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  Candidaalbicansare members of normal flora of 
the skin, mucous membrane, gastrointestinal and 
genital tract, so they are endogenous and
opportunistic (Sano et al., 2014), While usually 
living as commensals, but turn pathogenic or 
opportunistic after alteration of the host immune 
system (Krasner, 2002 ). 
 Candida albicansare a common cause of 
intertrigo in both elderly and diabetic patients
(English et al., 2003). Intertrigo is the clinical 
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A B S T R A C T 
Background:Candida albicansare a common cause of intertrigo
diabetic patients. Intertrigo is an inflammatory condition of skin folds
aggravated by heat, moisture, maceration, friction and lack of air circulation .
true opportunistic pathogens.Itis a yeast-like fungus, 
morphology shows spherical to oval shape, whichis a dimorphic fungus, it can take two 
forms, the yeast form in a non-invasive, and the hyphal form which can penetrate the 
mucosa, and it is invasive.Objectives:The present study aims
identification of Candida albicansfrom diabetic patients with 
infection andmolecular detection of some virulence genes of 
asCandida albicansspecific gene  (CALB1) , hyphal wall protein 1 
like sequence1 ( ALS1)  ,alpha integrine like sequence 1 (
proteinase 1 (SAP1) and phospholipase B 1 ( PLB1)  by using PCR primer.
results of this study showed that C.albicans was identified in 22 of the 51 samples by 
using  the C. albicans specific gene  CALB 1.Alpha integrine like sequence and 
agglutinine like sequence  were seen to be present in all  isolates (100%) which were 
isolatedfrom candidaintertrigo of diabetic patients , whereas
were present in twenty isolates(90.9 %), Besides, secreted aspartyl proteinase 
detected in thirteen isolates(59.09% ) only ,phospholipaseB1 gene  
(13.63%) isolates.Conclusions : Candida albicansis pathogenic to human if it is 
isolated from diabetic patients with candidaintertrigo infection .The CHROMagar is not 
always essential for presumptive diagnosis of Candida
combination of some phenotypic and genotypic identification by specific gene
The isolates ofC. albicanswereseen to be ableto produce different virulence genes such 
as, HWP1,SAP1 ,α INT 1, ALS 1 and PLB 1  thismakes the fungi  more dangerous. 
INT 1  and  ALS 1 are common in all C. albicansisolatesrefer to important role of these  
genes in theadherence and pathogenesis  of candidal infection. The 
essential for invasive infection, so this explain it's presence in three isolates only. 
plays a major role in tissue invasion andvirulence, also the 
isolatesrefer to important role of this gene in the biofilm and germ tube formation  and 
also pathogenesis of C. albicansinfections. 
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 C. albicanshave many virulence factors such as 
Hyphal wall protein 1 is a mannoprotein located on 
the surface of the hyphae in the hyphal form of 
Candida albicans, which functions as an adhesion 
and also for biofilms, is important for the 
pathogenesis of candidiasis, systemic candidiasis 
(Sundstromet al., 2002). HWP1 is part of a core of 
eight genes induced during filamentation of C. 
albicans (Martin et al., 2013). Whether Hwp1 
functions as an adhesin in the absence of host 
transglutaminase activity is less certain, though the 
possibility has never been ruled out (Nobile et al., 
2006 b). 
 Phospholipases protein 1 (PLB1 p)is an 
important candida virulence factor (Ghannoum, 
2000). Phospholipase B1 is secreted during invasion 
of the gastrointestinal tract and C. albicans mutants 
lacking PLB1 are significantly attenuated in 
virulence in both an intragastric infant and an 
intravenous model. The PLB1 gene appears thus far 
to be the single most important contributory factor 
for phospholipase activity of C. albicans.Targeted 
mutagenesis of PLB1 in C. albicans has shown 
partial or complete attenuation of virulence and a 
significant reduction of phospholipase B activity in 
comparison to the parental wild-type strain 
(Samaranayake et al ., 2005). 
 However, secretory aspartyl proteinases (Saps) 
are a Hydrolytic enzymes, have often been suggested 
to be involved in the virulence of the opportunistic 
pathogen Candida albicans (Naglik et al., 2003). 
SAP 1 cleave peptide bonds in larger hydrophobic 
amino acids; SAP1 act on phenylalinine, Disruption 
of SAPs has resulted in decreased virulence in mouse 
models (Khan et al., 2010). Also,  SAP1 was shown 
to be regulated during phenotypic switching in 
particular strains, which involves the rapid change of 
a large number of different phenotypes and is 
presumably regulated via a master switch mechanism 
(HubeandNaglik , 2001). 
 Agglutinin-like sequence 1 gene estimated sizes 
is 600 kDa. ALS1 gene encodes an adhesion that 
mediates attachment to endothelial cells given a 
sufficient abundance on the cell surface. It is 
important for hyphal formation as well as adherence 
(Ibrahim et al ., 2002).  
 However,Als1 is closely related to Als3 in 
sequence, regulation, and function, as determined in 
diverse assay systems (Phan et al.,2007) also , have 
overlapping functions promote biofilm formation in 
vitro, and many have that capacity in vivo as well 
(Nobile et al., 2008). 
 In C. albicans, INT1 is a virulence factor that 
contributes to the ability of the pathogen to adhere to 
epithelial cells (Asleson et al., 2001). The 
gene αINT1 encodes a 188 kDa protein in Candida 
albicans that is structurally related to αM and αX 
chains of the β2 integrin family has been cloned in C. 
albicansblastospores. Destruction of the INT1 gene 
in C. albicans suppresses hyphal growth, adhesion to 

