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ABSTRACT 
The main objective of the present study was to compare between culture based 

method (Hicrome Candida Differential Agar) and non-culture based method (PCR) 
for detection and identification of Candida spp. (C. albicans, C. glabrata, C. 
tropicalis and C. parapsilosis) isolated from intensive care unit (ICU) patients of New 
Kasr El Aini Medical School Educational Hospital, Egypt. The study was carried out 
during the period August 2008 to September 2009. The results showed that Candida 
isolates that isolated from Hicrome Candida Differential Agar plates were positive 
with PCR technique as follow: 100, 95.0, 85.0 and 90.0 for C. albicans, C. glabrata, 
C. tropicalis and C. parapsilosis, respectively. This means that using of Hicrome 
Candida Differential Agar media for detection and enumeration of Candida spp. was 
highly sensitive, rapid and economic method. 
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INTRODUCTION 

Candida species are capable of 
causing superficial mucosal lesions in 
both the oral and vaginal cavity when 
the balance between host and fungus 
shifts in favour of the fungus. Candida 
spp. is part of the normal flora on the 
skin and on the mucosal membranes of 
the oral cavity and gastrointestinal 
tract. Candida spp. can be recovered 
from sputum in 20% of health care 
personnel and 55% of hospitalized 
patients receiving antibiotics (Baum, 
1960; Meersseman et al., 2009). 

Candida infections are 
generally endogenous in origin, and 
prior colonization with the organism is 
often regarded as one of the major risk 
factors for candidiasis (Pfaller 1995; 
Pfaller and Diekema 2007). 
Colonization rates are higher in 
individuals whose mucosal immunity 
is impaired due to old age, diabetes 
mellitus or smoking (Lockhart et al., 
1998; Manfredi et al., 2002). 

Moreover, C. albicans is by far 
the most common cause of mucosal 
yeast infection, being the sole species 
recovered from up to 70% of HIV 
infected individuals and up to 90% of 
cases of Candida vaginitis (Coleman et 
al., 1993; Sobel, 2007). Other Candida 
species can be recovered alone or co-
isolated with C. albicans from sites of 
mucosal infection (Coleman et al., 
1995). 

The presumptive clinical 
identification of C. albicans is usually 
made on the basis of its ability to 
generate germ tubes when incubated at 
30 to 37°C for 2–4 h in serum. This 
germ tube production in C. albicans is 
affected by various environmental 
conditions. Although the germ tube 
(GT) test is an economic, easy, and 
rapid method available for screening 
for C. albicans, up to 5% of C. 
albicans strains are germ tube-negative 
(Perry and Miller, 1987) and false 
positive results can occur with certain 
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non-albicans yeasts, such us Candida 
tropicalis or Candida parapsilosis 
(Freydie´re and Guinet, 1997). 

These problems imply that a 
well-trained laboratory staff in clinical 
mycology is strongly required. There is 
an obvious need for rapid and cost-
effective differentiation of C. albicans 
from other sometimes drug-resistant 
Candida species in clinical 
microbiology (Odds, 1993). Also, 
reliable detection of mixed cultures 
might improve therapeutic intervention 
(Ainscough & Kibbler, 1998). In 
response to this increased need, several 
commercial systems are now available. 
Albicans ID2, Chromalbicans Agar, 
and CHROM agar Candida contain 
chromogenic or fluorogenic substrates 
hydrolyzed by the hexosaminidase of 
C. albicans. This leads to a rapid 
identification of C. albicans on the 
basis of colony colour. These 
substrates offer rapid identification 
directly upon primary culture (Carrillo-
Mun˜oz et al., 2001; Ca´rdenesa et al., 
2002). 

There are several chromogenic 
media available for the isolation and 
presumptive identification of C. 
albicans based on the pigmentation of 
the developing colonies, which is due 
to different enzyme activities among 
Candida species (Baumgartner et al., 
1996; Odds & Bernaerts, 1994; 
Quindo´s et al., 2001). 

HiCrome Candida Differential 
Agar (Himedia, India) is recommended 
for rapid isolation and identification of 
Candida species from mixed cultures. 
Perry and Miller (1987) reported that 
Candida albicans produces an enzyme 
β -N-acetyl- galactosaminidase and 
according to Rousselle et al. (1994) 
incorporation of chromogenic or 
fluorogenic hexosaminidase substrates 
into the growth medium helps in 
identification of C. albicans isolates 
directly on primary isolation. 

Since Polymerase Chain 
Reaction (PCR) has proven to be a 
powerful tool in the early diagnosis of 
several infectious diseases, it might 
also be a more sensitive alternative 
assay in the diagnosis of invasive 
candidiasis. Several PCR methods for 
the detection of Candida spp. in patient 
materials have been published 
(Buchman et al., 1990; Hopfer et al., 
1993; Kahn, 1993; Miyakawa et al., 
1993). The main aim of this study to 
compare between culture based method 
(Hicrome Candida Differential Agar) 
and non-culture based method (PCR) 
for detection and identification of 
Candida spp. isolated from intensive 
care unit (ICU) patients of New Kasr 
El Aini Medical School Educational 
Hospital, Egypt. 
 

