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Molecular identification and distribution profile of
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A total of 855 yeast strains isolated from different clinical specimens, mainly nail (42%)
and vulva-vagina (25%) were identified by a set of polymerase chain reaction-restriction
fragment length polymorphisms (PCR-RFLP). Genomic DNA was extracted from fresh
colonies using Whatman FTA Card technology. PCR assays were performed on the com-
plete ribosomal DNA internal transcribed spacer (rDNA-ITS) region for all isolates and
species identification was carried out through their specific electrophoretic profiles after
digestion with the enzyme Mspl. Those isolates suspected as Candida parapsilosis group
were then subjected to amplification of the secondary alcohol dehydrogenase (SADH)
gene and restriction digestion with Nlalll enzyme. In total, 71.1% of the strains were
obtained from females and 28.9% from males. The age group of 31-40 years consisted of
the highest frequency of patients with candidiasis. Candida albicans was the predominant
species (58.6%) followed by C. parapsilosis (11.0%), C. glabrata (8.3%), C. tropicalis
(7.0%), C. kefyr (5.8%), C. krusei (4.4%), C. orthopsilosis (2.1%), and C. guilliermondii
(0.6%). A few strains of C. lusitaniae, C. rugosa, C. intermedia, C. inconspicua, C. neo-
SJormans and S. cerevisiae were isolated. We could not identify 8 (0.9%) isolates. Candida
albicans remains the most frequently species isolated from Iranian patients; however,
the number of non-C. albicans Candida species looks to be increasing. The simple and
reliable PCR-RFLP system used in the study has the potential to identify most clinically
isolated yeasts.
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Introduction increased due to expanding immunosuppressive situations,
and those species once thought to be non-pathogenic are
currently considered opportunistic pathogens [2]. Consid-
ering variations in susceptibilities to antifungal agents
among Candida species, identification to species level is
important to ensure quick and appropriate treatment [3].
There are several epidemiological studies focused on the
isolation of Candida from certain clinical conditions or

specimens [4,5], while the epidemiologic data pertaining

Candida species are ubiquitous yeasts that can cause a
broad spectrum of human infections, known as candidia-
sis. This genus includes at least 30 species of medical
importance that have been implicated in human candidiasis
[1,2]. During the past several decades, the incidence of
infections caused by the genus Candida has substantially
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to distribution of Candida species at different body sites
are limited [3].

Since studies regarding epidemiology of infectious
Candida species were not well documented in Iran, in this
report we present the species distribution of clinical strains
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of Candida, obtained from four different Iranian provinces.
We used a set of polymerase chain reaction (PCR) ampli-
fications of the entire internal transcribed spacer (ITS)-
rDNA region and secondary alcohol dehydrogenase (SADH)
gene, followed by restriction fragment length polymor-
phism (RFLP) for species delineation of the isolates.

Materials and methods

A total of 855 yeast strains isolated between June 2009 to
June 2010 from patients with various clinical forms of can-
didiasis in Tehran, Alborz, Isfahan, and Mazandaran prov-
inces were included in the study. The samples were
collected from the accessible specimens, mainly from
mucocutaneous infections. The isolates were randomly
collected in different periods of time; therefore, they are
not the exact representative of distribution of clinical forms
of candidiasis. In addition, 18 reference strains of medi-
cally important yeasts were used as controls (Table 1), all
supplied by Teikyo University Institute of Medical Mycol-
ogy (TIMM), Tokyo, Japan. DNASIS software (Hitachi
Software Engineering Co., Ltd, Tokyo, Japan) was used for
analyzing several GenBank sequences of different yeasts
(Table 1) to determine the size of entire ITS1-5.8STDNA-
ITS2 region before and after in silico digestion with the
restriction enzyme Mspl.

The yeasts were subcultured on Sabouraud glucose agar
(Difco, Detroit, MI, USA) and incubated at 30°C for 48 h.
Genomic DNA was isolated using FTA® Elute MicroCards
(Whatman Inc., Clifton, NJ, USA) [6] in accordance with
the manufacturer’s instructions with minor modifications.
Briefly, a loopful of fresh colony was suspended in 100 pl
of sterile water and 4 Ul of the suspension was dropped on
a disc of FTA card (3 mm in diameter) and incubated at
room temperature for at least 3 h. The dried papers were
eluted in 500 pl distilled water for a few seconds, then the
paper was transferred to a new tube containing 30 pl dis-
tilled water and incubated at 94°C for 20 min. The paper
discs were removed and the water containing DNA was
used for PCR or stored at —20°C until used.

