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ABSTRACT 
 
Aims : Detect the incidence of urinary tract infection caused by candida species and to determine 
their antifungal susceptibility, biofilm formation and its minimal biofilm inhibitory concentration. In 
addition, detect the importance of multiplex nested polymerase chain reaction (PCR) in detection of 
candidemia in serum of patients with candidurea. 
Methodology:  Study was carried out by collecting urine samples from 200 patients admitted in the 
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intensive care unit inMenoufia university hospitals and suspected to have hospital acquired urinary 
tract infection. Isolation, identification and antifungal susceptibility testing were done. Biofilm 
formation and Minimum biofilm inhibitory concentration testing were detected. Patients with positive 
candiduria were tested for the presence of candida in serum by multiplex nested PCR. 
Results:  Candida spp. were isolated from urine of 38(19%) patients, 78.9% of them were 
catheterized, C. albicans was isolated from 18(47.3%) samples as detected by Analytical profile 
index (API system). Antifungal susceptibility show that Flucytosmine, Amphotericin B, Voriconazole 
were more effective antifungal agents against Candida spp (100%, 84.2% and 84.2% respectively). 
A total of 26 (%68.4) out of 38 Candida species isolates produced biofilm. 72.2% of the tested                
C. albicans, were resistant to fluconazole and had MBIC > 640 µg/mL while only 27.8% were 
sensitive to fluconazole and had MBIC < 10 µg/mL. 26.3% out of 38 patients with candiduria had 
candidaemia as detected by multiplex nested CR. 
Conclusion:  Candida albicans is the most common Candida spp that show biofilm production. 
There is increased in the percentage of the resistance to fluconazole in candida isolates in this 
study. The incidence of candidemia among patients with candidurea was high in our study. 
 

 
Keywords: Candiduria; biofilms; MBIC; antifungal susceptibility; multiplex nested PCR. 
 
1. INTRODUCTION 
 
Nosocomial candidal infections had emerged as 
an increasing problem in the last years [1]. 
Candida spp rarely encountered in urine is in 
healthy people with structurally normal urinary 
tract. However, It is of common occurrence in 
hospitalized patients [2,3]. 
 
Candida spp are opportunistic mycoflora found 
frequently in genitourinary tract of humans 
especially in the immunocompromised, diabetics 
or pregnant women. If left untreated, this may 
lead to systemic candidiasis, multiple organ 
failure or death [4]. 
 
In the Intensive Care Units (ICU), there are many 
risk factors that can leads to increasing 
candiduria, such as use of indwelling urinary 
devices, frequent use of antibiotics, diabetes 
mellitus, immunosuppressive therapy, severity of 
the underlying illness, extreme of age, female 
sex, and prolonged hospitalization [5]. 
 
The genus Candida includes several species 
implicated in human pathology such as C. 
albicans, C. tropicalis, C. parapsilosis, C. 
glabrata, C. krusei, C. lusitaniae, C. kefyr, 
C.guilliermondii and C. dubliniensis [6]. Candida 
albicans is by far the most common cause of 
mucosal yeast infection. 
 
Candida expresses a variety of virulence factors 
that contribute to its pathogenesis for persistent 
infection and tissue damage of the host when 
immunity is debilitated [7,8]. Major virulence 
factors of Candida are its ability to adapt to a 
variety of habitats of the body (oropharyngeal, 
gastrointestinal and female genitalia), adherence 

to host cells, the ability to switch between the 
yeast form and filamentous (pseudo hyphae 
formation), biofilm formation and production of 
hydrolytic enzymes such as proteinases, 
phospholipases, lipases and other factors play a 
major role in successful colonization and 
subsequent infection of Candida [8].  
 
The important factors contributing to the 
virulence of Candida is the formation of surface 
attached microbial communities known as 
“biofilms” [9]. Biofilms are attached to a surface 
and encased in a matrix of exopolymeric 
material. A typical laboratory fungal model of 
biofilm formation involves three operational 
steps: (a) adhesion, (b) biofilm growth, and (c) 
maturation [10]. Biofilm formation helps the 
organism to evade host defenses, exist as a 
persistent source of infection and develop 
resistance against antifungal agents [11,10]. The 
resistance of biofilm forming Candida spp. to 
antifungal agents represents a major challenge 
especially in the design of therapeutic and 
prophylactic strategies [12]. The detachment of 
cells from an adherent biofilm on a catheter can 
give rise to a septicemia that may respond to 
conventional drug therapy. However, biofilm cells 
are not killed by such treatment and remain as a 
reservoir of infection until the implant is removed 
[13]. 
 
Candidemia is late-onset ICU-acquired infection 
associated with high mortality [14]. 
 
It is associated with a considerable increase in 
hospital costs and length of hospital stay [15]. 
 
The evidences to determine a proper correlation 
between candiduria and invasive candidiasis is 
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not yet clear or well established, due to 
publication of conflicting results and the lack of 
consensus [16]. 