MATERIALS AND METHODS 
1. Sampling and sampling sites: 

A total of 309 clinical isolates 
of Candida spp. were collected from 
different patient sources; Blood (n= 
80), Urine (n= 120), Sputum (n= 73) 
and Vaginal discharge (n= 36) from 
intensive care unit patients of New 
Kasr El Aini Medical School 
Educational Hospital) during the study 
period (August 2008 to September 
2009). 

Samples were obtained from 
patients with clinically proven or 
suspected systemic Candida infection. 
The patients’ symptoms and 
characteristics included persistent 
fever, unresponsiveness to broad-
spectrum antibiotic therapy, and 
specimen positivity by histopathology, 
etc... 

Samples were collected from 
patients that were isolated in ICU nits 
for a period not less than 48 h and have 
not taken any azole drugs. 
2. Reference strains: 

For quality control, American 
Type Culture Collection (ATCC) 
strains were used: Candida albicans 
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ATCC 14053, Candida glabrata 
ATCC 2001, Candida tropicalis 
ATCC 750 and Candida parapsilosis 
ATCC 22019 (MicroBiologics, Saint 
Cloud, MN, USA). 
 
3. Detection of Candida: 
3.1. Culture media: 

HiCrome Candida Differential 
Agar (Himedia, India) with 
composition: Peptone, special 15.0g/L, 
Yeast extract 4.0g/L, Dipotassium 
hydrogen phosphate 1.0g/L, 
Chromogenic mixture 7.22g/L, 
Chloramphenicol 0.5g/L, Agar 15.0g/L 
and 1L Distilled water, was used for 
rapid isolation and identification of 
Candida species from mixed cultures. 
42.72 grams of the dehydrated media 
was suspended in 1000 ml distilled 
water and was heated to boiling to 
completely dissolve the medium. DO 
NOT AUTOCLAVE. It was cooled to 
50°C and pour into sterile Petri plates. 
The clinical samples (blood, urine, 
sputum swabs and vaginal swabs) were 
directly inoculated onto the solidified 
Hicrome Candida differential Agar 
using spreading method and incubated 
at 30°C for 48 hours. 
3.2. Non culture method (PCR): 

The clinical isolates were kept 
in Brain Heart Infusion (BHI, 37 g/l; 
Bio-Rad, Marnes-la-Coquette, France) 
with 10% glycerol (Vaz Pereira, 
Lisbon, Portugal), at -70°C. Prior to 
testing, isolates were retrieved from 
storage and subcultured, for 24 to 48 h, 
on plates of Columbia sheep blood 
agar (bioMérieux, Lyon, France). The 
PCR technique was carried out 
according to Huaguo et al., (2007) as 
follow: 
3.2.1. Extraction of DNA: 

At least one loopful of cells 
was transferred into an Eppendorf tube 
containing 400 –800 μl of 1× TE. Then 
it was heated at 80 °C for 20 min to 
kill the Candida and then cooled to 
room temperature. 

A 50 μl 10 mg/ml lysozyme 
was added then, vortex and incubate 
for at least 1 h at 37 °C. Then add 75 μl 
10% Sodium Dodecyl Sulphate (SDS)/ 
proteinase K solution (5 μl proteinase 
K, 10 mg/l and 70 μl 10% SDS) 
(Fermentas), vortex briefly and 
incubate for 10 min at 65 °C. 

A 100 μl 5 M NaCl and 100 μl 
CTAB / NaCl (4.1 g NaCl, 10 g CTAB 
in 100 ml distilled water) then was 
added (Fermentas), which is 
prewarmed at 65 °C, vortex until the 
liquid content becomes white (milky), 
and incubate for 10 min at 65 °C. 

Then a 450 μl of chloroform / 
isoamyl alcohol (24:1) was added, 
vortex for 10 s, and then centrifuge at 
room temperature for 5 min at 12,000 
g. Transfer the aqueous supernatant to 
a fresh microcentrifuge tube (Labfuge, 
460). Add 450 μl isopropanol, incubate 
for 10 min on ice, centrifuge for 15 
min at room temperature. 

Discard the supernatant and 
wash the pellet with 500 μl of 70% 
ethanol and centrifuge for 
approximately 5 min at room 
temperature. Discard the supernatant 
and dry the pellet. Redissolve the pellet 
in 25 μl 1× TE buffer; the DNA can be 
stored at        4°C until required. 
3.2.2. Primer design: 

One set of primers targeting the 
ITS2 region of Candida were used, 
CN1 with sequence 427 
GCATCGATGAAGAACGCAGC 446 
and CN2 with sequence 834 
TTGATATGCTTAAGTTCAGCGGG
T 811. A PCR marker (HaeIII-digested 
ΦX174 replicative-form DNA) was 
used. 
3.2.3. PCR amplification: 

The reaction mixture (25 μl) 
contained 2.5 μl of 10× buffer (750 
mM Tris–HCl, 200 mM (NH4)2SO4, 
0.1% Tween 20), 2 μl of 10 mM dNTP 
mixture (2.5 mM eachdNTP), 1.5 μl of 
25 mol/LMgCl2, 0.2 μl of each primer 
(50 pmol), 1 U of Taq DNA 
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polymerase (MBI America), 5 μl of 
template DNA, and sterile distilled 
water to bring the total volume to 25 
μl.  