For molecular identification of common Candida spe-
cies, the already described PCR-RFLP profiles were used
[7,8]. Briefly, the contiguous ITS1-5.8SrDNA-ITS2 region
was amplified using PCR mixture containing 5 pl of
10 X reaction buffer, 1.5 mM MgCl,, 0.4 mM dNTPs, 2.5
U of DNA Tagq polymerase, 30 pmol of each ITS1 (5’-TCC
GTA GGT GAA CCT GCG G-3") and ITS4 (5’-TCC TCC
GCT TAT TGA TAT GC-3’) primers [9] and 3 ul of
extracted DNA in a final volume of 50 pul. Conditions for
PCR were as follows: initial denaturation at 94°C for 5
min, followed by 35 cycles of denaturation at 94°C for 30
s, annealing at 55°C for 45 s, and extension at 72°C for 1
min, with a final extension step at 72°C for 7 min. An

aliquot of 10 pl of each ITS-amplicon was digested with the
restriction enzyme Mspl (Fermentas, Vilnius, Lithuania).
For definite identification of newly described species in the
C. parapsilosis complex, the SADH gene was amplified
using the SADHF (5’-GTT GAT GCT GTT GGA TTG
T-3") and SADHR (5’-CAA TGC CAA ATC TCC CAA-3’)
primers [10], followed by digestion with Nlalll restriction
enzyme [8]. Aliquots of 5 pl of PCR amplicons and 12 pl
of each RFLP products were fractionated by electrophore-
sis on 1.5 and 2% agarose gel, respectively, and stained
with 0.5 pg/ml ethidium bromide.

To confirm the reliability of molecular methods used for
identification of common Candida species, a total of 100
isolates including C. albicans (n=40) and C. tropicalis,
C. krusei and C. glabrata (n =20 for each species) were
subcultured on CHROMagar Candida (CHROMagar
Microbiology, Paris, France), incubated at 35°C for 2 d and
observed for specific colony colors.

Results and discussion

Table 1 shows the size of ITS region for common and rare
pathogenic Candida and a number of other pathogenic
yeasts before and after computer endonuclease digestion
with Mspl. Figure 1 demonstrates the patterns of ITS-PCR-
RFLP for reference yeast strains after digestion with Mspl.
As shown, the fragment lengths were exactly the same as
the estimated sizes in the computational sequence analysis
(Table 1). Then, considering the size of fragments obtained
from restriction digestion of ITS-PCR products by an inex-
pensive enzyme (Mspl), a wide range of common and some
rare pathogenic yeasts including the major Candida species
were differentiated. The limitation of the method is similar
fragment size in some uncommon species of Candida. For
example, the size of ITS before and after digestion is sim-
ilar in C. intermedia, C. rugosa and C. lusitaniae. Also,
some uncommon yeasts like C. kefyr and C. famata had no
restriction enzyme cutting site for Mspl; nevertheless, the
size of ITS was helpful to presume the species (Table 1
and Fig. 1).

The result of species identification observed on
CHROMagar Candida for selected Candida isolates was
100% concordant with the species delineation in molecular
methods used (data not shown).

Of the 855 different clinical isolates, 606 (71.1%) were
from females. The majority of strains were recovered from
nail and other mucocutaneous samples (Table 2). Patients
in the age groups of 31-40 and 81-90 years had the highest
and lowest frequency of positive samples, respectively.
Amplification and subsequent digestion of the ITS region
with Mspl generated two-band patterns, characteristic for
C. albicans (n=1501), C. glabrata (n="171), C. tropicalis
(n=060), C. krusei (n=238), and a three-band pattern
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Fig. 1 Agarose gel electrophoresis of ITS-PCR products of various pathogenic yeast species after digestion with Mspl. Lanes 1-19 are C. albicans,
C. glabrata, C. tropicalis, C. parapsilosis, C. krusei, C. kefyr, C. lusitaniae, C. rugosa, C. famata, C. guilliermondii, C. norvegensis, C. intermedia,
C. viswanathii, C. inconspicua, C. bracarensis, C. nivariensis, C. lusitaniae, Saccharomyces cerevisiae and Cryptococcus neoformans, respectively.