epithelial cells, and virulence, suggesting a relevant 
role for integrin-related receptors in C. albicans 
pathogenicity. INT1 gene has been reported to affect 
epithelial adhesion (adherence to HeLa cells), 
filamentous growth (using agar media known to 
facilitate filamentation), and virulence (Hostetter et 
al., 2002). 
 

MATERIALS AND METHODS 
 

Patients: 
 Samples were collected from the folded areas of 
the skin (underbreast, interdigital, interfinger, thighs 
and axillary) areas of the 180 persons (130diabetic 
patients and 50 healthy individuals as a control) 
comply of intertrigo, by swabbing the skin with a 
sterile swab.All patients were examined clinically for 
the presence of the signs of candidaintertrigowho 
admitted to Murjan Teaching Hospital Cityin 
Babylon Governorate. 
 
Fungal identification: 
 The samples were processed by inoculating in 
Sabouraud's dextrose agar medium supplemented 
with chloramphenicol antibiotic (250mg /liter), germ 
tube test, chlamydosporeformation,Chromagar, 
sugarfermentation and molecular identification. 
 
DNA Extraction for fungi: 
 DNA extraction was carried out according to 
thegenomic DNA purification kit supplemented 
bymanufactured company (Favorgen, taiwan). 
 
Detection of Some Virulence Gene markers by 
PCR: 
 The primers and PCR conditions used to amplify 
genes encoding virulence factors with PCR arelisted 
in Table (1). The primers includesCALB1, HWP1, 
ALS1, αINT1, SAP1 and PLB1.Each 25μl of PCR 
reaction contained 2.5μl of each upstream and 
downstream primer, 2.5μl of free nuclease water, 5μl 
of DNA extraction and 12.5 μl of master mix. The 
PCR amplificationproduct were visualized by 
electrophoresis on 1% agarose gels for 45 min at 
70v. The size ofthe amplicons were determined by 
comparison to the 100 bp allelic ladder (promega, 
USA). 
 
Results: 

Six primers were used to investigate the 
presence of six important genes these areCALB1, 
HWP1, ALS1, αINT1, SAP1 and PLB1 genes for  
(51)isolatedofC. albicansfrom candidaintertrigo 
infection of diabetic patients . 

Twenty two  isolates of C. albicans out of 51 
were detected by molecular method focusing on the 
role of CALB 1 gene of C. albicansasshown in figure 
(1). The specificity of the C. albicans primer were 
used to amplify (273bp) fragment of CALBgene and  
not amplify the target DNA of non-albicans isolates. 
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Table 1:Primers of virulence gene used in PCR. 

Genes Primer sequence (5ʹ-3ʹ) Size of 
product bp PCR condition Reference 

 
CALB1-F 

 
CALB1-R 

 
TTTATCAACTTGTTGTCACACCAGA 

 
ATCCCGCCTTACCACTACCG 

 

 
273 

95 ºC     5min    1x 
 

Imran and Al-
Shukry,2013 

95ºC     30 sec. 
56ºC1.5 min   30x 

72 ºC     1 min 
72ºC   7 min     1x 

 
HWP1- F 

 
HWP1- R 

 
ATG ACT CCA GCT GGT TC 

 
TAG ATC AAG AAT GCA GC 

 
572 

94ºC4 min     1x 

 
(İnciet al ., 2013) 

94 ºC30 sec 
52 ºC     1 min  35x 

72 ºC2 min 
72ºC5 min     1x 

 
ALS1- F 

 
ALS1 -R 

 
 