PCR amplification conditions 
were 5 min of denaturation at 95 °C, 
followed by 35 cycles of 95 °C for 30 
s, 58 °C for 30 s, and 72 °C for 1 min, 
with final extension step of 72 °C for 5 
min. Appropriate positive and negative 
controls were included. 

All PCR amplifications were 
performed by using (BIOER; model 
TC- 25/H & BIORAD; model PTC 
196). 
3.2.4. Agarose gel electrophoresis. 

Electrophoresis was conducted 
in TBE (0.1 M Tris, 0.09 M boric acid, 
0.001 M EDTA [pH 8.4]) buffer at 76 
V for approximately 1 h in gels 
composed of 1% (wt/vol) agarose 
(Boehringer Mannheim) and 1% 
(wt/vol) NuSieve (FMC Bioproducts, 
Rockland, Maine). Gels were stained 
with 0.5 mg of ethidium bromide per 
ml of deionized water for 30 min, 
followed by a 30-min wash in 
deionized water. DNA bands 
confirming a positive PCR were 
visualized with a UV transilluminator 
and photographed. 

RESULTS 
1. Culture method results (HiCrome 
Candida Differential Agar). 

The results in Tables 1, 2, 3 and 
4 showed the average counts of 
Candida spp. isolated from blood, 
urine, sputum and vaginal swabs 
samples, respectively using HiCrome 
Candida Differential Agar in Intensive 
Care Unit (ICU) of New Kasr El Aini 
Medical School Educational Hospital. 

The obtained results in Table 1 
showed that, the average counts of 
Candida spp. isolated from blood samples 
were 13.42, 10, 7.71 and 5.57 CFU/ml for 
Candida albicans, Candida glabrata, 
Candida tropicalis and Candida 
parapsilosis, respectively during the 
sampling period. The minimum counts 
were 10, 5, 4 and 4 CFU/ml for Candida 
albicans, Candida glabrata, Candida 
tropicalis and Candida parapsilosis, 
respectively. While the maximum counts 
were 18, 13, 12 and 7 CFU/ml for Candida 
albicans, Candida glabrata, Candida 
tropicalis and Candida parapsilosis, 
respectively.  The highest counts of 
isolated Candida spp. were Candida 
albicans in blood samples, while the 
lowest counts were Candida parapsilosis 
during the sampling months. 

 
Table 1: Average counts of Candida spp. isolated from blood samples from ICU patients of New Kasr 

El Aini Hospital (n =80). 
Candida                             

         spp. 
Months 

Colony forming unit (CFU) / ml 
Candida 
albicans 

Candida 
glabrata 

Candida 
tropicalis 

Candida 
parapsilosis 

Aug. 2008 14 12 8 6 
Sep. 2008 15 12 9 7 
Oct. 2008 18 13 12 7 
Nov. 2008 16 11 10 6 
Dec. 2008 11 10 4 4 
Jan. 2009 11 9 6 5 
Feb. 2009 13 8 7 6 
Mar. 2009 13 5 4 5 
Apr. 2009 14 9 9 5 
May 2009 12 7 6 6 
June 2009 13 11 8 4 
July 2009 10 10 8 4 
Aug. 2009 13 11 8 6 
Sep. 2009 15 12 9 7 
Minimum 10 5 4 4 
Maximum 18 13 12 7 
Average 13.42 10 7.71 5.57 

 
Table 2 showed that, the average 

counts of Candida spp. isolated from urine 
samples were 21.14, 14.14, 15.14 and 8.35 
CFU/ml for Candida albicans, Candida 
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glabrata, Candida tropicalis and Candida 
parapsilosis, respectively during the 
sampling period. The minimum counts 
were 18, 11, 11 and 5 CFU/ml for Candida 
albicans, Candida glabrata, Candida 
tropicalis and Candida parapsilosis, 
respectively. While the maximum counts 
were 24, 17, 19 and 12 CFU/ml for 

Candida albicans, Candida glabrata, 
Candida tropicalis and Candida 
parapsilosis, respectively. The highest 
counts of isolated Candida spp. were 
Candida albicans in urine samples, while 
the lowest counts were Candida 
parapsilosis during the sampling months. 

 
Table2: Average counts of Candida spp. isolated from urine samples from ICU patients of New Kasr El 

Aini Hospital (n =120). 
             Candida    spp. 