  

2. MATERIALS AND METHODS 
 
This study was done in intensive care unit at 
Menufiya University Hospitals, Egypt between 
October 2014 and April 2015 included 200 
patients admitted in the intensive care unit and 
suspected to have hospital acquired UTI. 
Detailed informations, including age, gender, use 
of catheter, antibiotics, diabetes mellitus. 
 
Urine specimens were collected as midstream 
morning sample or from the port of the               
catheter and processed form microbiological 
examinations, culture, identifications and 
antimicrobial sensitivity.  

 

2.1 Culturing on Sabouraud's Dextrose 
Agar (SDA) 

 
All samples were cultured onto Sabouraud's 
Dextrose Agar (SDA) (HiMedia, Mumbai, India) 
plates supplemented with 0.05% (W/V) 
chloramphenicol [17]. Cultures were incubated at 
37ºC for 24-48 hours . 
 

2.2 Culturing on CHROM Agar Candida  
 
Chrom agar contain chromogenic substrates 
which react with enzymes secreted by the target 
microorganisms to yield colonies of varying 
colours [18]. In this study, we used CHROMagar 
Candida from (CHROM agar Company, Paris, 
France). Separate colonies proved to be Candida 
by growth on Sabouraud's dextrose agar and 
gram stain were used to grow on chrom agar. 
 
Presumptive identification was done based on 
colony color of the growing Candida strains. 

 
C. kruseiATCC® 14243 .................pink and 
fuzzy 
 

C. albicansATCC® 60193 ............ green 
 

C. tropicalisATCC® 1369 ............. metallic 
blue 
 

C. glabrataATCC® 2001 ............... mauve 
 

E. coli ATCC® 25922 ....................inhibited 
 

2.3 Germ-Tube Test 
 
Small inoculum of suspected Candida cultures 
that had been confirmed by chrom agar were 
inoculated into 1 ml of human serum in a small 

tube and incubated at 37ºC for 2 hours. The 
germ tube is indicative of C. albicans and                    
C. dubliniensis. This test is negative with other 
Candida species. [17]. 
 

2.4 Culturing on Corn Meal Tween 80 
Agar (CMA)  

 
As recommended by [19,20], chlamydospore 
formation by certain Candida species                           
(C. albicans and C. dubleniensis) is an 
encouraged by culturing on CMA.  
 

2.5 API Identification System 
 
Integral system yeasts Plus (Liofilchem, s.r.l., 
Italy), for Identification and Antifungal 
Susceptibility Testing of the main pathogenic 
yeasts from Clinical Specimen. For Yeast 
Identification, the kit contain 12 sugar 
assimilation tests and 1 new chromogenic test. 
For Antifungal Susceptibility Testing, 10 
standardized antifungal agents (Nystatin, 
Amphotericin B, Flucytosine, Econazole, 
Ketoconazole, Clotrimazole, Miconazole, 
Itraconazole, Voriconazole, Fluconazole) 
 

2.6 Antifungal Susceptibility Test 
 
The disc diffusion test was performed according 
to the procedure described in the Clinical and 
Laboratory Standard Institute [21]. The turbidity 
was adjusted to yield 0.5 McFarland standard. 
Sex kinds of antifungal agents obtained from 
HiMedia Company in India were tested. The 
interpretative breakpoints of these antifungal 
agents were done according to [22] as shown in 
Table 3. 
 
Candida isolates were stored in distilled water at 
room temperature and subcultured on 
Sabouraud dextrose agar 48 hours prior to 
further study [23,24]. 
             

2.7 Biofilm Formation    
 
A total of 38 Candida spp. isolates were grown in 
Sabouraud Dextrose Broth (SDB) at 30ºC for 18 
h. Centrifugation was done for 5 minute at 4000 
rpm and washed twice with saline. 
 
The pellet was then resuspended in 5 ml of 
sterile saline, and turbidity adjusted to 3 of the 
McFarland scale. To each well of the microtiter 
plates (flat bottom) 180 µl of SDB with 8% 
glucose were added, then inoculated with 20 µl 
of the above yeast cell suspension. Yeast free 
medium controls were also included. The plates 
were then incubated for 48 h at 37ºC. 
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Table 1. Interpretative breakpoints of antifungal a gents 
 

Antifungal agents 
(Abbreviation) 

Concentration 
/disc 

Zone of activity in mm 
Sensitive  Intermediate Resistant 

Nystatin (NYS)  100U   ≥15 10 - 14 <10 
Amphotericin-B 
(AM-B)  

100U ≥15 10 - 14 <10 

Ketoconazole (KET) 10ug ≥28 21 - 27 ≤20 
Clotrimazole (CLO) 10ug ≥20 12 - 19 ≤11 
Itraconazole (ITR) 10ug ≥23 14 - 22 ≤13 
Fluconazole (FLU) 25ug ≥19 15 - 18 ≤14 

 
After incubation, plate growth was assessed by 
measuring the absorbance at 490 nm. The 
medium in wells was removed and washed three 
times with sterile phosphated buffer solution 
(PBS). Microplates were stained with 200 µl 
1%crystal violet for 5 minutes and the plate was 
allowed to stand for 20 minutes at room 
temperature and then read at 405 nm by an 
ELISA reader The percent transmittance (%t) 
was measured.All tests were done in triplicates 
Finally, adherent biofilm layers were scored as 
either negative; weak (+) (percentage 
transmittance (%T ≤ 20)); moderate, (++) (%T = 
20-35); strong (+++) (%T = 36-50) and very 
strong (++++) (%T ≥ 50) [25]. 
 