Lanes M are 100 bp DNA size marker.

specific for C. guilliermondii (n =5) but a single band (no
cutting site) was observed for C. parapsilosis complex
(n=112), C. kefyr (n=150), and C. famata (n = 1) . Strains
of C. kefyr created an approximately 720 bp band and were
differentiated from the C. parapsilosis complex, which
produced a 520 bp band [7]. Thus, using a combination of
ITS-RFLP with Mspl and ITS-amplicon size, the majority
of the strains were identified as six distinct species. Ampli-
fication and subsequent digestion of the SADH gene with
Nlalll in 112 remaining strains, suspected to be C. parap-
silosis complex, produced fragments with two different
patterns characteristic for C. parapsilosis (n=94) and C.
orthopsilosis (n=18). No C. metapsilosis strains were
found. A few strains of C. rugosa (n = 3), C. lusitaniae/C.
intermedia (n=72), C. inconspicua (n=1), Cryptococcus
neoformans (n = 1), and Saccharomyces cerevisiae (n =2)
were isolated. We could not identify a total of eight (0.9%)
isolates because of undefined RFLP patterns (data not
shown).

Candida albicans has historically counted for 70-80%
of strains recovered from candidiasis; nonetheless, over the

last decades non-C. albicans Candida species (NACs) have
frequently emerged as human pathogens [1]. In the present
study, C. albicans was the prominent isolate (58.8%) in all
clinical samples and NACs included C. parapsilosis,
C. glabrata, C. kefyr, C. tropicalis, C. krusei, C. orthop-
silosis and C. guilliermondii. The isolates were frequently
recovered from non-sterile body samples. Most of the
C. albicans strains (66%) were isolated from Candida
vulvovaginitis (CVV) and onychomycosis. In general,
more than 70% of CVV cases are caused by C. albicans
worldwide, while NACs like C. glabrata are less fre-
quently responsible for fungal vaginitis [11]. Likewise,
C. albicans (82%) and C. glabrata (13.5%) were the
major causative agents of CVV in our study. Candida
albicans also comprises more than 50% of all urinary tract
isolates [11] while congruent with the study of Ozhak-
Baysan et al. [12], 72% of encountered candiduria cases
in our investigation were caused by NACs. Similar to a
study performed in Mexico [13], the incidence of onycho-
mycosis by NACs in our analysis (56%) was dominated
by C. albicans. All these data accentuate the increasing
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trend toward the isolation of NACs along with decrease
of C. albicans in urine and nail infections.

Candida parapsilosis complex were the second most
common isolates and the most abundant of NACs. The
complex was reclassified into three genetically segregated
species; C. parapsilosis sensu stricto, C. metapsilosis and
C. orthopsilosis [10]. Accordingly, data regarding the dis-
tribution of these species are limited so far. In accordance
with many previous reports [14,15], C. parapsilosis sensu
stricto was the dominant species of the complex in the
present survey followed by C. orthopsilosis. The species
was considered as the first or second most frequent agent
of Candida onychomycosis in some South American coun-
tries [16] and of the most commonly recovered yeasts from
hands. In the confirmation of these reports, C. parapsilosis
was the second most abundant pathogen of Candida ony-
chomycosis and hand infection, outranked only by C. albi-
cans in this study. Similar to the study of Feng et al. [17],
C. orthopsilosis was only isolated from cutaneous samples
(skin and nail) of dermatological outpatients, suggesting a
possible pathogenic role of the species in superficial infec-
tions. It is noteworthy that none of the C. parapsilosis com-
plex isolates were C. metapsilosis. Based on recent data,
C. metapsilosis is an environmental and less virulent organ-
ism, whereas C. parapsilosis and C. orthopsilosis have
adapted to mammalian niches [16]. However, contrary to our
finding, some studies found high prevalence of C. metapsi-
losis, accompanied with low frequency of C. orthopsilosis
[18]. This may be correlated with species distribution of the
C. parapsilosis complex varying geographically.