    Months 
Colony forming unit (CFU) / ml 

Candida albicans Candida glabrata Candida tropicalis Candida parapsilosis 
Aug. 2008 22 15 17 12 
Sep. 2008 23 16 12 9 
Oct. 2008 19 14 12 9 
Nov. 2008 22 15 18 8 
Dec. 2008 20 11 11 7 
Jan. 2009 18 12 13 9 
Feb. 2009 19 14 14 8 
Mar. 2009 22 17 18 10 
Apr. 2009 23 15 16 5 
May 2009 19 12 13 7 
June 2009 20 12 15 7 
July 2009 23 14 19 7 
Aug. 2009 22 14 17 9 
Sep. 2009 24 17 17 10 
Minimum 18 11 11 5 
Maximum 24 17 19 12 
Average 21.14 14.14 15.14 8.35 

 
The obtained results in Table 3 

showed that, the average counts of 
Candida spp. isolated from sputum 
swabs samples were 23.71, 17.42, 
15.21 and 9.14 CFU/ml for Candida 
albicans, Candida glabrata, Candida 
tropicalis and Candida parapsilosis, 
respectively during the sampling 
period. The minimum counts were 20, 
12, 11 and 4 CFU/ml for Candida 
albicans, Candida glabrata, Candida 

tropicalis and Candida parapsilosis, 
respectively. While the maximum 
counts were 27, 22, 19 and 13 CFU/ml 
for Candida albicans, Candida 
glabrata, Candida tropicalis and 
Candida parapsilosis, respectively. 
The highest counts of isolated Candida 
spp. were Candida albicans in sputum 
swabs samples, while the lowest counts 
were Candida parapsilosis during the 
sampling months. 

 
Table 3: Average counts of Candida spp. isolated from sputum swabs samples from ICU patients of 

New Kasr El Aini Hospital (n =73). 
                        Candida spp. 
 Months 

Colony forming unit (CFU) / ml 
Candida albicans Candida glabrata Candida tropicalis Candida parapsilosis 

Aug. 2008 25 22 19 12 
Sep. 2008 26 17 14 12 
Oct. 2008 27 19 15 13 
Nov. 2008 23 17 15 5 
Dec. 2008 20 12 12 8 
Jan. 2009 20 14 11 4 
Feb. 2009 25 17 14 7 
Mar. 2009 20 14 19 12 
Apr. 2009 24 17 14 7 
May 2009 21 17 14 9 
June 2009 24 20 14 5 
July 2009 25 18 17 12 
Aug. 2009 27 22 17 10 
Sep. 2009 25 18 18 12 
Minimum 20 12 11 4 
Maximum 27 22 19 13 
Average 23.71 17.42 15.21 9.14 
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Table 4 showed that, the 

average counts of Candida spp. 
isolated from vaginal swabs samples 
were 24.85, 19.07, 18.07 and 12.92 
CFU/ml for Candida albicans, 
Candida glabrata, Candida tropicalis 
and Candida parapsilosis, respectively 
during the sampling period. The 
minimum counts were 21, 14, 12 and 9 
CFU/ml for Candida albicans, 
Candida glabrata, Candida tropicalis 
and Candida parapsilosis, 
respectively. While the maximum 

counts were 29, 24, 22 and 17 CFU/ml 
for Candida albicans, Candida 
glabrata, Candida tropicalis and 
Candida parapsilosis, respectively. 
The highest counts of isolated Candida 
spp. were Candida albicans in vaginal 
swabs samples, while the lowest counts 
were Candida parapsilosis during the 
sampling months. Also, both of 
Candida glabrata and Candida 
tropicalis showed nearly the same 
averages during the sampling period. 

 
Table 4: Average counts of Candida spp. isolated from vaginal swabs samples from ICU patients of 

New Kasr El Aini Hospital (n =36). 
                          Candida  spp. 

   Months 
Colony forming unit (CFU) / ml 

Candida albicans Candida glabrata Candida tropicalis Candida parapsilosis 
Aug. 2008 24 18 12 10 
Sep. 2008 25 24 20 11 
Oct. 2008 25 14 17 14 
Nov. 2008 25 18 17 12 
Dec. 2008 24 19 17 13 
Jan. 2009 21 17 14 9 
Feb. 2009 25 18 17 12 
Mar. 2009 22 18 17 13 
Apr. 2009 26 19 20 14 
May 2009 22 19 19 12 
June 2009 27 22 20 15 
July 2009 27 21 22 15 
Aug. 2009 29 23 22 17 
Sep. 2009 26 17 19 14 
Minimum 21 14 12 9 
Maximum 29 24 22 17 
Average 24.85 19.07 18.07 12.92 

 
2. PCR results: 

Forty isolates of Candida 
albicans, 20 isolates of Candida 
glabrata, 20 isolates of Candida 
tropicalis and 10 isolates of Candida 
parapsilosis were isolated randomly 
from HiCrome Candida Differential 
Agar Petri dishes and examined using 
PCR technique. From these 40 isolates 
of C. albicans, a fifty isolates the 
obtained results showed that all 

isolates of C. albicans were positive 
using PCR (100%). 