2.8 Minimum Biofilm Inhibitory 

Concentration Testing (MBIC) 
 
The MBIC testing was performed by using the 
calorimetric indicator resazurin. Fresh Candida 
colonies were resuspended in 0.9% NaCl and 
opacity adjusted to 3 McFarland. The stock 
solution of resazurin dye was prepared by 
diluting the resazurin sodium salt in distilled 
water at 0.01% (w/v) which was filter sterilized 
and then added to RPMI medium (buffered to pH 
7.0 using 165 mmol/L3 - N-morpholino) 
propanesulfonic acid) in a 1:10 ratio (0.001%) 
[26]. 
 
Biofilms were formed on presterilized, 
polystyrene, flat-bottom 96-well microtiter plates. 
Biofilms were formed by pipetting 90 µl of 
Sabouraud's dextrose broth supplemented with 
8% glucose and 10 µl of standardized cell 
suspensions (prepared as above) into wells of 
the microtiter plate and incubating them for 48 
hours at 37°C. After biofilm formation, the 
medium was aspirated, and thoroughly washing 
the biofilms three times in 0.9% sterile saline, 
then the antifungal agents were added. 
 

Different concentrations of fluconazole (1 to 1280 
µg/ml) were made from stock solutions using 
RPMI medium with 0.001% resazurin dye. 100µl 
of each dilution of the antifungal agent was 
aseptically added to the wells and incubated for a 
further 48 hours at 37°C to detect the viability of 
biofilms. A series of wells without the antifungal 
agent and un inoculated wells served as positive 
and negative controls, respectively. MBIC was 
determined as the lowest concentration of the 
antifungal agent maintaining the blue color of 
calorimetric medium [26]. 

 
2.9 Detection of Candida  DNA in Serum 

by  Multiplex Nested PCR 
 
2.9.1 DNA extractions [27]   
  
Sample preparation:  
 

1- 500 µl EDTA anticoagulated blood were 
mixed with 1500 µl blood lysis solution and 
were incubated on ice for 10-15 minutes.  

2- The mixture was centrifuged at 3000 rpm 
for 10 min and the supernatant was 
discarded.  

3- Steps 1 and 2 were repeated, then step 4 
is continued.  

4- The cell pellet was resuspended in 1 ml 
Nucleolysis solution and was incubated at 
65°C for 45 min.  

5- Then centrifugation was done at 5000 rpm 
for 10 min and the supernatant was 
discarded.  

6- 500 µl lyticase solution were added and 
incubated at 37°C for 30 min to produce 
spheroplasts 

7- Centrifugation was done at full speed for 
10 min and the supernatant is discarded.  

8- Tissue protocol is then continued from 
Mammilian tissue Genomic DNA 
Purification Protocol. 
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Table 2. Primers and there product size (pb) 
 

Primer  Sequence (5 - -3-) Product size  
(pb)  

ITS 1/4 F- TCCGTAGGTGAACCTGCGG 
R- TCCTCCGCTTATTGATATGC 

variable 

Candida albicans F-TTTATCAACTTGTCACACCAGA 
R- ATCCCGCCTTACCACTACCG 

272 bp 

Candida tropicalis F- CAATCCTACCGCCAGAGGTTAT 
R- TGGCCACTAGCAAAATAAGCGT 

357 bp 

Candida krusi F- ACTACACTGCGTGAGCGGAA 
R- ACTACACTGCGTGAGCGGAA 

362 bp 

 
2.9.2 PCR primers  
 

• The fungus-specific universal 
oligonucleotides ITS1 and ITS4 were used 
as outer primers. In the second 
amplification, the previously described 
inner primers for C. albicans, , C. tropicalis, 
and C. krusei were used.: [28] 

 
2.9.3 Amplification  
 
The total reaction volume for the first – round 
PCR amplification was 25 µl. 

 
i)  First – round PCR amplification : an 

initial denaturation step of 5 min at 95°C 
followed by 35 cycles of 45 s at 95°C, 45 s 
at 50°C, and 45 s at 72°C, with a final 
extension of 5 min at 72°C. The reactions 
were carried out in a thermocycler.(peco, 
made in Germany). 

 
       N.B The second round of amplifications 

were performed in two separate assays: 
assay 1, containing primers C. tropicalis, 
C. albicans, at concentrations of 0.12 µM, 
0.2 µM, respectively; and assay 2, 
containing primers C. kruzi, at 
concentrations of 0.2 µM, In both assays 2 
µL of a 1:100 dilution of the ITS PCR 
product was used as the DNA template 
[29]. 