Prevalence of mucosal infections caused by C. glabrata
has notably risen [1] and this fact was well reflected in our
findings where 67% of the strains (n =48) were isolated
from mucosal candidiasis. Genetic studies resulted in the
discovery of the fact that C. glabrata is a complex of spe-
cies including two ‘new cryptic species’: C. bracarensis
[19] and C. nivariensis [20]. However, in regard to the size
difference of ITS-amplicons [21] and ITS-RFLP patterns
by Mspl (Table 1 and Fig. 1), which were discriminative
for all three species, neither C. bracarensis nor C. nivar-
iensis were identified among our strains. Candida tropi-
calis, considered to be one of the three most frequent
NAG:s, is isolated from invasive Candida infections, espe-
cially candiduria and candidemia [1,22]. We found this
species as the second most prevalent agent isolated from
urine and blood samples. Superficial infections of the nail
and skin due to C. tropicalis are rarely seen [23] but in
our study more than 75% of the C. tropicalis strains were
isolated from onychomycosis. Like other NACs, most of
the C. kefyr strains (55%) of the study were isolated from
nail infection. Candida guilliermondii is an infrequent
species worldwide with few reports in the literature regard-
ing epidemiology and prevalence of the fungus in clinical

settings. However, similar to the study of Kiraz and Oz
[3], the species had the lowest rate of isolation (0.6%) in
the present study and all five strains were recovered from
onychomycosis.

Generally, as most of the clinical specimens in the study
(67%) were from nail and vagina, C. albicans was the most
frequently isolated species, however, isolation of non-C.
albicans Candida species exceeded C. albicans in systemic
specimens like blood and urine.

In conclusion, we did not have a systematically designed
program to collect our samples; however, molecular identi-
fication of yeast isolates could show a clue of the microbial
epidemiology of pathogenic yeasts. This report described
the first preliminary molecular epidemiologic survey of the
species distribution profile of clinically important Candida
species in Iranian patients. The simple, inexpensive, rapid
and reliable PCR-RFLP system used in the study has the
potential to identify most clinically isolated yeasts.

Declaration of interest: The authors report no conflicts of
interest. The authors alone are responsible for the content
and the writing of the paper.

References

—

Silva S, Negri M, Henriques M, et al. Candida glabrata, Candida
parapsilosis and Candida tropicalis: biology, epidemiology, patho-
genicity and antifungal resistance. FEMS Microbiol Rev 2012; 36:
288-305.

2 Pfiiller R, Griser Y, Erhard M, Groenewald M. A novel flucytosine-
resistant yeast species, Candida pseudoaaseri, causes disease in a
cancer patient. J Clin Microbiol 2011; 49: 4195-4202.

3 Kiraz N, Oz Y. Species distribution and in vitro antifungal susceptibil-

ity of clinical Candida isolates from a university hospital in Turkey

over a 5-year period. Med Mycol 2011; 49: 126-131.

Zirkel J, Klinker H, Kuhn A, et al. Epidemiology of Candida blood

stream infections in patients with hematological malignancies or solid

tumors. Med Mycol 2012; 50: 50-55.

5 Agwu E, Thongbe JC, McManus BA, et al. Distribution of yeast spe-
cies associated with oral lesions in HIV-infected patients in Southwest
Uganda. Med Mycol 2011; 50: 276-280.

6 Borman AM, Linton CJ, Miles SJ, Campbell CK, Johnson EM. Ultra-
rapid preparation of total genomic DNA from isolates of yeast and
mould using Whatman FTA filter paper technology — a reusable DNA
archiving system. Med Mycol 2006; 44: 389-398.

7 Mirhendi H, Makimura K, Khoramizadeh M, Yamaguchi H. A one-enzyme
PCR-RFLP assay for identification of six medically important Candida
species. Nihon Ishinkin Gakkai Zasshi 2006; 47: 225-229.

8 Mirhendi H, Bruun B, Schgnheyder HC, et al. Molecular screening
for Candida orthopsilosis and Candida metapsilosis among Danish
Candida parapsilosis group blood culture isolates: proposal of a
new RFLP profile for differentiation. J Med Microbiol 2010; 59:
414-420.

