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Abstract 
 

Background: Since the incidence of nosocomial Candida infections have been increasing in parallel with the rais-
ing in the number of patients involving in predisposing factors, determining the sources and the ways of acquisition 
of infection is necessary as an efficient strategy for controlling the diseases. The aim of this study is identification 
and strain typing of Candida strains isolated from hospitals to facilitate tracing the sources of infections in hospital-
ized patients in addition to assess the discriminatory power of some random primers by using RAPD analysis.  
 
Methods: Samples were collected from patients who were hospitalized in oncology, intensive care unit (ICU), 
and organ transplants wards of the Shohadaye-Tajrish Hospital affiliated to Tehran University of Medical Sciences, 
Tehran, Iran, and their environments. The yeasts were isolated on CHROMagar Candida. Species identification was 
performed by PCR-amplification of ITS1-5.8SrDNA–ITS2 region followed by restriction digestion with the enzyme 
MspI. To determine the probable origin of Candidia infections, in case of each patient whose the clinical and rele-
vant environmental isolates were identified as the same species, a set of eight primers namely number 1 to 8, were 
applied in RAPD-PCR to find out the possible homogeny or variation within the isolated strains. 
 
Results: One hundred and four Candida strains were identified. The most common species was C. albicans 
(57.5%) followed by C. tropicalis (13.5%), C. glabrata (12.5%), C. parapsilosis (8.65%), C. famata (3.8%), C. 
krusei (1.9%), C. guilliermondii (0.96%). and C. lusitaniae (0.96%). While the source of infection for three patients 
were not determined by RAPD analysis, interpretable results from RAPD-typing of Candida species isolated from 
8/18 of cases implied that the infections might originate from the exogenous sources. Moreover, according to the 
function of each primer, primer No. 1 was determined as a best primer for typing of Candida albicans strains. 
 
Conclusion: The species of yeast isolates were determined by PCR-RFLP. It was found that RAPD assay can 
point out the genomic variability within the Candida species. Besides, the method could show a probable rela-
tionship between acquired infections and their sources. 
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Introduction 
 
Although members of the genus Candida are consid-

ered as  harmless commensal organisms in healthy 
individuals, they frequently are responsible for induc-
ing life-threatening systemic infections under certain 
conditions.1,2 As a matter of fact, among human pa-
thogenic fungi, the genus Candida has a dominant 
role in afflicting the hospitalized patients with sys-
temic life-threatening infections.1,3 Nosocomial Can-
dida bloodstream infections have been considered as 
an increasing cause of mortality, with an estimated 
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range of 25-38% in predisposed hospitalized patients 
despite appropriate treatments.4,5 In particular, blood-
stream infection due to the Candida spp. has been 
documented in different countries with similar spec-
trum of 3.0 - 4.4 per 100,000 patients/day.6 In present, 
Candida species are the fourth most common micro-
organisms causing nosocomial blood stream infection 
in hospitalized patients.5,7 

For appropriate antifungal therapy, accurate iden-
tification of the isolates at the species level is neces-
sary, because of the following reasons: i) A signifi-
cant trend of either intrinsic or acquired decreasing 
susceptibility of some species to antifungal agents, ii) 
Emerging of new species, iii) Rising in the number of 
non-Candida species as considerable pathogenic 
agents in various nosocomial infections  and iv) Per-
sistence of some species such as Candida parapsilo-
sis in hospital environment which allows the micro-
organism to colonize on skin of patients and form 
biofilms on plastic venous catheters.5,8-10 On the other 
hand, there is a need for recognizing the main source 
of the infections; whether it is endogenous or acquire 
exogenously from other patients or even health care 
workers.5,11 Therefore, precise identification of the 
strains at the species and sub-species levels are highly 
demanded to perform epidemiological investigations 
as well as for controlling the outbreaks. 