However, 20 isolates of 
Candida glabrata the results showed 
that 19 isolates were positive (95%). In 
addition to that, 20 isolates of Candida 
tropicalis the results showed that 17 
isolates were positive (85%). 

Moreover, 10 isolates of 
Candida parapsilosis showed that 9 
isolates were positive (90%) as showed 
in Table 5 and Fig. 1.

 
Table 5: PCR results of Candida spp. isolates from sampling sites during the study period. 

Candida albicans Candida glabrata Candida tropicalis Candida parapsilosis 
PCR + (%) PCR + (%) PCR + (%) PCR + (%) 
40/40 100 19/20 95.0 17/20 85.0 9/10 90.0 
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Fig. 1. Agarose gel electrophoresis of the PCR products using the universal primer to amplify the 4 species. Lane 
1: marker (HaeIII-digested ΦX174 replicative-form DNA); Lane 2: C. glabrata (450bp); Lane 3: C. albicans 

(380bp); Lane 4: C. tropicalis (360bp); Lane 5: C. parapsilosis (320bp). 
 

DISCUSSION 
Invasive fungal infections 

represent a major public health 
concern. In particular, systemic 
candidiasis remains an increasing 
source of morbidity and mortality 
especially in immunocompromised 
patients such as neutropenic patients 
undergoing antiblastic chemotherapy 
or bone marrow transplants (Jarvis, 
1995; Pfaller et al., 1998; La Valle et 
al., 2000). 

Candidemia has been estimated 
as the fourth most common nosocomial 
infection with an attributable mortality 
rate of about 50% (Edmond et al., 
1999; Gudlaugsson et al., 2003). 

Candida species may cause 
severe opportunistic infections, 
particularly in hospitalized patients. 
The predominant species remains C. 
albicans, comprising 54-67% of the 
clinical isolates of Candida (Milde et 
al., 2000; Carvalho et al., 2007). 

Candida albicans is the most 
common and clinically relevant 
pathogen of the genus. However, there 
has been a significant trend in the 
emergence of species other than C. 
albicans, with a particular increase in 
Candida glabrata and Candida krusei 
frequency (Pfaller and Diekema, 2002; 
Tortorano et al., 2004) and to a lesser 
extent, Candida parapsilosis and 
Candida tropicalis (Kao et al., 1999). 

During the study period, we 
obtained 309 Candida isolates from 
different body sites (blood, urine, 

sputum and vaginal swabs) of the 
hospitalized intensive care and cardiac 
unit's patients. The urinary tract being 
the most involved body site among the 
nosocomial fungal infections, Chen et 
al. (1997), indicated that bloodstream 
and urinary tract infections were the 
most frequently seen nosocomial 
fungal infections. 

The results obtained in the 
study showed that C. albicans was the 
most frequently isolated species in 
patients with nosocomial fungal 
infection. It was followed by C. 
glabrata, C. tropicalis and C. 
parapsilosis. 

These results were similar to 
those obtained by Findik and Tuncer, 
(2002) who found that, C. albicans was 
the most frequently isolated species in 
patients with nosocomial fungal 
infection (75.4%). It was followed by 
C. glabrata (8.2%), C. tropicalis 
(4.8%), C. kefyr (3.4%), C. 
parapsilosis (2.5%), C. lusitaniae 
(1.9%), C. famata (1.4%), C. krusei 
(1.4%) and C. guilliermondii (1%). 

Also, the distribution of 
Candida species in the present study 
was similar to the distribution of 
Candida species reported by Rodero et 
al. (1999); it was C. albicans 50.6%, 
C. tropicalis 22.5%, C. parapsilosis 
20.2%, and C. krusei and C. glabrata 
2.2%. 

Chromogenic media such as 
HiCrome Candida Differential Agar 
which facilitates rapid isolation of 

1 2 3 4 5
500bp 

400bp 

300bp 
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yeasts from mixed cultures and allows 
differentiation of Candida species 
namely C. albicans (light green), C. 
parapsilosis (off-white to cream), C. 
tropicalis (blue to metallic blue) and C. 
glabrata (cream to white) on the basis 
of coloration in less than 48 hours. 

Although detailed cost-benefit 
survey were not carried out, it seems 
clear that these chromogenic media are 
economical in terms of labor and time. 
Moreover, their cost would be more 
than offset by the decreased need for 
secondary biochemical tests 
(Baumgartner et al., 1996). However, 
the diagnostic usefulness of PCR 
remains to be established because of 
the reported limitations of the 
technique when whole blood is used 
(Hopfer et al., 1993; Kahn, 1993), the 
lack of verification with a species-
specific probe for the amplified 
product (Buchman et al., 1990), and 
the inability to detect medically 
important Candida spp. other than C. 
albicans (Miyakawa et al., 1992; Van 
Deventer et al., 1995). 