9 White TJ, Bruns T, Taylor J. Amplification and direct sequencing of

fungal ribosomal RNA genes for phylogenetics. In: Innis MA, Gelfand

DH, Sninsky JJ, White TJ (eds). PCR Protocols: A Guide to Methods

and Applications, London, UK: Academic Press, 1990: 315-322.

~

© 2013 ISHAM, Medical Mycology, 51, 657663

RIGHTS LI N Kdx



Med Mycol Downloaded from informahealthcare.com by 217.218.175.12 on 07/16/13
For personal use only.

Distribution of clinically isolated Candida species from Iran

10

1

—_

12

13

14

16

17

Tavanti A, Davidson AD, Gow NA, Maiden MC, Odds FC. Candida
orthopsilosis and Candida metapsilosis spp. nov. to replace Candida
parapsilosis groups 11 and IIL. J Clin Microbiol 2005; 43: 284-292.
Achkar JM, Fries BC. Candida infections of the genitourinary tract.
Clin Microbiol Rev 2010; 23: 253-273.

Ozhak-Baysan B, Ogunc D, Colak D, et al. Distribution and antifun-
gal susceptibility of Candida species causing nosocomial candiduria.
Med Mycol 2011; 50: 529-532.

Manzano-Gayosso P, Méndez-Tovar LJ, Arenas R, et al. Onychomy-
cosis-causing yeasts in four Mexican dermatology centers and their
antifungal susceptibility to azolic compounds. Rev Iberoam Micol
2011; 28: 32-35.

Asadzadeh M, Ahmad S, Al-Sweih N, Khan ZU. Rapid molecular dif-
ferentiation and genotypic heterogeneity among Candida parapsilosis
and Candida orthopsilosis strains isolated from clinical specimens in
Kuwait. J Med Microbiol 2009; 58: 745-752.

de Toro M, Torres MJ, Maite R, Aznar J. Characterization of Candida
parapsilosis complex isolates. Clin Microbiol Infect 2011; 17: 418-424.
Trofa D, Gécser A, Nosanchuk JD. Candida parapsilosis, an emerg-
ing fungal pathogen. Clin Microbiol Rev 2008; 21: 606—625.

Feng X, Ling B, Yang G, Yu X, Ren D, Yao Z. Prevalence and
distribution profiles of Candida parapsilosis, Candida orthopsilosis

This paper was first published online on Early Online on 6 March
2013.

© 2013 ISHAM, Medical Mycology, 51, 657663

18

19

20

2

—_

22

23

and Candida metapsilosis responsible for superficial candidiasis in a
Chinese university hospital. Mycopathologia 2012; 173: 229-234.
Ge YP, Boekhout T, Zhan P, e al. Characterization of the Candida
parapsilosis complex in East China: species distribution differs among
cities. Med Mycol 2012; 50: 56-66.

Correia A, Sampaio P, James S, Pais C. Candida bracarensis sp. nov.,
a novel anamorphic yeast species phenotypically similar to Candida
glabrata. Int J Syst Evol Microbiol 2006; 56: 313-317.
Alcoba-Florez J, Méndez-Alvarez S, Cano J, Guarro J, Pérez-Roth
E, del PilarArévalo M. Phenotypic and molecular characterization of
Candida nivariensis sp. nov., a possible new opportunistic fungus.
J Clin Microbiol 2005; 43: 4107-4111.

Mirhendi H, Bruun B, Schgnheyder HC, et al. Differentiation of
Candida glabrata, C. nivariensis and C. bracarensis based on frag-
ment length polymorphism of ITS1 and ITS2 and restriction fragment
length polymorphism of ITS and D1/D2 regions in rDNA. Eur J Clin
Microbiol Infect Dis 2011; 30: 1409-1416.

Negri M, Silva S, Henriques M, Oliveira R. Insights into Candida
tropicalis nosocomial infections and virulence factors. Eur J Clin Mi-
crobiol Infect Dis 2012; 31: 1399-1412.

Chai LY, Denning DW, Warn P. Candida tropicalis in human disease.
Crit Rev Microbiol 2010; 36: 282-298.

RIGHTS LI N Kdx