Earlier epidemiological studies of nosocomial 
Candida infections have used a variety of phenotypic 
characteristics to reflect genetic diversity and strain 
identity.12,13 These phenotypic methods include diag-
nostic kits such as API, automated diagnostic systems 
like Vitek which are based on physiological proper-
ties and the methods rely on biotyping e.g. enzyme 
profiles and serological agglutination reactions.13 
Phenotyping systems are usually time-consuming and 
provide limited data for differentiation between unre-
lated isolates.5 Moreover, some Candida species are 
able to switch between numbers of phenotypes spon-
taneously, so their phenotypic properties are unsta-
ble.14 In contrast, genotyping approaches are capable 
of detecting differences directly in the genetic infor-
mation. They are less vulnerable to variations due to 
growth condition and phenotypic switching and also 
have several advantages over phenotyping techniques 
like speed, accuracy, and higher discriminatory pow-
er.5 These DNA-based methods include pulse-field 
gel electrophoresis (PFGE), random amplified poly-
morphic DNA (RAPD), restriction fragment length 
polymorphism (RFLP), Real-Time PCR, amplified 
fragment length polymorphism (AFLP), sequencing, 

DNA microarray, microsatellite typing, and more re-
cently multi locus sequence typing (MLST) and sin-
gle-nucleotide polymorphism (SNP) analy-
sis.1,2,5,7,12,15,16 

The random amplified polymorphic DNA (RAPD) 
technique relies on the application of short arbitrary 
primers that anneal to multiple genomic sites using 
low temperature conditions. This method detects 
strain polymorphisms and does not depend on prior 
knowledge of species-specific sequence.3,13  

The first aim of this study was species-identification 
of the Candida spp. isolated from different forms of in-
fection, some locations where this fungus is likely to be 
obtained as normal flora and patients’ environment. The 
second and the main goal was strain typing of the rele-
vant isolates to facilitate tracing of probable sources and 
routes of transmission of infection to hospitalized pa-
tients by using RAPD analysis.  
 
 
Materials and Methods 
 
About four hundreds fungi isolates (including yeasts 
and moulds) were collected from clinical specimens 
consisting of urine, surgical wounds, bedsores, spu-
tum and others, and some locations where Candida 
was considered as normal flora such as skin, oral and 
nasal cavities. The isolates were obtained from on-
cology, intensive care unit (ICU), and organ trans-
plants wards at Shohadaye-Tajrish Hospital. Equal 
numbers of samples were collected from surrounding 
environment of patients including air, medical devices, 
clothes, catheters and health care workers. Yeast iso-
lates were sub-cultured on CHROMagar Candida, in-
cubated at 35   C for 2-4 days and harvested yeast 
colonies were stored at -20°C until further use. 

Genomic DNA was extracted using glass bead dis-
ruption.17 Briefly, 300 mg of 0.5 mm diameter glass 
beads, 300 µg of lysis buffer (100 mM Tris-Hcl pH 8, 
10 mM EDTA, 100 mM NaCl, 1% sodium dodecyl 
sulfate (SDS), 2% triton X-100) and 300 µl of phenol 
chloroform-isoamyl alcohol (25:24:1) were added to 
about 1-5 mm3 of a fresh yeast colony in a 1.5 ml 
tube. The samples were shacked vigorously for 5 min, 
centrifuged for 5 min at 5000 rpm, and the super-
natant was transferred to a fresh tube. The supernatant 
was extracted again with chloroform and DNA was 
precipitates by adding the equal volume of isopropa-
nol and 0.1 volume of 3 M sodium acetate (pH 5.2). 
The solution was vortexed and incubated for 10 min 
at -20°C and centrifuged for 15 min at 12000 rpm. 
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The precipitant was washed with cold 70% ethanol, 
dried in air, dissolved in 50 µl of double distilled wa-
ter and stored at -20°C till used for PCR. 

Fungal-specific universal primer pairs were used 
to amplify internal transcribed spacer 1(ITS1)-5.8S 
rDNA-ITS2 regions in all yeast isolates. The amplifi-
cation reaction was performed in a final volume of 25 
µl containing 1 µl of extracted genomic DNA (about 
20 ng), 1.25 U of Taq DNA polymerase, 0.3 mM of 
each deoxynucleoside triphosphate mix (dATP, 
dTTP, dGTP, dCTP), 0.4 µM of each forward ITS1 
(5’-TCC GTA GGT GAA CCT GCG G-3’) and re-
verse ITS4 (5’-TCC TCC GCT TAT TGA TAT GC-
3’) primers, 1.5 mM of MgCl2, and 2.5 µl of 10X 
PCR buffer. PCR was carried out in a thermal cycler 
(Corbett Research, Australia) with the following tem-
perature profile: 1 cycle of 5 min at 95°C, followed 
by 30 cycles of 45s at 94°C, 1 min at 55°C and 45s at 
72°C and a final extension step at 72°C for 5 min. 
Each amplification products was loaded onto 1% aga-
rose gel and run in TBE buffer (90 mM Tris, 90 mM 
boric acid and 2 mM EDTA, pH 8.3) at 80V for 1 h. 
The products were detected by staining with ethidium 
bromide (0.5 µg/ml) and photographed. 

