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ABSTRACT

Background: Urinary tract infection (UTI) is considered as one of the frequent diseases affecting
humans. Usually, emphasis has been on bacteriological etiologies but this study focuses on fungal
etiologies.

Aims: The aim of this study is isolation and characterisation of fungal spp. from urine of patients
diagnosed of urinary tract infections genetically and phenotypically. Secondly, to evaluate antifungal
sensitivity of isolated fungi against 5 antifungals in Iraq.

Methods: A total of 150 urine specimens were collected from 150 UTI suspects patients attending
Marrjan hospital in Babylon province from October 2012 to October 2013. Fungal organisms were
isolated, virulence of Candida was detected and both genetic analysis of isolates and antifungal
susceptibility test, using 5 antifungals were performed on the most frequent isolate.
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Results: Candida albicans (32.7%) and Aspergillus fumigatus (10.9%) were the most frequent
fungal isolates. Other isolated fungi from the urinary tract of patients include: Acremonium
polychromium, Penicillium digitatum, A. fumigatus, A. niger and some other Candida species
including C. albicans, Geotrichum capitatum, C. glabrata, C. guilliermondii and C. famata. Most
Candida spp. produced proteinase and lipase. Candida spp. has the ability to ferment most of
sugar types under interest except lactose. Clotrimazole, Fluconazole, Ketoconazole, and
Amphotercin B showed high activity while Miconazole showed low activity to the most frequent
isolate of C. albicans, C. guilliermondii, C. famata. The range of antifungal activity concentration for
Amphotericin B was 10-100 mg while for Fluconazole, Miconazole and Ketoconazole was 100-1000
mg. Females (39 cases) aged 18-30 years showed frequency of 26% while males (21cases) aged
30-40 years showed frequency of 14%. Eighteen isolates were genetically analyzed and identified
as Candida genus with PCR product size of 210 bp.

Conclusion: Fungal organisms are common etiological agents of UTI patients. Candida spp. and
Aspergillus spp. showing highest frequency in our study. All isolates of yeast were genetically
diagnosed as Candida except Geotfrichum isolates. The common antifungals like Clotrimazole,
Fluconazole, Ketoconazole and Amphotericin B are still effective in eradicating these pathogens in
Iraq.

Keywords: UTI; fungi; genetic analysis; anti-susceptibility test; Iraq.

1. INTRODUCTION infectious agents can reduce the risk of
complications in patients [14].
Fungal infections of the urinary tract are common
and the most common pathogen is Candida
albicans [1]. Many fungi are implicated in urinary
tract complications and are known to lead to
systemic  candidiasis [2]. Candida spp.
associated UTI causes candiduria and its
frequency has been on the rise during the past

two decades [3]. Candida spp. are opportunistic

Molecular assays are more reliable methods than
conventional assays for screening microbial
pathogens, reduce contamination and time,
especially for patients suffering from complicated
infections, and they also reduce the burden and
provide precise diagnosis for deciding the
treatment. Molecular identification of Candida

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, including disseminated
disease, multiple organ failure or death [4]. Many
fungal UTI has been associated with the use of
urinary catheter [5]. Fungal balls could develop in
the urinary tract, leading to obstructive uropathy
(a condition in which the flow of urine is blocked
and hydronephrosis occurs. It is not a disease
itself) [6]. The most common yeasts causing both
complicated and uncomplicated UTIl are C.
albicans and C. glabrata [7-11]. However,
treatment with antifungal agents like fluconazole
will reduce disease progression and morbidity
associated with these fungal pathogens. Many of
such fungi, including Candida spp. were isolated
from UTI patients in a study viz C. tropicalis and
C. glabrata, C. kefyr, C. guilliermondii, and
Rhodotorula species [12]. Most UT patients
suffering from fungal infections may disseminate
these infections if considered that the fungal
presence is only due to normal colonization [13].
Therefore, a precise assay to diagnosis UT
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with specific primers has facilitated the diagnosis
of Candida isolates and also can be used to
demonstrate the absence of Cryptococcus sp. in
any samples under interest [15]. The aim of this
study is isolation and characterisation of fungal
spp. from urine of patients diagnosed of urinary
tract infections genetically and phenotypically.
Secondly, to evaluate antifungal sensitivity of
isolated fungi against 5 antifungals in Iraq.

2. MATERALS AND METHODS
2.1 Collection of Patients Samples

150 urine specimens were collected from 150
patients (87 females and 63 males) aged 8- >40
years who attended Marrjan hospital in Babylon
province and other four provinces (part of
Baghdad, Najaf, Karbala and Al-Diwania
provinces) served by this hospital in lIraq
between October 2012 to October 2013.