 
The total reaction volume for the second – 
round PCR amplification is 20 ul. 

 
ii)  Second – round PCR amplification . The 

amplifications were carried out in the same 
thermocycler (peco, made in Germany) 
under the following conditions: an initial 
denaturation step of 5 min at 95°C, 10 
cycles of 45 s at 95°C, 45 s at 67-58°C 
(touchdown), and 45 s at 72°C followed by 
20 cycles of 45 s at 95°C, 45 s at 58°C, 

and 45 s at 72°C, with a final extension of 
5 min at 72°C [29]. 

 
In all experiments, negative controls containing 
sterile water instead of genomic DNA and 
positive controls containing Candida DNA were 
tested 

 
2.9.4 Detection  
 
The nested PCR products were detected on 
2.5% agarose gels stained with ethedium 
bromide and visualised under a UV trans 
illuminator apparatus (UVITEC, Cambridge, UK). 
 
3. RESULTS 
 
Candiduria was proved in 38 out of 200 urine 
samples (19%), bacterial infection was 85 out of 
200(42.5%),other fungi was 2(1%), while 75 
(37.5 %) showed no growth. 
 
Age > 50, female gender, stay above 10 days in 
ICU, previous antibiotic therapy and urinary 
catheterization were the main risk factors for 
developing candiduria. 
 
Total no. of Candida was 38 as detected by API, 
18(47.3%) of them was Candida albicans, 
19(50%) of them was Candida tropicalis, and 1 
(2.6%) of them was candida kruzi. 
 
Flucytosmine, Amphotericin B, Voriconazole 
were the most effective antifungal against 
Candida spp (sensitivity 100%, 84.2% and 84.2% 
respectively ). 
 
All isolates of C. albicans, c. tropicalis and c. 
krusei were sensitive to Flucytosamin, 
 
26(68.4%) of total isolates of Candida were 
biofilm producers, 15(83.3%) of C. albicans were 
positive biofilm producers, 11(57.9%) of C. 
tropicalis were positive biofilm producers and no 
one of C. kruzi produce biofilm. 
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Table 3. Demographic profile and various risk facto rs in patients with candiduria 
  

No growth Bacterial infection Other fungi Candida  infection No. of specimen  Risk factor 
%  NO.(75)  %  NO.(85)  %  No.(2)  %  No.(38)  %    No.(200)  

  
48% 
52%  

 
36 
39  

 
32.9% 
67.1% 

 
28 
57 

 
0%  
100%  

 
0 
2 

 
42.1% 
57.9% 

 
16 
22 

 
40%  
60% 

 
80  
120 

Age 
17-50   
>50   

 
76% 
24% 

  
57 
18 

  
56.5% 
43.5% 

  
48 
37  

  
100% 
0% 

  
2 
0 

 
47.4% 
52.6% 

  
18 
20 

 
62.5 % 
37.5%   

 
125  
75 

Sex 
Males 
Females  

 
22.7% 
77.3% 

  
17 
58 

 
23.5% 
76.5% 

  
20  
 65    

 
50%  
50% 

  
1  
1 

  
26.3%  
73.7% 

  
10 
28 

  
24% 
76%  

 
48 
152  

Duration of ICU stay 
3-10 days 
above 10 days  

 
%46.7 

53.3% 

  
  35 

40 

 
76.5% 
23.5%  

  
65  
20 

 
100% 
0%  

  
  2  

- 

  
100% 
0%  

  
38 
0 

 
70%  
30% 

  
140 
60  

Antibiotic  therapy 
Yes  
No  

 
0% 
100%  

 
0 
75  

 
27% 
73% 

  
23 
62 

 
0% 
100%  

  
0 
2 

  
31.5% 
68.4% 

  
12  
26  

  
17.5%  
82.5% 

 
35 
165 

Diabetes mellitus 
Yes   
No   

 
6.7% 
93.3%  

 
5 
70 

 
90.5% 
9.5% 

 
77  
8 

 
50% 
50%  

 
1 
1 

 
78.9 % 
21.1% 

  
30 
8  

 
56.5% 
43.5% 

 
113  
87 

Urinary catheterization  
Yes 
No 

37.5% 75 42.5%  85 1% 2 19% 38 100% 200 total 
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Table 4. Identification of C. Spp  by Chromagar, germ tube test, Corn-meal agar Tween  80 
mediaand API 

 
Media       C. albicans    C. tropicalis      C. krusei 

No % No % No % 
Chrom agar 15/38 39.4 17/38 44.7 6 15.7 
Corn-meal agar Tween 80 18 47.3 15 39.4  5 13.1 
Germ tube test 18 47.3 0 0 0  0 
API 18 47.3 19 50 1 2.6% 