RFLP was performed according to the method de-
scribed by Mirhendi et al.18 to identify the most med-
ically important Candida species. To achieve species-
specific discriminatory patterns, a 5 µl aliquot of PCR 
products was digested with 5 U of MspI (Fermentas, 
Lithuania) in a final volume of 15 µl at 37   C for 
2.5 h. The restriction fragments were separated on 2% 
agarose gel electrophoresis in TBE buffer for about 
2.5 h at 80 V and visualized by staining with 0.5 
µg/ml of ethidium bromide.  

Fragment size polymorphism (FSP) of both ITS1 
and ITS2 regions19 was used for identification of the 
strains which were remained as unknown species. 
Briefly, the forward (ITS1) and reverse (ITS2: 5'-
GCTGCGTTCTTCATCGATGC-3') primers and the 
forward (ITS3: 5'-GCATCGATGAAGAACGCAGC-
3') and ITS4 primers were used for amplification of 
ITS1 and ITS2 regions, respectively. The amplicons 
of each region for each individual yeast isolate were 
mixed and subjected to agarose gel electrophoresis. 
Species identification was based on the unique pattern 
for each species.  

Totally, eight oligonucleotides i.e. primers 1  
(5’-GGGGGTTAGG-3’), 2 (5’-GGTGTAGTGT-3’), 
3 (5’-GTATTGGGGT-3’), 4 (5’-GGTTCTG 
GCA-3’), 5 (5’-AGGTCACTGA-3’), 6 (5’-
AAGGATCAGA-3’), 7 (5’-CACATGCTTG-3’), and 

8 (5’-TAGfATCAGA-3’) were used in this study. 
Each amplification reaction was performed in a final 
volume of 25 µl containing 1 µl of genomic DNA, 
1.25 U of Taq DNA polymerase, 0.3 mM of each four 
deoxynucleoside triphosphate,1.5 mM of MgCl2, 0.4 
µM of each individual primer and 2.5 µl of 10X PCR 
buffer. PCR was carried out with the following pro-
gram: 1 cycle of 5 min at 95° C, followed by 40 cy-
cles of 45s at 95°C, 1.5 min at 32°C and 1.5 min at 
72°C and a final extension step at 72°C for 8 min. 
Amplified DNA fragments were run onto 1.2% aga-
rose gel electrophoresis in TBE buffer at 100V for 2 
h. The products were detected by staining with ethi-
dium bromide and photographed.  
 
 
Results 
 
One hundred and four yeast strains were isolated 
from different clinical and environmental samples 
and identified by PCR-RFLP method. Consequently, 
the identified isolates were divided into three groups 
1) The yeasts isolated from clinical specimens includ-
ing urine, surgical wounds, sputum and bedsores 
(clinical samples), 2) The yeasts isolated from body sites 
where Candida species were normal flora or can be con-
sidered as colonization, such as nasal and oral cavity, 
sputum and skin and 3) the yeasts isolated from patients’ 
surrounding areas including air, catheters, clothed, med-
ical devices and healthcare workers' hands. 

