 
several other studies have revealed that PCR is more 
sensitive than conventional culture methods in the di-
agnosis of candidiasis (30-32).

In conclusion, our results demonstrated that snPCR is a 
specific and sensitive method for the diagnosis of candi-
demia caused by 4 clinically important Candida species, 
viz. Candida albicans, Candida parapsilosis, Candida tropi-
calis, and Candida glabrata. Furthermore, snPCR is a rapid 
method for the recognition of patients infected with more 
than one Candida species. Needless to say; a rapid diagnosis 
will contribute to the choice of suitable therapeutic agents.
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