The PCR according to its 
sensitivity and specificity seem 
promising. The advantages of PCR are 
the relatively short processing time and 
its high sensitivity and specificity. The 
amplification feature of the PCR assay 
make it ideal for detecting low yeast 
levels from minimal volume of clinical 
samples. DNA based diagnosis tests 
have also the potential to decrease the 
time taken for the laboratory 
identification of pathogens that are 
growing slowly or difficult to culture 
(Khlif et al., 2007). 

Moreover, rapid identification 
of the fungal pathogens such as 
Candida spp. directly from clinical 
samples and institution of early therapy 
may help to reduce the hospital stay 
and high overall costs associated with 
management of candidemia. It is also 
of great value in epidemiological 
studies. 

This study has showed that 
using of Hichrome Candida 
Differential Agar was useful for 
detection and identification of Candida 
spp. isolated from different clinical 
samples. The isolated strains were 
confirmed by PCR technique which 
showed that most presumptive Candida 
strains (isolated from Hichrome 
Candida Differential Agar) were as 
suspected according to its growth on 
chromogenic media (Hichrome 
Candida Differential Agar). 

 
REFERENCES 

Ainscough, S. and Kibbler, C. C. (1998). 
An evaluation of the cost-
effectiveness of using 
CHROMagar for yeast 
identification in a routine 
microbiology laboratory. J. Med. 
Microbiol., 47: 623–628. 

Baum, G. L. (1960). The significance of 
Candida albicans in human 
sputum. N. Engl. J. Med., 263:70–
73. 

Baumgartner, C.; Freydiere, A. M. and 
Gille, Y. (1996). Direct 
identification and recognition of 
yeast species from clinical 
material by using Albicans ID and 
CHROMagar Candida plates. J. 
Clin. Microbiol., 34: 454–456. 

Buchman, T. G.; Rossier, M. ; Merz, W. 
G. and Charache, P. (1990). 
Detection of surgical pathogens by 
in vitro DNA amplification. I. 
Rapid identification of Candida 
albicans by in vitro amplification 
of a fungus-specific gene. Surgery, 
108:338–347. 

Ca´rdenesa, C. D.; Carrillob, A. J.; Arias, 
A.; Rodrı´guez-Alvarez, C.; 
Torres-Lana, A.; Sierra, A. and 
Are´valo, M. P. (2002). 
Comparison of Albicans ID2 agar 
plate with the germ tube for 
presumptive identification of 
Candida albicans. Diagnostic 
Microbiol. and Infect. Disease, 42: 
181–185. 

Carrillo-Mun˜oz, A. J.; Quindo´s, G.; 
Ca´rdenes, C. D.; Alonso Vargas, 



Comparison between culture and non-culture based methods for detection of Nosocomial 45

R.; Are´valo, P.; Brio´, S. and 
Madariaga, L. (2001). Evaluacio´n 
del medio Chromalbicans AgarR 
para la identificacio´n presuntiva 
de Candida albicans. Rev. 
Iberoam. Micol., 18: 105– 108. 

Carvalho, A.; Costa-De-Oliveira, S.; 
Martins, M. L.; Pina-Vaz, C.; 
Rodrigues, A. G.; Ludovico, P. et 
al. (2007). Multiplex PCR 
identification of eight clinically 
relevant Candida species. Med. 
Mycol., 45:619–627. 

Chen, Y. C.; Chang, S. C.; Sun, C. C.; 
Yang, L. S.; Hsieh, W. C. and 
Luh, K. T. (1997). Secular trends 
in the epidemiology of the 
nosocomial fungal infections at a 
teaching hospital in Taiwan, 1981 
to 1993. Infect. Control Hosp. 
Epidemiol., 18: 369-375. 

Coleman, D. C.; Bennett, D. E.; Gallagher, 
P. J.; Flint, S. R.; Nolan, A.; 
Mulcahy, F. M.; Sullivan, D. J.; 
Henman, M. C.; Russell, R. J. and 
Shanley, D. B. (1995). Oral 
candidiasis and HIV infection: 
anti-fungal drug resistance and 
changes in Candida population 
dynamics. In: Greenspan JS, 
Greenspan D, Greenspan JS, 
Greenspan D (eds) Oral 
manifestations of HIV infection. 
Quintessence publishing 
Company, Chicago, IL. 

Coleman, D. C.; Bennett, D. E.; Sullivan, 
D. J.; Gallagher, P. J.; Henman, 
M. C.; Shanley, D. B. and Russell, 
R. J. (1993). Oral Candida in HIV 
infection and AIDS: new 
perspectives/new approaches. Crit. 
Rev. Microbiol., 19:61–82. 

Edmond, M. B.; Wallace, S. E.; McClish, 
D. K.; Pfaller, M. A.; Jones, R. N. 
and Wenzel, R. P. (1999). 
Nosocomial bloodstream 
infections in United States 
hospitals: a three-year analysis. 
Clin. Infect. Dis., 29(2):239–244. 