The ITS1-5.8SrDNA-ITS2 was successfully am-
plified in all Candida isolates representing a single 
PCR product of about 380-880 base pairs. Figure 1 
shows agarose gel electrophoresis of the examples of 
PCR products of Candida species isolated from dif-
ferent sources. Digestion of amplicons by the restric-
tion enzyme Msp1 generated fragments with different 
sizes. Each Candida isolate was identified according 
to the RFLP patterns regarding already described da-
ta.16 Figure 2 indicates the agarose gel electrophoresis 
of PCR-RFLP for some examples of Candida iso-
lates. The size of fragments complies with the ex-
pected sizes. As restriction digestions of the PCR am-
plicons were not discriminatory in all testing isolates 
fragment size polymorphism of both ITS1 and ITS2 
regions was considered for their identification. By the 
method unidentified, Candida species were diagnosed 
as. C. parapsilosis, C. famata and C. lusitaniae (data 
not shown). Table 1 indicates the prevalence of Can-
dida species isolated from three distinct sources. C. 
albicans was the most frequent species with prevalence 
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of 66.6%, 46.8% and 60.0% in group 1, 2 and 3, re-
spectively. C. glabrata was identified in 15.5% of the 
environmental strains, whereas C. tropicalis was in 
the second position in case of group 2 with the fre-
quency of 25%. In group 1, after C. albicans, both C. 
glabrata and C. tropicalis were identified in 11.1% of 
cases equally. The less frequent species were C. 

guilliermondii and C. lusitaniae and each consisted 
2.2% of cases that isolated only in group 3.  

From the total of 104 isolates identified as Can-
dida species, only in 18 cases, the same given species 
were isolated from both clinical samples and body 
sites as normal flora or/and from patients’ surround-
ing areas. In other words, to make a reasonable  

 
Fig. 1: Agarose gel electrophoresis of ITS-PCR products of the examples of Candida species isolated from different 
samples from hospital specimens. NC: negative control. M: 100 bp molecular size marker 

 

 
Fig. 2: Restriction digestion of PCR products of Candida strain with the enzyme Msp1. Lane 57, 78 and 79 identi-
fied as C. glabrata. Lane 72: C. krusei, Lane 73: C. tropicalis. Lanes No 74-77 and 80-84: C. albicans, NC: Negative 
control. M: 100bp molecular size marker.  

 
Table 1: Prevalence of Candida species isolated from different reservoirs. 

Sources  
Species Group 1 

(Clinical specimens) 
Group 2 
(Normal flora) 

Group 3 
(Patients’ environment) 

C. albicans 18 15 27 
C. tropicalis   3   8   3 
C. parapsilosis   1   5   3 
C. krusei   1   0   1 
C. glabrata   3   3   7 
C. famata   1   1   2 
C. guilliermondii   0   0   1 
C. lusitaniae   0   0   1 
 27 32 45 
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relationship between endogenous and exogenous res-
ervoirs and fungal infection, only the strains associ-
ated to those 18 cases allowed us to assess the prob-
ability of a relationship between the infections and its 
suspected source(s). 

Table 2 shows information about identified strains 
from 18 patients and their respective origin of infec-
tions. Similar RAPD profiles were generated by pri-
mers No 2, 3, 4 and 8 such that they were unlikely to 
be suitable primers with enough discriminatory power 
for typing of Candida strains. Therefore they were 
not studied any more. However, another four primers 
could successfully produce a total of 36 variable elec-
trophoretic RAPD patterns from the testing strain ge-
nomes.  

In 8/13 patients in whom we identified C. albicans 
from clinical specimens and different reservoirs, dis-
tinguishable RAPD patterns were revealed by using 
primers No 1, 5 and 6 within strains from clinical 
specimens and environmental reservoirs. The data 
support the strong possibility of exogenous-originated 
infections. Despite application of four different prim-
ers, the source of infection of two patients (No. 27 
and 18) remained unknown. In the case of patient No. 
27, the identified strains isolated from environmental 
and clinical samples revealed very similar electropho-
retic patterns by using primer No. 1, 5 and 7, suggest-

ing exogenous sources for the infection; while the 
outcome of using primer 6 did not ascertain that it 
had been an exogenous-source of infection. In patient 
No. 18, isolated strains of urine and patient’s envi-
ronment did not demonstrate a relevant RAPD pat-
terns. On the other side, no C. albicans strain was 
isolated from skin, nasal and oral cavity as normal 
flora. Taken together, an apparent contradiction was 
observed between results. As a consequence, a defi-
nite origin was not found for the infection of those 
two patients. 