 
Table 5. Sensitivity to antifungal drugs among Candida  species 

  
 Sensitivity to antifungal drugs  

N = 38 
   Sensitive   Intermediate    Resistant 

 No % No % No % 
Nystain (NY) 3 7.8 9 23.6 26 68.4 
Amphotericin (AMB) 32 84.2 4 10.5 2 5.2 
Flucytosmine (FCX) 38 100 0 0 0 0 
Econazole (ECN) 5 13 1 2.6 32 84.2 
Ketonozole (KCA) 25 65.8 13 34.2 0 0 
Clotrimoxzole (CLO) 5 13 11 29 22 57.8 
Micoconazole (MIC) 3 7.9 1 2.6 34 89.4 
Itraconazole (ITR) 26 68.4 10 26.3 2 5.2 
Voriconazole (VOR) 32 84.2 4 10.5 2 5.2 
Fluconazole (FLU) 10 26.3 8 21  20 52.6  

 
Table 6. Antifungal susceptibility tests among Candida  species of patients with candiduria by 

using integral system yeasts plus  
 

C. krusei 
(No = 1 )  

C. tropicalis  
(No = 19)  

C. albicans 
(No= 18)  

Antifungal agents  

R DD SS R DD SS R DD SS   
0  1  0  15  3  1  11  5  2  Nystatin (NY)  
0  0  1  1  2  16  2  1  15  Amphotericin(AMB)  
0  0  1  0  0  19  0  0  18  Flucytosamin(FCX)  
1  0  0  18  0  1  13  1  4  Econazole (ECN) 
0  0  1  0  4  15  0  9  9  Ketoconazole(KCA) 
1  0  0  13  3  3  8  8  2  Clotrimoxzole (CLO) 
0  0  1  18  0  1  16  1  1  Micoconazole (MIC) 
0  1  0  2  1  16  3  5  10  Itraconazole (ITR) 
0  0  1  2  2  15  0  2  16  Voriconazole (VOR) 
1  0  0  7  5  7  12  3  3  Fluconazole (FLU) 

 
Table 7. Biofilm production by candida  species 

 
Candida  species 
(38)  

   Positive  biofilm             Negative biofilm 
No % No % 

  C. albicans=18 15 83.3 3 16.7 
C. tropicalis =19 11 57.9 8 42.1 
C. krusei=1 0 0 1 100 
Total (26) 26 68.4 12 31.6 

 
There was statistically significant difference 
regarding biofilm formation among               
catheterized than non-catheterized patients 
(P=0.003). 

72.2% of the tested C. albicans, were resistant to 
fluconazole and had MBIC > 640 µg/mL while 
only 27.8% were sensitive to fluconazole and 
had MBIC < 10 µg/mL, 100 % of the tested C. 



tropicalis, were resistant to fluconazole and 100 
% of the tested C. kruzi, were resistant to 
fluconazole >1280 µg/mL. 
 

  

Fig. 1. Biofilm production by  

  
  

Fig. 2. Agarose gel electrophoresis 
patients serum: Lane M, GeneRuler

UE), Lanes 1,3, and 4 showing 
(357 bp)

  
Table 8. Frequency of biofilm formation among candiduric pat ients according to presence or 

  
Positive biofilm 

Formation  
  

% No 
83.3 15  C. albicans 

(No= 18)  
57.9 11  C. tropicalis 

(No =19)  
0 0  C. krusei 

(No = 1)  
68.4 26  38  

  
  

0

20

40

60

80

100

C. albicans

83.3
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tropicalis, were resistant to fluconazole and 100 
f the tested C. kruzi, were resistant to 

26.3% out of 38 candiduric patients  had 
in their blood, 60% of them were C. albicans
40% were C. tropicalis 

 
Biofilm production by Candida  species

 

electrophoresis showing the nested multiplex PCR products obtained from 
Lane M, GeneRuler TM 100 pb plus DNA ladder (thermoscientific, fermentas , 

showing C. Albicans  (272 bp), Lanes  2 and 6 showing C. tropicalis
bp) , Lane 5 showing negative control 

Frequency of biofilm formation among candiduric pat ients according to presence or 
absence of a catheter 

Non catheterized  
patients  

Catheterized 
patients  

biofilm
Formation

% No % No %
20  3  80  12  83.3

27.2  3  72.7  8  57.9

0  0  0 0  0

23.1  6  76.9  20  68.4

C. albicans
C. tropicalis 

C. krusei

83.3

57.9

0

 
 
 
 

, 2016; Article no.BJMMR.25940 
 
 

26.3% out of 38 candiduric patients  had Candida 
C. albicans and 

showing the nested multiplex PCR products obtained from 
100 pb plus DNA ladder (thermoscientific, fermentas , 

C. tropicalis  

Frequency of biofilm formation among candiduric pat ients according to presence or 

P  
value  

  
0.047 

0.040 

  

0.003 

%
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Table 9. Minimal biofilm inhibitory concentration ( MBIC) of Candida  species against different 
concentrations of Fluconazole, µg/mL 

  
Fluconazole concentration 
ug/ml 

C. albicans  C. tropicalis C. krusei Total 
No  %  

>1280 
1280-640 
639-320 
319-160 
159-80 
79-40 
39-20 
19-10 
<10 
Total   

7(38.8) 
6(33.3) 
0 
0 
0 
0 
0 
0 
5(27.7) 
18(100)  