2.2 Collection and Processing of Urine
Specimens

Collection of mid-stream urine specimen:
Females and males were advised to wash their
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hands with soap and water. Dry-wipe them.
Take the clean collection container, and avoid
touching the inside with their fingers. Washed
their outer genitals with a sterile water without
using any soap. Dry-wipe. When urinating, let
the first portion pass into the toilet. Collect 50-
100ml urine/patient from the mid-portion in the
container. Allow any excess urine to pass
again into the toilet. After urination, dry-wipe
the outer surface of the container, secure the
lid and transfer the urine to the tubes provided,
and write patient names and the date and time
on label, then fixed the label on the
container [16].

One ml of urine from each sample was directly
inoculated onto Sabouraud Dextrose Agar (SDA)
mixed with chloramphenicol and streptomycin
(50:50 ug/ml) to inhibit the growth of bacteria, in
a Petri dish and isolates were grown and
detected after 24-96 h for Candida isolation, and
after 5-7 days for filamentous fungi isolation,
incubation at 28°C. Tiny inoculum from each
Candida colony was streaked on CHRO Magar
candida for Identification of Candida spp. A loop
full of yeast cells suspension was inoculated into
0.5 ml of human serum and incubated at 37°C
for 3 h. After incubation period, it was examined
under field microscope. Germ tube was
considered as a lateral tube without septum and
had no constriction at initiating site, which is a
positive test for C. albicans [17-19].

2.3 Proteinase Production

Proteinase  (gelatenase) production  was
determined for 18 isolates of Candida using
Nutrient Gelatin Agar plates. Disc inoculum of
tested isolate and control Candida isolates - 5
mm Disc inoculum of yeast cells were spot-
inoculated onto the plates. The gelatin agar
plates were incubated at 37°C for 48 h. Plates
production of the enzyme was detected as zone
of clearance after addition of Frazier's reagent
HgCl2, 12 g; distilled water, 80 ml; concentrated
HCI, 20 mi/plate) showing gelatin hydrolysis after
incubation period at 20°C for 20 min. The
proteolytic activity was detected on the basis of a
clear zone appearing around the colonies
flooded with Frazier's reagent (in mm) was
measured [20].

2.4 Lipase Production

Lipase production was assayed for 18 isolates of
Candida using an egg yolk agar plate method

[21]. SDA plates containing 1 M NaCl, 0.005 M
CaCl, and 8% sterile egg yolk emulsion were
used. Standard inoculum of test and control
Candida isolates (5 pl containing 10° yeast cells
were spot-inoculated on the plates. A further 5 pl
saline without yeast cells was also spot-
inoculated as control treatment. The plates were
incubated at 37°C for 5 days after which the
diameter of the zone of precipitation around the
colony (in mm) was determined. [22].

2.5 Antifungal Susceptibility

Susceptibility test for the fungal isolates was
performed by the disk diffusion method; an agar
based testing method, wusing five drugs
Clotrimazole, Fluconazole, Amphotericin B,
Ketoconazole, and Miconazole against Candida.
Incubation period was 12- 120 hours at
28+2°C [23-25].

The frequency of a fungus is denoted by the
number of sampling in which a fungus is
recorded against the total by

Frequency (%) = No. of observation in which
colony appear / total number of observation
recorded x 100 [26].

2.6 Genotypic Identification of Candida
albicans

2.6.1 Extraction genomic DNA

Eighteen isolates of Candida spp. were
subjected for DNA extraction and PCR assays.
Yeasts were individually grown on Sabouraud's
Dextrose agar and incubated at 37°C for 2 days.
A small amount of Candida colony was pickup
and suspended in 400yl of lysis buffer (400 mM
Tris-HCI, 20 mM EDTA, 150 mM NacCl, and
0,5% SDS adjusted 8.5 pH). Incubated for 10
min at 85°C in water bath, the suspension was
vortex for 2 min .150 pl of phenol-chloroform,
vortex for 2 min, centrifuged at 5000 rpm for 2
min, the supernatant was decanted into new
sterile tubes, and mixed gently with 500 pl
isopropanol for one min and centrifuged at
12000 rpm for 12 min. Dropped the isopropanol
and washed the DNA pellet with 70% Ethanol
and centrifuged at 5000 rpm for 2 min, dried the
DNA pellet and then suspended with 75 ul
elution buffer and preserved at — 20°C until use
[27].
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2.6.2 PCR assays

The final volume of PCR mixture was 25 yl {12
pl green master mix from promiga company ,10
pl deionizer water ,1 pl genomic DNA ,1.2 ul (10
pemole for both primer )jwas amplified by
thermal cycler PCR System (Labnet, USA) .The
primer pairs CAINB Forward Primer: (5'-
GAGGGCAAGTCTGGTG- 3') and CAINB
Reverse Primer: (5'CCTGCTTTGAACACTCTAA-
3") [15]. The PCR conditions for CAINB primers
were 95°C for 3 min followed by 30 cycles 94°C
for 1 min. annealing temperature 55°C for 1 min.
Extensions temperature 72°C for 1 min. followed
by final extension temperature 72°C for 7 min.
The PCR products for each targeted region were
run on 1.2% agarose gel (Bio Basic Canada Inc.)
electrophoreses performed at 100 V. in TBE
buffer. The gel was pre-stained with 0.05%
ethidium bromide.