 
GAC TAG TGA ACC AAC AAA TAC CAG A 

 
CCA GAA GAA ACA GCA GGT GA 

 
318 

 

94ºC     2min    1x 

 
(İnciet al ., 2013) 

94ºC      4 min 
52ºC      1min      35x 

72ºC      2 min 

72ºC    5 min   1x 

AINT1-F 
 

AINT1-R 
 

AAGCTCTGATACCTACACTAGCGA 
 

GTTAGGTCTAAAGTCGAAGTCATC 

 
239 

92ºC     5min    1x 

(Lim and Lee, 2002) 
92ºC      1 min 

65ºC      1min      30x 
72ºC      1min 

72ºC    5 min   1x 

SAP1-F 
 

SAP1-R 

GCT CTT GCT ATT GCT TTA TTA 
 

CAT CAG GAA CCC ATA AAT CAG 
 
 

 
253 

95ºC     5min    1x 

(Kalkanciet al ., 
2005) 

95ºC      4 min 
49ºC      1min      30x 

72ºC      1min 
72ºC      5min   1x 

PLB1-  F 
 

PLB1-R 
 

ATGATTTTGCATCATTTG 
 

AGTATCTGGAGCTCTAC 

 
751 

94ºC5min     1x  
(Mukherjee et al., 

2003) 
 
 

94ºC     1min 
47ºC     1min   35x 

72ºC     1min 
72ºC    5min    1x 

 

'  
Fig. 1: Gel electrophoresis of PCR of calb1  amplicon ; L (ladder) molecular weight marker of ladder (100 bp),1 
 -12 samples obtained from intertrigo patients. 
 
 Molecular detection of Hyphal wall protein 
1(Hwp1) was observed in(20) isolates  of C. 
albicanswith longlength in (572bp) as shown in 
Figure (2). 
 While phospholipase B1 protein was observed 
in(3)isolates with long length in (751 bp) as shown in 
Figure (3). 
 It has found that αINT1gene present in all 
isolates of C. albicanas shown in figure ( 4 ).  

This study  found that (13) isolates of C.albicans 
give the positive amplicon for secretory aspartyl 
proteinase gene (Sap1)  with long length (253bp) as 
shown in figure (5). 

It was found that ALS1 marker was observed in 
all fungal isolates (100 %) with molecular size 
(253bp )as shown in figure (6). 
 

 

 
Fig. 2: Gel electrophoresis of PCR ofHWP1 amplicon ; L (ladder) molecular weight marker of ladder  
 (100 bp),1 -12 samples obtained from intertrigo patients. 

L      1       2       3       4       5     6      7        8      9    10    11     12

273 bp 

572 bp 

L     1      2     3     4      5     6      7     8     9    10   11   12 
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Fig. 3: Gel electrophoresis of PCR ofplb1  amplicon ; L (ladder) molecular weight marker of ladder (100 bp),1 -
 12 samples obtained from intertrigo patients  
 

 
 
Fig. 4: Gel electrophoresis of PCR ofαINT1  amplicon ; L (ladder) molecular weight marker of ladder  
 (100 bp),1 -12 samples obtained from intertrigo patients. 
  

 
 
Fig.5: Gel electrophoresis of PCR ofSap1  amplicon ; L (ladder) molecular weight marker of ladder (100 bp),1 
 -12 samples obtained from intertrigo patients. 
 

 
 
Fig. 6: Gel electrophoresis of PCR ofALS1  amplicon ; L (ladder) molecular weight marker of ladder (100 bp),1 
 -12 samples obtained from intertrigo patients. 
 
Discussion: 
 C. albicans in diagnostic laboratory is based on 
phonotypic characteristics including colonial 
morphology on SDA andChromCandida Differential 
agar, Chlamydospore, germ tube formation ,sugar 

fermentation and API Candidasystem was used for 
identification of Candida species . 

The specific primer was used for diagnosis of C. 
albicans based on the sequence data for (ITS) region, 
CALB is rapid, and sensitive genotypic method to 

751 bp 

L        1        2         3        4         5         6         7       8         9     10      11     12 

L       1      2      3       4       5       6       7       8      9     10    11 12 

253 bp 

L       1       2      3       4       5      6       7      8        9      10    11    12 

253 bp 

L       1        2       3       4       5       6       7      8        9       10     11   12 

318 bp 
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differentiate C. albicans from other candida spp. 
(Chen et al ., 2001). This type of contradictory 
diagnosis by CHROMagar when compared with 
molecular diagnosis may reveal that CHROMagar is 
not always essential for presumptive diagnosis of 
Candida. So there was required a combination of 
some phenotypic and molecular methods for 
presumptive identification of most Candida isolates. 
These results are same with the ones obtained by 
Ahmed et al., (2002) who stated the limitation of 
phenotypic tests and the molecular methods, 
especially PCR which is being increasingly used for 
rapid detection of Candida than conventional 
phenotypic methods. 