10 (52.6) 
7(36.8) 
2(10.5) 
0 
0 
0 
0 
0 
0 
19(100) 

1(100) 
0 
0 
0 
0 
0 
0 
0 
0  
1(100) 

18(47.3) 
13(34.2) 
2(5.3) 
0 
0 
0 
0 
0 
5(13) 
38(100) 

  
Table 10. Results of Nested PCR on serum of 

patients with candiduria 
 

Candiduria Nested multiplex PCR 
candidemia  

No % No % 
38 /200 19 10/38 26.3 
C. albicans  
(18/38) 

47.3 C. albicans (6/10)  60% 

C. tropicalis 
19/38)(  

50 Tropicalis(4/10) 40% 

C. krusei 
(1/38)  

2.6 C. krusei(0)  0  

 
4. DISCUSSION 
 
Urinary tract infections (UTIs) account for 20–
50% of all hospital-acquired infections occurring 
in the Intensive Care Unit (ICU). In some reports, 
UTI found to be more frequent than hospital-
acquired pneumonia and intravascular device 
bacteremia, with a greater incidence in 
developing countries [30,31]. 
 
Results of our study showed that, Candida spp. 
were isolated from urine of 38(19%) patients out 
of 200 hospitalized ICU patients. In similar 
studies, the mean incidence of candiduria was 
44.4% [32], and 32.26% [1]. 
 
Age of the patients with candiduria in this study 
ranged between 17 and 74 years with a mean 
age 51±11, and Candiduria was more frequent in 
patients above 50 years (22 patients, 57.9%).  
This finding was in agreement with results 
obtained by [33,32,5]. This could be due to 
lowered host defenses in these patients. 
 
As regard sex, candidurea was more common in 
female (52.6%) than male patients (47.4%).  
Candiduria was more frequent in females 

because they are more liable to develop 
ascending infection [2]. Some reasons for higher 
prevalence of candiduria in females compared 
with males may be their shorter urethral length, 
transmission from the genital tract to the urinary 
tract, and the anti-Candida activity of prostatic 
fluid in male [34]. On the other hand, candiduria 
was more common in males (61.4%) [5]. 
 
The duration of ICU stay in the patients ranged 
from 3 to 18 days (mean, 11±6). Twenty-eight 
(73.7%) of patients had a history of ICU stay >10 
days (Table 3). Extended ICU stay may increase 
the risk for ICU-acquired UTIs [1] 
 
Indwelling urinary catheter is one of the most 
imperative risk factor contributing to the 
overgrowth of Candida spp. [1,26]. Among the 
investigated patients with candidurea in this 
study, 78.9%were urinary catheterized. Hundred 
(100%, 92.6 and 84.4) of patients with 
candidurea were catheterized. [34,32,35]   
 
High percent of candiduria in catheterized 
patients in this study may be because the 
catheter act as foreign body on which Candida 
can colonize and form biofilm the catheter itself 
can introduce infection and favor epithelial 
surface fungal colonization.  The urinary catheter 
connects the heavily colonized perineum with the 
normally sterile bladder, and it provides a route 
for bacterial and Candida entry along both its 
external and internal surfaces. Urine often pools 
in the bladder or in the catheter itself, and urinary 
stasis encourages pathogen multiplication. 
Obstruction of the catheter can lead to over 
distension and ischemic damage of the bladder 
mucosa, thus, increasing its susceptibility to 
bacterial and Candida invasion. The catheter 
also damages the bladder mucosa by triggering 
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an inflammatory response and by mechanical 
erosion. Monthly urine cultures for patients with 
long-term indwelling catheters show that the 
bacterial flora is constantly shifting and changing, 
regardless of antibiotic use [36]. 
 
Our study showed that 100% of patients with 
positive candidurea were under antibiotic 
therapy. The risk of candiduria was highest after 
treatment with Imipenam/Meropenam group of 
drugs (75%), followed by cephalosporin (57%) 
[26]. 
 
The broad-spectrum antibiotics play a critical role 
in the pathogenesis of candiduria by suppressing 
susceptible endogenous bacterial flora in the 
gastrointestinal and lower genital tracts. 
Antibiotic favors epithelial surface fungal 
colonization of the urinary tract especially in the 
presence of indwelling bladder catheter through 
impairing phagocytic activity and antibody 
synthesis [37]. 
 
Diabetes is a well-known risk factor for 
developing nosocomial UTI due to Candida spp 
[26]. 
 
Results of the present study (Table 3) showed 
that 12(31.5%) of Candida infected patients were 
diabetic Risk factors for nosocomial candiduria 
showed that candiduria was increased by 2-fold 
in the presence of diabetes mellitus [38,39]. This 
is because diabetes lowers host resistance to 
invasion by fungi through impairment of 
phagocytic activity of macrophages and 
promotes stasis of urine in neurogenic bladder. 
[26,1]. 
 