3. RESULTS
3.1 Identification and Fungal Frequency

36.7%(55/150) urine samples from suspected
UTI patients gave positive evidence for molds
and yeast infections in consecutive patients , 14
(25.5%) isolates of filamentous fungi gave
positive results including Acremonium
polychromum, Penicillium digitatum, A. fumigatus
and A. niger. The high frequent filamentous
fungi was A. fumigates 10.9%, while 41(74.54%)
isolates of yeast which gave positive results
included: C. albicans, G. capitatum, C. glabrata,
C. guilliermondii and C. famata. C. albicans
(32.7%) and G. capitatum (20%) were the
common yeast in urine samples (Table 1).

3.2 Profile Phenotypic and Enzymatic
Production of Candida spp.

The results showed that only C. albicans had
ability to produce chlamydospore and germ tube

formation (Table 2). Proteinase and lipase
activity was detected in all C. albicans (14/18
isolates), C. glabrata 2/18, C. famata 1/18
isolates (Table 2). The isolates of Candida were
classified based on CHROMagar into 4 species:
C. albicans revealed green color while other 3
species revealed pink to white pink color
(Table 2).

Table 1. List of UTI fungal clinical isolates
and their frequency in percentage

Fungi % No. of
Frequency isolates

Acremonium 3.64 2
Penicillium digitatum 5.4 3

A. fumigatus 10.9 6

A. niger 54 3

C. albicans 32.7 18

G. capitatum 20 11

C. glabrata 10.9 6

C. guilliermondii 54 3

C. famata 54 3
Total =100% 55

3.3 Capability of Candida spp. for Sugars
Fermentation

The result showed C. albicans, C. glabrata and
C. guilliermondii. had ability to fermented most of
sugar types under interest except lactose, while
C. famata fermented only glucose (Table 3).

3.4The Relation between Positive
Candiduria with Both Age and Gender

Table 4 revealed the relation between Candiduria
with both age categories and gender, the results
showed that 18-30 years of women age more
sensitive for infection with Candiduria while the
age of men occur in between 30-40 years.

Table 2. Microscopic characters, CHROMagar color and enzymes production for Candida spp.
isolated from UTI samples

Candida spp. Chlamydospore Germ tube Proteinase Lipase CHROMagar
C. albicans + + + + Green

C. glabrata _ _ + + Red-pink

C. famata _ _ + + White-pink
C. guilliermondii _ _ _ Pink
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Table 3. Sugars fermentation for Candida spp. isolated from UTI samples

Sugar C. albicans C. famata C. guilliermondii C. glabara
Glucose + + + +

Lactose _ _ _ _

Sucrose + _ + _

Maltose + _ + +

Galactose + _ +

Xylose + _ + _

Table 4. Relationship between age and G. capitatum (20%), C. glabrata and A.

gender with frequency of Candida spp.
isolated from UTI samples

Age No. of UTI No. of UTI
category from females from males
8-18 7 (4.6%) 10(6.7%)
>18-30 39(26% ) 15(10 % )
>30-40 22(14.7% )  21(14 %)
>40 19(12.7% ) 17(11.3 %)
Total 87(56.1%,) 63(42%)

3.5 Antifungal Susceptibility

The results of antifungal susceptibility show
activity with Clotrimazol, Fluconazol,
Amphotericin B, Ketoconazole more effective
antifungal against Candida spp. (Table 5).

Table 5. Antifungal sensitivity against
Candida isolated from UTI Infection

Antifungalfung CL FL MI AMB KE
C. albicans + + o+ + +
C. guilliermondii ~ + + - - -
C. famata + + o+ + -
C. glabrata - + o+ + -

+ =Sensitive, - =Resistance, + =Moderately sensitive
Abbreviations: CL=Clotrimazol, FL= Fluconazol, AMB=
Amphotericin B, KE =Ketoconazole, MI= Miconazole.

3.6 Molecular Diagnosis of Candida spp.
by Specific Primer Pair

The results of PCR products by specific primer
pairs CAINBF and CAINBR for Candida form
genus was produce amplicon size 210 bp as
genotyping for 18 isolates of Candida isolates
refer to Candida genus (Fig. 1).