C. parapsilosis was reported in one case and no 
relationship was found between endogenous source 
and acquired infection by using all four primers. In 
other words, identical RAPD banding patterns were 
observed within strains isolated from surrounding 
area and from clinical specimen. In the case of C. 
tropicalis, one of two cases isolated from both oral 
cavity and urine generated identical patterns, whereas 
the same species which obtained from patients’ envi-
ronment showed different RAPD patterns, therefore, 
it is more likely that the infection originated from en-
dogenous sources. However in the second patient, it 
is suggestive that the strains which were responsible 
for elucidating the disease have been originated from 
surrounding areas. The same species of C. glabrata 
were identified only in one case whose strains were 

Table 2: Information about identified strains from all 18 patients who were subjected to RAPD analysis and their 
respective origins of infection and type strains of C. albicans obtaining from RAPD analysis by using primer No1. 

Number of strain 
types using primer  
No 1 

Number of  
patients 

Identified species isolating from two dis-
tinct reservoirs and clinical specimens 

The probale origin 
of infections 

A         B       C D 
  1 C. albicans Exogenous 3 0 0 0 
  3 C. albicans Endogenous 3 0 0 0 
  5 C. parapsilosis Exogenous     
  7 C. albicans Exogenous 3 0 0 0 
  9 C. albicans Exogenous 3 0 0 0 
11 C. albicans Endogenous 5 0 0 0 
14 C. tropicalis Exogenous     
15 C. albicans Endogenous 3 0 0 0 
16 C. albicans Exogenous 4 1 0 0 
18 C. albicans Unknown 1 0 1 0 
19 C. albicans Exogenous 2 0 1 0 
21 C. crusei Unknown     
24 C. albicans Endogenous 4 0 0 0 
25 C. tropicalis Endogenous  
26 C. albicans Exogenous 3 0 0 0 
27 C. albicans Unknown 3 0 0 0 
29 C. glabrata Endogenous     
31 C. albicans Endogenous 0 0 0 3 
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isolated from both endogenous reservoir and clinical 
specimen, only one strain-specific RAPD banding 
patterns was generated using all four primers. In the 
patient No. 21, healthcare hands and bedsore wounds 
were regarded as two diverse sources where C. krusei 
was identified. The obtained electrophoretic patterns 
were remarkably similar in size and design using pri-
mer No. 1, confirming the exogenous source of infec-
tion for C. krusei-associated disease, whereas, the pat-

terns achieving from RAPD analysis with the other 
three primers have not met the same results, and thus 
have not complied with results getting from primer No. 
1. No certain origin was identified in this case. 

Figures 3-6 demonstrated examples of RAPD var-
iations of identified Candida species by using primers 
No. 1, 5, 6 and 7. Regardless to strain sources, several 
bands with different sizes and variable electrophoretic 
patterns were observed using all four primers demon-

 
Fig. 3: RAPD typing patterns with Candida species by using primer No 1. Patient No 5 (strains 15 and 16): C. pa-
rapsilosis. Patient No 7 and 9 (strains 22-25 and 28-30): C. albicans type (A). Patient No 14 (strains 43-48): C. trop-
icalis type (a) and (b). Patient No 16 (strains 53-58): C. albicans type (A) and (B). Patient No 18 (strains 63 and 64): 
C. albicans type (A) and (C). Patient No 19 (strains 67-69): C. albicans type (A) and (C). Patient No 21 (strains 85 
and 86): C. krusei. Patient No 24 (strains 71, 72 and 81-84): C. albicans type (A) 
 
 

 
Fig. 4: RAPD typing patterns with Candida species by using primer No 5. Patient No 5 (strains 15 and 16): C. pa-
rapsilosis. Patient No 7 and 9 (strains 22-25 and 28-30): C. albicans type (A). Patient No 14 (strains 43-48): C. trop-
icalis type (a), (b) and (c). Patient No 16 (strains 53-58): C. albicans type (A) and (B). Patient No 18 (strains 63 and 
64): C. albicans type (B). Patient No 19 (strains 67-69): C. albicans type (A) and (B). Patient No 21 (strains 85 and 
86): C. krusei. Patient No 24 (strains 71, 72 and 81-84): C. albicans type (A). 
 