In our study, C. albicans were isolated from 18 
(47.3%) samples of candiduria as detected by 
API system .Similar to our results [40,41] also 
reported the most commonly isolated species 
was C. albicans (61% and 61.36%). On the other 
hand, a study conducted by [42] showed non-
albicans Candida, predominated (54.1%) over C. 
albicans (45.9%). Lower prevalence rates 
(39.5%) of C. albicans were reported [43].  
 
Among non albicans(NAC)  spp, C. tropicalis was 
the major isolate (50%)  followed by C. krusei. In 
addition, among NAC spp. C.tropicalis was the 
major isolate [44]. 
 
Results of antifungal susceptibility in our study 
show that Flucytosmine, Amphotericin B, 
Voriconazole were the most effective antifungal 
against Candida spp (sensitivity 100%, 84.2% 

and 84.2% respectively). Similar to these results 
all Candida spp isolates were susceptible to 
amphotericin B and ketoconazole and 
voriconazole [40,45]. 
 

Resistance of Candida to fluconazole in the 
present study was 52.6%, this differ from results 
in [40] study, the resistance of all the isolated 
Candida spp to fluconazole was 11%, and  [46]  
reported that the rate of resistance to fluconazole 
among Candida spp. ranged from null to the 
15%. Furthermore, our data on the fluconazole 
against C. albicans, revealed that 16.6% of 
tested strains were susceptible to fluconazole. 
This sensitivity rate is more or less comparable 
with those rates of 95% and 89.5% previously 
reported by [40,47] respectively. 
 

This increased rate of resistance to multiple 
azoles explained also by an upreglutation of 
CDR genes that encode the CDR efflux pumps 
[37]. The possibility of increased in the 
percentage of the resistance to  fluconazole in 
candida isolates in this study, may due to 
widespread use of antifungal drugs, long-term 
use of suppressive azoles, and the use of short 
courses of antifungal drugs. 
 

Biofilms may help to maintain the role of fungi as 
commensal and pathogen, by evading host 
immune mechanisms, resisting antifungal 
treatment, and withstanding the competitive 
pressure from other organisms. Consequently, 
biofilm related infections are difficult to treat [40]. 
 

In the present study, 26(%68.4) out of 38 
Candida species isolates obtained produced 
biofilm. Also, (50.8%, 56.7% and 61%) of 
Candida species were biofilm producers [48-50]. 
  
There was statistically significant difference 
regarding biofilm formation among catheterized 
than non-catheterized patients (P=0.003). The 
difference between the biofilm forming ability of 
isolates from catheter associated UTI patients 
and UTI without indwelling catheter patients was 
pointed out by [51]. 
 

The reason that biofilm is so prevalent on urinary 
catheters is that it conveys a survival advantage 
to the microorganisms; for this same reason 
urinary catheter biofilm is difficult to eradicate. 
Organisms in a biofilm function as a community 
and communicate closely with one 
another. Survival advantages conferred by the 
biofilm community include resistance to being 
swept away by simple shear forces, resistance to 
phagocytosis, and resistance to antimicrobial 
agents [36]. 
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Biofilm formation was detected in 83.3% of                   
C. albicans and 57.9% of C. tropicalis. While all 
C.krusei isolates were negative. C. albicans 
produces quantitavely more biofilm than other 
Candida species [52].  On the other hand, results 
of [50,53,45,42] stated that non-albicans Candida 
predominated over Candida albicans regarding 
biofilm production. Biofilm formation is more 
important for non-albicans spp. and C. albicans 
possess mechanisms other than biofilm 
formation to establish infections, he found that C. 
tropicalis showed the highest score of biofilm 
intensity of grade (+4) [40]. 
 
This difference in results than multiple studies 
may be attributed to that the biofilm,in vitro can 
be affected by external factors such as 
coinfection with other pathogens, glucose 
concentration, antibiotic treatment, and pH. In 
addition to the presence of a surface such as a 
urinary catheter. Hence, host factors and specific 
conditions in the local microenvironment of the 
bladder may select for strains with high BF and 
constitute a risk factor for persistent candiduria. 
In addition, BF is an inherent and stable 
characteristic of a Candida strain. Supportive of 
this is molecular typing data, for certain body 
sites. Colonization requires a particular 
phenotype with respect to biofilm formation; such 
a biofilm phenotype might be genetically rather 
than environmentally governed [54]. 
 
Routine antifungal tests usually detect 
resistance/sensitivity to planktonic forms and 
there are only a few studies that have evaluated 
antifungals against biofilms. The viable cells in 
the biofilms after its exposure to antifungals can 
be conveniently measured by calorimetric 
methods, which are easy to read because of 
clear-cut end points. The most commonly used 
method, e.g., reduction of tetrazolium to 
formazan, is laborious and expensive; other 
disadvantages include toxicity due to the 
chemicals and requirement of addition of an 
electron-coupling reagent [26]. 
 