4. DISCUSSION

The most frequent causative agent of UTls in
this study occurred in women more than men,
was found to be C. albicans (32%) followed by

fumigatus (10.9% each), these result may be
explained based on 1) the age of pregnancy and
abortion for women (2) drug intake which causes
hormonal imbalance and 3) comorbidities like
other diseases. In men, Candiduria may be
related with diseases or sex fatigue. Our results
supported a work done in Iran,[28] C. albicans
was the most common species among the
isolates (93.9%) followed by C. glabrata (2%), C.
dubliniensis (2%), and Candida species (2%).Our
results showed that C. albicans, C. famata, C.
guilliermondii and C. glabrata were suspect with
UTl complications. Unfortunately, no data is
available on UTI prevalence in Iraq, the present
study is compared with the available data from
the neighboring countries, recent study in Iran
[28,29] and Saudi Arabia [30-32] shows the
prevalence of UTI in children and reported
approximately one-third of hospitalized patients
with urine cultures giving positive tests . Many
previous studies attempted identifying Candida in
urine by phenotypic and molecular assays
[10,33-34].

Phenotypic assay based on the CHROMagar
candida was preliminary presumptive test, but
are not accurate and precise for Candida
identification; earlier studies noticing the same
results [34-38].

Suspect the presence of renal failure and
complication in the presence of C. albicans and
G. capitatum yeast in urine samples as most of
our patients with this condition were positive for
these organisms. These results were also shown
in a study [5,12]. Sugar fermentation abilities by
Candida spp. explain the role of predisposing
factors like diabetes in predisposing them to
Candida colonization of the vulvovaginal area by
enhancing urinary fungal growth in the presence
of glycosuria [39].

Miconazole has been used by patients with many
infections. It has a broad spectrum of activity,
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Table 6. Antifungal concentrations activities against Candida isolated from UTI Infection

Antifungal AMB FL KE MI CL

(Mg/ml) 10 100 1000 10 100 1000 10 100 1000 10 100 1000 10 100 1000
Isolate

No.

Ca + + + + + +++ + o+ ++ + + +++  + + ++
Ca + + + + + +++ + O+ +++ 4+ + ++ + + +++
Cas + + + + + ++ + o+ ++ + + +++  + ++ +++
Cas + + + + + +++ o+ O+ ++ + + +++  + ++ +++
Cas + + + + + +++ o+ o+ + ++ + + +++
Cas + + ++ + + +++ + o+ +++  + + +++  + ++ +++
Cay + + ++ + + ++ + o+ ++ + + +++ o+ + +++

Inhibition zone size (centimeter): +++ =2.6-3.3, ++ =1.5-2.5.+ = 0.8-1.45, + =0.2-0.75. Abbreviations: CL=Clotrimazol, FL=
Fluconazol , AMB= Amphotericin B, KE =Ketoconazole, MI= Miconazole.

3
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Fig. 1. Gel electrophoresis of PCR product size 210 bp as genotype for 18 isolates of
candida isolates from urine samples.1-18 isolates of Candida isolates , M=molecular
marker 100 bp

including against Aspergillus spp. and Candida
spp. Systemic miconazole, however, s
associated with significant toxicity and has
resulted in undetectable concentrations in the
cornea, Fluconazole is active
against Candida species; the low sensitivity of
some antifungal under interest in this study
(Table 5) may be due to development of gene
resistance against some fungal isolates when
compared with Econazole, Miconazole and
Ketoconazole. Our results agree with [12,40],
when they reported that Amphotericin B has
relatively narrow range for some fungi
Aspergillus and  Fusarium. A. niger, the low
concentration of AM (10 mg) compared with
higher concentration of others antifungals (1000
mg) (Table 6 see above) may be explained
based on activity and cell toxicity. The active

antifungal  concentration 10-100 mg for
Amphotericin -~ B while100-1000 mg for
Fluconazol, Miconazole and Ketoconazole
against C. albicans in vitro. [12]. Molecular

identification with specific primers is sufficient for
the characterization of Candida isolates and
demonstration of absence of Cryptococcus sp. in
urine samples under interest, and need no

additional biochemical tests like staining with
Indian ink to distinguish between the duo. This
result is in concordance with earlier studies about
the importance of PCR assays for the detection
of Candida spp. [15,28,41].

5. CONCLUSION

This study concluded that many filamentous
fungal species like Aspergillus spp., Penicillium
spp. and yeast like C. albicans and Geotrichum
were common in urine samples of UTI patients
when specifically searched for. These fungi were
high suspect especially in the presence of kidney
failure cases and complications. Ketoconazole
,Miconazole and Econazol were more effective
antifungal against Candida spp. Molecular
identification of Candida genus with specific
primers has facilitated the diagnosis of Candida
isolates and may be useful in demonstrating
absence of Cryptococcus sp. in urine samples
under interest.
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