 

 
Fig. 5: RAPD typing patterns with Candida species by using primer No 6. Patient No 5 (strains 15 and 16): C. pa-
rapsilosis. Patient No 7 and 9 (strains 22-25 and 28-30): C. albicans type (A). Patient No 14 (strains 43-48): C. trop-
icalis type (a) and (b). Patient No 16 (strains 53-58): C. albicans type (A) and (B). Patient No 18 (strains 63 and 64): 
C. albicans type (A) and (B). Patient No 19 (strains 67-69): C. albicans type (B). Patient No 21 (strains 85 and 86): 
C. krusei. Patient No 24 (strains 71, 72 and 81-84): C. albicans type (A). 
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strating different discriminatory power for each pri-
mer. Totally, thirteen different types were obtained 
for C. albicans strains. Primers No. 5, 6, and 7 gener-
ated only three different patterns while four distin-
guishable different patterns were observed within 
strains using primer No. 1 suggesing the highest de-
gree of discriminatory power for this primer. The 
predominant strains were grouped as type A compris-
ing 37 strains out of total 43 C. albicans strains. In 
contrast to C. albicans, in C. tropicalis, primers No. 5 
and 7 yielded more variable RAPD patterns such that 
three variable banding patterns in different sizes that 
were produced by the primers, whereas primers No. 1 
and 6 revealed only two distinguishable electrophoretic 
patterns. The most common strains were grouped as 
type (a) comprising 5 strains out of overall 8 C. tropi-
calis strains (data not shown).  
 
 
Discussion 
 
Since the incidence of nosocomial Candida infections 
have been constantly increasing in parallel with the 
raising in the number of patients involving in predis-
posing factors, determining the sources and the ways 
of acquisition of infection is more likely to be an effi-
cient strategy to prevent both affliction and expansion 
of the diseases.5,20,21  

In the present study, we chose a sort of random 
primers such that the strains could be discriminated 
from each other. To determine the sources, those pa-
tients whose isolated strains were the same, both from 
their clinical samples and the other reservoirs, should 
be appointed. Only 18 out of 27 cases represented the 
identical species from the reservoirs and the source of 
infection in remaining 9 patients were left unknown. 
The RAPD analysis used in this study was success-

fully able to grouping isolates from various kinds of 
sources to find probable predominant strain consider-
ing as the causing agents of the fungal disease. Addi-
tionally, RAPD assay could make a reasonable rela-
tionship between acquired infections and their 
sources. The study raises the possibility that at least 
some infections were originated from the exogenous 
sources. Hence, complying the health care rules is a 
necessity even in modern hospitals. However, we 
were not able determine the source in three patients 
(No. 18, 21 and 27). Owing to this fact that choosing 
the most efficient primers is the golden passkey to 
overcome the limitations, the ambiguous results ob-
tained from these three patients may pose the lack of 
enough degree of discriminatory power of primers to 
delineate some Candida strains. Therefore seeking for 
such primer or sets of combined primers which can 
effectively distinguish between the strains should be 
taken into consideration in hope that the assay would 
completely discriminate the Candida strains isolating 
from health care settings. Furthermore, there is a 
strong possibility that infections may originate either 
from other parts of body (as normal flora) or other 
material and medical devices which have not been 
examined. So that, missing of some strains seems to 
be inevitable.  

In spite of the limitations to strain delineation in 
Candida species, development of efficient, high dis-
criminatory and easy to interpret RAPD method is not 
certainly unforeseen by applying some smart details 
such as applying a variety sets of primers and com-
paring various conditions.12 In view of the results, a 
combination of several typing methods may be re-
quired to strain determination in Candida infections. 
This is supported by other investigators too.12,22-24 The 
notable point is that cross-transmission may be one of 
probable routes of acquisition of nosocomial  

 
Fig. 6: RAPD typing patterns with Candida species by using primer No 7. Patient No 5 (strains 15 and 16): C. pa-
rapsilosis. Patient No 7 and 9 (strains 22-25 and 28-30): C. albicans type (A). Patient No 14 (strains 43-48): C. 
tropicalis type (a), (b) and (c). Patient No 16 (strains 53-58): C. albicans type (A). Patient No 18 (strains 63 and 
64): C. albicans type (A). Patient No 19 (strains 67-69): C. albicans type (A). Patient No 21 (strains 85 and 86): C. 
krusei. Patient No 24 (strains 71, 72 and 81-84): C. albicans type (A). 
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Candida-related infections. Unfortunately, hospitali-
zation itself have been now regarding as a remarkable 
predisposing factor which can facilitate affliction es-
pecially in individuals who suffer from some stages 
of acquired or inherited immunodeficiency.  