Findik, D. and Tuncer, Ü. (2002). 
Nosocomial Fungal Infections in a 
Teaching Hospital in Turkey: 
Identification of the Pathogens and 
Their Antifungal Susceptibility 

Patterns. Turk. J. Med. Sci., 32: 
35-38. 

Freydie´re, A. M. and Guinet, R. (1997). 
Rapid methods for identification 
of the most frequent clinical 
yeasts. Rev. Iberoam Micol., 14: 
82–87. 

Gudlaugsson, O.; Gillespie, S.; Lee, K.; 
Vande Berg J.; Hu, J.; Messer, S. 
et al. (2003). Attributable 
mortality of nosocomial 
candidemia, revisited. Clin. Infect. 
Dis., 37:1172–1177. 

Hopfer, R. L.; Walden, P.; Setterquist, S. 
and Highsmith, W. E. (1993). 
Detection and differentiation of 
fungi in clinical specimens using 
polymerase chain reaction (PCR) 
amplification and restriction 
enzyme analysis. J. Med. Vet. 
Mycol. 31:65–74. 

Huaguo, X.; Likuan, X.; Xiaoli, L. and 
Zhiguang, T. (2007). Rapid 
simultaneous detection and 
identification of six species 
Candida using polymerase chain 
reaction and reverse line 
hybridization assay. J. Microbiol. 
Meth., 69 :282–287. 

Jarvis, W. R. (1995). Epidemiology of 
nosocomial fungal infections, with 
emphasis on Candida species. 
Clin. Infect. Dis., 20:1526–1530. 

Kahn, V. L. (1993). Polymerase chain 
reaction for the diagnosis of 
candidemia. J. Infect. Dis. 
168:779–783. 

Kao, A. S.; Brandt, M. E.; Pruitt, W. R.; 
Conn, L. A.; Perkins, B. A. and 
Stephens, D. S., et al. (1999). The 
epidemiology of candidemia in 
two United States cities: results of 
a population-based active 
surveillance. Clin. Infect. Dis., 
29(5):1164–1170. 

Khlif, M. ; Sellami , H. ; Sellami, A. ; 
Makni, F.; Cheikhrouhou, F.; 
Chelly, H. ; Bouaziz, M. and 
Ayadi, A. (2007). Detection and 
identification of Candida sp. by 
PCR in candidemia diagnosis. J. 
de Mycologie Me´dicale, 17: 256-
260. 

La Valle, R.; Sandini, S.; Gomez, M. J.; 
Mondello, F.; Romagnoli, G.; 



Samia Abdou Girgis et al. 46

Nisini, R. et al. (2000). Generation 
of a recombinant 65-Kilodalton 
mannoprotein, a major antigen 
target of cell-mediated immune 
response to Candida albicans. 
Infect. Immun., 68:6777–6784. 

Lockhart, S.; Joly, S.; Vargas, K.; Swails-
Wenger, J.; Enger, L. and Soll, D. 
R. (1998). Natural defenses 
against Candida colonization 
break down in the oral cavity of 
the elderly. J. Dent. Res., 78:857–
868. 

Manfredi, M.; McCullough, M. J.; Al-
Karaawi, Z. M.; Hurel, S. J. and 
Porter, S. R. (2002). The isolation, 
identification and molecular 
analysis of Candida spp. isolated 
from the oral cavities of patients 
with diabetes mellitus. Oral 
Microbiol. Immunol., 17:181–185. 

Meersseman W.; Lagrou, K.; Spriet, I.; 
Maertens, J.; Verbeken, E.; 
Peetermans, W. E. and Van 
Wijngaerden, E. (2009). 
Significance of the isolation of 
Candida species from airway 
samples in critically ill patients: a 
prospective, autopsy study. 
Intensive Care Med., 35:1526–
1531. 

Milde, K.; Kostka, V.; Kaleta, E. F.; 
Willems, H. and Jager, C. (2000). 
Multiplex-PCR-based 
differentiation and 
characterization of Candida 
isolates derived from tortoises 
(testudinae). Vet. Microbiol., 
76:395–402. 

Miyakawa, Y.; Mabuchi, T. ; Kagaya, K. 
and Fukazawa, Y. (1992). 
Isolation and characterization of a 
species-specific DNA fragment 
for detection of Candida albicans 
by polymerase chain reaction. J. 
Clin. Microbiol. 30:894–900. 

Miyakawa, Y.; Mabuchi, T. and 
Fukazawa, Y. (1993). New 
method for detection of Candida 
albicans in human blood by 
polymerase chain reaction. J. Clin. 
Microbiol. 31:3344–3347. 

Odds, F. C. (1993). Resistance of yeasts to 
azole derivative antifungals. J. 

Antimicrob. Chemother., 31: 463–
471. 

Odds, F. C. and Bernaerts, R. (1994). 
CHROMagar Candida, a new 
differential isolation medium for 
presumptive identification of 
clinically important Candida 
species. J. Clin. Microbiol., 32(8): 
1923–1929. 