Others researchers had also shown the 
usefulness of resazurin/alamar blue as a cell 
viability indicator in antifungal susceptibility 
testing. The use of resazurin dye test in 
antifungal susceptibility testing of biofilm-forming 
cells has benefits like simplicity, low cost, lack of 
toxicity, and easy determination of ends [55]. 
 
In this study, The MBIC (minimal biofilm 
inhibitory concentration) testing was performed 
by the technique using the calorimetric indicator 

resazurin .Our results indicated that 72.2% of the 
tested C. albicans, were resistant to fluconazole 
and had MBIC > 640 µg/mL while only 27.8% 
were sensitive to fluconazole and had MBIC < 10 
µg/mL. (Table 10) similar results, 59.2% of the 
tested C. albicans were resistant to fluconazole 
and had MBIC > 640 µg/mL while only 26.7% 
were sensitive to fluconazole and had MBIC < 10 
µg/mL [55] and [56] who found (65.7%)  of C. 
albicans isolates were resistant (>640 µg/mL) to 
fluconazole. All resistant Candida species to 
fluconazole were biofilm producers [45]. Biofilms 
from all C. albicans strains tested were 
intrinsically resistant to fluconazole [57].  
 
Our results reported that 100% of the tested C. 
tropicalis and C. kruzi,, were resistant to 
fluconazole (Table 9) this is similar to results who 
found that among the 50 isolates tested by 
MBIC, all isolates were found to be resistant [26].  
 
The mechanisms by which these forms exhibit 
increased resistance are not fully understood, but 
is believed to be due to complex mechanisms 
such as reduced diffusion of antimicrobial agents 
through biofilm layer, slow growth rate, and 
surface-induced expression of resistant genes 
[26]. 
 
The slow growth rate of organisms in biofilms are 
probably the major factor in conferring 
resistance. In addition, the juxtaposition of 
microorganisms of 1 or more species within a 
biofilm facilitates the transfer of antimicrobial 
resistance genes [26]. 
 
Candidemia is a late-onset ICU-acquired 
infection associated with high mortality [14, 58]. 
Candidemia in ICUs is associated with a 
considerable increase in hospital costs and 
length of hospital stay [15]. Broad-spectrum 
antibiotics, a prolonged ICU stay for >20 days, 
the use of corticosteroids, diabetes and mucosal 
colonization with Candida, age < 1 year > 64 
years,  all are risk factors for invasive candidiasis 
[59]. 
 
In our study, 26.3% out of 38 patients with 
candidurea had Candida in their blood. Species 
identification Candida isolates in blood was 
identified to the species level by multiplex nested 
PCR was C. albicans and C. tropicalis at 
frequencies of 60% and 40% respectively (Table 
10). 
 
A study found that the C. albicans were the 
commonest species isolated (50% and 41.3%) 
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[60,61] While in another study [62], Candida 
tropicalis (74.35%) was the most common isolate  
The evidences to determine a proper correlation 
between candiduria and invasive candidiasis is 
not yet clear or well established, due to 
publication of conflicting results and the lack of 
consensus [16]. 
 
In this study, we tried to find correlation between 
candiduria and candidaemia in ICU patients 
depending on evidences from several studies 
[14], there were no difference in susceptibility 
and genetic background were found between 
blood and urine strains of Candida species. 
Multilocus sequence typing of C. albicans 
isolates revealed that in eight of nine patients 
with C. albicans the infecting fungal strain was 
identical in blood and urine Molecular typing of 
the urinary and blood samples collected from this 
patient exhibited similar pattern, suggesting that 
all isolates belonged to the same strain [63]. 
 
Candiduria has been found to be a risk factor for 
candidemia and an indicator of impending sepsis 
with Candida species in patients admitted to 
hospitals,  especially those in ICUs and as many 
as 10% of all candiduria cases may be 
associated with candidemia [64]. In the presence 
of associated risk factors, as CVCs, surgical 
intervention or procedures involving the urinary 
tract, presence of urinary catheters, there is a 
definite risk of invasive candidiasis following 
candiduria [26,64]. The theory of occurrence of 
candidemia as a complication of candiduria can 
be explained by that the devices become 
colonized by Candida, which forms biofilm, the 
detachment of which can result in candidemia. 
Indwelling catheters therefore, represent a major 
risk factor associated with nosocomial Candida 
infections [40]. 
 
Our hypothesis supported by [65] who stated 
that, candiduria can be reliably considered as a 
marker of high density of colonization. Diverse 
Candida colonization anatomical sites were 
potential sources for candidaemia. She used a 
combination of restriction endonuclease analysis 
(REAG) and randomly amplified polymorphic 
DNA(RAPD) methodologies to prove this concept 
[66]. 
 
5. CONCLUSION 
 
Candida albicans is the most common Candida 
spp that show biofilm production. Consequently, 
biofilm related infections are difficult to treat 
There is increased in the percentage of the 

resistance to fluconazole in Candida isolates in 
this study. The incidence of candidemia among 
patients with candidurea was high in our study. 
Further studies are required to find correlation 
between candiduria and candidaemia in ICU 
patients. 
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