As the conclusion, the species of yeasts isolated 
from various clinical and environmental samples 
were determined by PCR-RFLP. We also found that 
RAPD assay can point out the genomic variability 
within the Candida species and the method can show 
a probable relationship between acquired infections 
and their sources. More studies are still required in 

this field. 
 
 
Acknowledgements 
 
We would like to thanks the staff at Shohadaye-
Tajrish hospital for their support for collecting the 
samples. We also thank Mrs. Nilufar Jalalizand and 
Mr. Reza Jafari at National Institute of Health Re-
search (Isfahan branch) for their kind helps. 
 
Conflict of interest: None declared. 

 
 
References 
 

 
 
 

1 Bougnoux ME, Aanensen DM, 
Morand S, Théraud M, Spratt BG, 
d'Enfert C. Multilocus sequence typing 
of Candida albicans: strategies, data 
exchange and applications. Infect 
Genet Evol 2004;4:243-52. [15450 
203] [doi:10.1016/j.meegid.2004. 
06.002] 

2 Cliff PR, Sandoe JA, Heritage J, 
Barton RC. Use of multilocus 
sequence typing for the investigation 
of colonisation by Candida albicans 
in intensive care unit patients. J Hosp 
Infect 2008;69:24-32. [18396349] 
[doi:10.1016/j.jhin.2008.02.006] 

3 Steffan P, Vazquez J, Boikov D, Xu 
C, Sobel J, Akins R. Identification of 
Candida species by randomly 
amplified polymorphic DNA 
fingerprinting of colony lysates. J Clin 
Microbiol 1997;35:2031-9. [9230376] 

4 Carvalho A, Costa-De-Oliveira S, 
Martins ML, Pina-Vaz C, Rodrigues 
AG, Ludovico P, Rodrigues F. 
Multiplex PCR identification of eight 
clinically relevant Candida species. 
Med Mycol 2007;45:619-27. [1788 
5953] [doi:10.1080/13693780701 
501787] 

5 Trtkova J, Raclavsky V. Molecular-
genetic approaches to identification 
and typing of pathogenic Candida 
yeasts. Biomed Pap Med Fac Univ 
Palacky Olomouc Czech Repub 
2006;150:51-61. [16936901] 

6 Tortorano AM, Peman J, Bernhardt 
H, Klingspor L, Kibbler CC, Faure O, 
Biraghi E, Canton E, Zimmermann 
K, Seaton S, Grillot R; ECMM 
Working Group on Candidaemia. 
Epidemiology of candidaemia in 
Europe: results of 28-month 
European Confederation of Medical 
Mycology (ECMM) hospital-based 
surveillance study. Eur J Clin 
Microbiol Infect Dis 2004;23:317-22. 
[15029512] [doi:10.1007/s10096-00 
4-1103-y] 

7 Lott TJ, Scarborough RT. 
Development of a MLST-biased SNP 
microarray for Candida albicans. 
Fungal Genet Biol 2008;45:803-11. 
[18334305] [doi:10.1016/j.fgb.2008. 
01.005] 

8 Van Asbeck EC, Clemons KV, 
Markham AN, Stevens DA; Candida 
Parapsilosis Global Epidemiology 
Group. Molecular epidemiology of 
the global and temporal diversity of 
Candida parapsilosis. Scand J Infect 
Dis 2008;40:827-34. [18609202] 
[doi:10.1080/00365540802144133] 

9 Badiee P, Alborzi A, Shakiba E, 
Ziyaeyan M, Rasuli M. Molecular 
identification and in-vitro susceptibil-
ity of Candida albicans and C. dub-
liniensis isolated from  immunocom-
promised patients. Iran Red Cres-
cent Med J 2009;11:391-397. 