Perry, J. L. and Miller, G. R. (1987). 
Umbelliferyl-labeled 
galactosaminide as an aid in 
identification of Candida albicans. 
J. Clin. Microbiol., 25(12): 2424–
2425. 

Pfaller, M. A. (1995). Epidemiology of 
candidiasis. J. Hosp. Infect., 
30:329–338. 

Pfaller, M. A. and Diekema, D. J. (2002). 
Role of sentinel surveillance of 
candidemia: trends in species 
distribution and antifungal 
susceptibility. J. Clin. Microbiol., 
40:3551–3557. 

Pfaller, M. A.; Jones, R. N.; Messer, S. A.; 
Edmond, M. B.; Wenzel, R. P. 
(1998). National surveillance of 
nosocomial blood stream infection 
due to Candida albicans: 
frequency of occurrence and 
antifungal susceptibility in the 
SCOPE program. Diagn. 
Microbiol. Infect. Dis., 31:327–
333. 

Quindo´s, G.; Alonso-Vargas, R.; Helou, 
S.; Arechavala, A.; Martı´n-
Mazuelos, E. and Negroni, R. 
(2001). Evaluacio´n micolo´gica 
de un nuevo medio de cultivo 
cromo´geno (Candida ID) para el 
aislamiento e identificacio´n 
presuntiva de Candida albicans y 
otras levaduras de intere´s 
me´dico. Rev. Iberoam. Micol., 
18:23–28. 

Rodero, L.; Davel, G.; Cordoba, S.; Soria, 
M.; Canteros, C. and 
Hochenfellner, F. (1999). 
Multicenter study on nosocomial 
candidiasis in the Republic of 
Argentina. Rev. Argent. 
Microbiol., 31: 114-119. 

Rousselle, P.; Freydiere, A.; Couillerot, P.; 
de Montclos, H. and Gille, Y. 



Comparison between culture and non-culture based methods for detection of Nosocomial 47

(1994). J. Clin. Microbiol., 
32:3034-3036. 

Sobel, J. D. (2007). Vulvovaginal 
candidosis. Lancet, 369:1961–
1971. 

Tortorano, A. M.; Peman, J.; Bernhardt, 
H.; Klingspor, L.; Kibbler, C. C.; 
Faure, O. et al. (2004). 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., 23:317–322. 

Van Deventer, A. J. M.; Goessens, W. H. 
F. ; Van Belkum, A. ; Van Vliet, 
H. J. A. ; Van Etten, E. W. M.  
and Verbrugh, H. A. (1995). 
Improved Detection of Candida 
albicans by PCR in Blood of 
Neutropenic Mice with Systemic 
Candidiasis. J. Clin. Microbiol., 
33(3): 625–628. 

 
 

ARABIC SUMMARY 

 
 

المكتسبة داخل المستشفيات في مقارنة بين الطرق المزرعية و غير المزرعية في اكتشاف العدوى الفطرية 
 مرضى وحدات العناية الفائقة

 
   ٣لمياء محمد توفيق راضى - ٢عادل أحمد المحلاوى-١سامية عبدة جرجس

  جامعة عين شمس - كلية الطب -اثولوجيا الإكلينيكية أستاذ مساعد الب -١
  جامعة عين شمس -كلية العلوم  - أستاذ مساعد  الميكروبيولوجى  -٢

  جامعة عين شمس - مستشفى عين شمس التخصصي  -٣
  

ة ين الطرق المزرعي ة ب ذه  الدراسة ھو المقارن ى(الغرض الاساسى من ھ و عل ى تنم  Hicrome الت
candida differential agar) ( و الطرق غير المزرعية بواسطة ال)P.C.R.  ( و ذلك  لتعريف والكشف عن

ة من  واع المختلف  .Candida species (C. albicans, C. glabrata, C. tropicalis and Cالان
parapsilosis)  ل اھرة مث ة بالق فيات تعليمي ر خمس مستش ة من اكب ة الفائق المعزولة من مرضى وحدات العناي

  .العينى الجديد القصر
ائج ان ٢٠٠٩إلى سبتمبر  ٢٠٠٨وقد أجريت ھذه الدراسة خلال الفترة من أغسطس  د اظھرت النت ، و ق

واع ال  ين ان اك توافق واضح ب ى   Candidaھن ة عل اق المحتوي ى الاطب ة عل  Hicrome Candida)المعزول
Differential Agar plates)  ل ال ائج تحلي ين نت الى ) .P.C.R(و ب ى النحو الت و  ٨٥.٠،  ٩٥.٠، ١٠٠: عل

ة .  ٩٠.٠ واع الاتي  ,C. albicans, C. glabrata, C. tropicalis and C. parapsilosis :بالنسبة للان
والي ى الت تخدام . عل ى أن اس ذا يعن ف  Hicrome Candida Differential Agar media)(وھ للكش

   اقتصادية الأسلوبحساسة للغاية وسريعة و.  candida speciesعن
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