Detecting the presence of the HWP1 gene in C. 
albicans strains isolated from clinical specimens will 
help to ascertain the roles of the gene in colonization 
and disease. This results is agreement with results 
obtained by (NAS et al., 2007) who found our 
isolates were PCR positive for Hyphal wall 
protein(73 %)and  this  result disagreement with  the  
result  obtained  by (İNCİ, et al., 2012) who found 
that (5 %) rate for Hwp1, during the screening of 
C.albicans isolates.Hwp1is well known for its role in 
host cell attachment and is among the most well 
characterized C. albicanscell surface proteins 
(Sundstrom et al ., 2002). 

However, three of C. albicansisolates were 
found to be able to producePlb1gene this results is 
agreement with results obtained by (Nagliket al., 
2003) who found isolates from carrier state were 
PCR positive for phospholipase B1 proteinin (14%), 
also this  result disagreement with  other clinical 
sample  obtained  by (Naglik et al., 2003) who found  
( 63 % ) for plb 1production , during the screening of 
C.albicans isolates. The causes of low rate percent of 
these gen because of the Phospholipase B1 is 
secreted during invasion of the gastrointestinal tract 
(Ghannoum, 2000) while in this study the C. 
albicans isolated from the skin. 

Phospholipases is considered a key attribute that 
aids invasion of the host mucosal epithelia (Leidich 
et al., 1998) .In vivo testing demonstrated that the 
plb1 strain was significantly less virulent than the 
control strains in both the mouse inhalational model 
and the rabbit meningitismodel,butit appears that in 
oral C. albicans isolates in HIV infection there may 
be no significant association between the degree of 
PLB1 expression and other widely recognized major 
virulence attributes . It is also the phospholipase 
activity of C. albicans may be related to its resistance 
to antifungal drugs (Samaranayake et al., 2002). 

The investigation of  Integrin-like1 gene 
(αINT1) by PCR technique in all isolates was 
disagreement  with  the  result  obtained  by (Sabeeh 
et al., 2013) who found that (5 %) rate for αINT1, 
during the screening of  C. albicans isolates.  

Integrin-like proteins in fungal pathogens are 
likely to involve in surface attachment and pre-
penetration stage development, however, whether 

integrin-like proteins contribute to the virulence of 
fungal pathogen is still unknown (Tucker and  
Talbot., 2001), the integrin-like nature of αInt1p and 
demonstrate that absence of a single αINT1 allele 
significantly impairs epithelial adhesion and germ 
tube formation in C. albicans(monoallelic disruption 
of αint1 reduces antibody binding, adhesion, and 
germ tube formation in C. albicans ) (Wang et al., 
2010). 

While secretory aspartyl proteinase gene (Sap1) 
results is agreement with result obtained by (Nagliket 
al., 2003) who was  found  the ability of C.albicans 
to produce SAP1 gene are (70%),but this result is 
disagreement to the result obtained by (Tavanti et al., 
2004) who found SAP1 gene detected in (25 %) only 
of the C.albicansisolates from clinical samples. 

The complexity of Sap involvement in C. 
albicans virulence has been highlighted by the fact 
that (Sap) production is associated with a number of 
other putative virulence attributes of C. albicans 
including hyphal formation, adhesion, and 
phenotypic switching. The processes by which 
C.albicans transition from commensal saprophytes 
into invasive pathogens involve a network of 
virulence traits, (White et al., 1993; Miyasaki et al., 
1994) including hydrolytic enzymes Sap. The main 
roles of the C. albicans aspartyl proteinases are to 
provide nutrition for the cells, to aid penetration and 
invasion, and to evade immune responses (Newport 
et al., 1997). 

The results obtained in the detection of 
agglutinin like sequence 1 was identical with the 
results previouslymentioned by (Ali et al., 2015) who 
detected  Agglutinin-like sequence1gene by PCR 
which found the ability of C.albicans to produce 
ALS1gene at a rate(87.5 %) of  clinical isolates . 
However, this result was disagreement with results 
obtain of (Inci et al., 2012) who found that the 
ALS1gene is present in approximately (50%) of the 
isolates. 

This difference in the results of the current study 
and other results obtained may come from the 
differences in sample groups and the methods used 
for diagnosis and may due to the differences in the 
number of the samples. 
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