10 Japoni A, Mehrabani D, Alborzi A, 
Farshad Sh, Hayati M, Dehyadegari 
MA. Effect of cyclophosphamide on 
the course of Candida albicans in-
fection in normal and vaccinated 
mice. Saudi Med J 2006;27:447-52. 
[16432593] 

11 Pfaller M. Nosocomial candidiasis: 
emerging species, reservoirs, and 
modes of transmission. Clin Infect 
Dis 1996;22:S89-94. [8722834] 

12 Lopez-Ribot JL, McAtee RK, 
Kirkpatrick WR, Perea S, Patterson 
TF. Comparison of DNA-based 
typing methods to assess genetic 
diversity and relatedness among 
Candida albicans clinical isolates. 
Rev Iberoam Micol 2000;17:49-54. 
[15813695] 

13 Valério H, Weikert-Oliveira R, 
Resende M. Differentiation of 
Candida species obtained from 
nosocomial candidemia using RAPD-
PCR technique. Rev Soc Bras Med 
Trop 2006;39:174-8. [16699645] 

14 Soll D. High-frequency switching in 
Candida albicans. Clin Microbiol 

Rev 1992;5:183-203. [1576587] 
15 Leinberger D, Schumacher U, 

Autenrieth I, Bachmann T. 
Development of a DNA microarray 
for detection and identification of 
fungal pathogens involved in invasive 
mycoses. J Clin Microbiol 2005; 
43:4943-53. [16207946] [doi:10.11 
28/JCM.43.10.4943-4953.2005] 

16 Garcia-Hermoso D, Cabaret O, 
Lecellier G, Desnos-Ollivier M, 
Hoinard D, Raoux D, Costa JM, 
Dromer F, Bretagne S. Comparison 
of microsatellite length polymorphism 
and multilocus sequence typing for 
DNA-based typing of Candida 
albicans. J Clin Microbiol 2007;45: 
3958-63. [17928418] [doi:10.1128/ 
JCM.01261-07] 

17 Yamada Y, Makimura K, Merhendi 
H, Ueda K, Nishiyama Y, Yamaguchi 
H, Osumi M. Comparison of different 
methods for extraction of 
mitochondrial DNA from human 
pathogenic yeasts. Jpn J Infect Dis 
2002;55:122-5. [12403909] 

18 Mirhendi H, Makimura K, 
Khoramizadeh M, Yamaguchi H. A 
one-enzyme PCR-RFLP assay for 
identification of six medically 
important Candida species. Nippon 
Ishinkin Gakkai Zasshi 2006;47:225-
9. [16940958] [doi:10.3314/jjmm. 
47.225] 

19 Mirhendi H, Adin H, Shidfar MR, 
Kordbacheh P, Hashemi SJ, 
Moazeni M, Hosseinpour L, Rezaei 
Matehkolaie A. Identification of 
Pathogenic Candida Species: PCR-
Fragment Size Polymorphism (PCR-
FSP) Method. Tehran Univ Med J 
2008;66:635-49. 

20 Wenzel R. Nosocomial candidemia: 
risk factors and attributable 
mortality. Clin Infect Dis 1995;20: 
1531-4. [7548504] 

21 Jarvis W. Epidemiology of 
nosocomial fungal infections, with 

http://www.irmj.ir


Strain typing of Candida 
 

WWW.irmj.ir Vol 12 September 2010 547 

emphasis on Candida species. Clin 
Infect Dis 1995;20:1526-30. [754 
8503] 

22 Merz W. Candida albicans strain 
delineation. Clin Microbiol Rev 
1990;3:321-34. [1977511] 

23 Espinel-Ingrof A, Vazquez J, Boikov 
D, Pfaller M. Evaluation of DNA-

based typing procedures for strain 
categorization of Candida spp. 
Diagn Microbiol Infect Dis 1999; 
33:231-9. [10212749] [doi:10.1016/ 
S0732-8893(98)00143-6] 

24 Díaz-Guerra TM, Martínez-Suárez 
JV, Laguna F, Rodríguez-Tudela JL. 

Comparison of four molecular typing 
methods for evaluating genetic 
diversity among Candida albicans 
isolates from human immunode-
ficiency virus-positive patients with 
oral candidiasis. J Clin Microbiol 
1997;35:856-61. [9157142] 

 

http://www.irmj.ir

