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Abstract

Background: Candidemia is the main cause of fungal nosocomial bloodstream infections and is related to
meaningful mortality specially, in pediatrics. Mortality rate range from 5% to 71%, and it can reach as high as
81%. Delays in beginning of treatment have also been linked to intensified mortality. The epidemiology of
Candida infection is changing from region to region. Regional surveillance of the epidemiology of candidemia
is necessary to identify patients at highest risk. The aim of this study is rapid and precise detection of Candida
species isolated from blood stream by polymerase chain reaction-restriction fragment length polymorphism
(PCR-RFLP) technique.

Materials and Methods: This cross sectional study was conducted during October 2013 to January 2015.
Sixteen Candida strains were isolated from 36 patients with positive blood culture in Milad hospital, Resalat
Lab., Tehran, Iran. All isolates were identified by PCR-RFLP patterns after digestion with the restriction
enzyme Hpall.

Results: Candida albicans (72.2%) and Candida glabrata (22.2%) were the most prevalent species among
isolates. Male to female ratio was 9/7, ranging in age from 4-16 years.

Conclusion: Candida albicans remains the most frequently isolated species in the present study; however non-
albicans Candida species are increasing. Precise identification of Candida spp. can lead to a better management
of candidemia.
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Introduction

Candidemia is a main cause of morbidity intravenous  catheters, and parenteral
and mortality in patients with bloodstream hyperalimentation are the major risk
infections (BSIs) (1,2). Over the past two factors for candidemia (4, 5). The
decades, the incidence of candidemia has epidemiology of candidemia is changing
increased significantly (3). Candida throughout the world with an increase in
species are the most common cause of the percentage of non-albicans Candida
invasive fungal infections (IFIs) among species (6, 7). In order to apply an
cancer patients and patients who impressive medication, it is necessary to
hospitalized in the intensive care unit have an wupdated knowledge of the
(ICU) Q). Invasive  procedures, proportion of Candida species causing

transplantation, immunosuppressive gents, candidemia.
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Due to the varying susceptibilities to
routinely used antifungal agents such as
fluconazole (8), early and precise
identification to the species level would
help the clinician for more successful
management of infection. Non-culture-
based techniques like DNA detection by
PCR, and PCR-RFLP have been used in
order to help the rapid detection of
infections (9, 10). Since there are a few
studies in this field in Iran, we identified
Candida spp. isolated from blood stream
by PCR-RFLP method with an aim to
make better management of candidemia.

Materials and Methods

During October 2013 to January 2015, 850
patients referred to the Milad hospital,
Resalat Lab.,Tehran, Iran, for a blood
culture. Demographic characteristics of
patients including gender, age, and
residence were registered. In this cross-
sectional study the inclusion criteria were
as follows: the patients who were resistant
to antimicrobial treatments or individuals
with any clinical manifestations for
candidemia or suppression of immune
systems. A total of 36 out of 850 had
positive blood cultures (20 cases of
bacteria and 16 Candida species). A
diagnosis of candidemia was made on the
basis of >1 blood cultures growing
Candida species according to the standard
practice by using of the automated blood
culture system BACTEC 9050 (Becton
Dickinson, Sparks, MD, USA).
Identification system of Crystal BD and
the existence of pertinent clinical
manifestations (as listed in the guidelines
of the European Organization for Research
and Treatment of Cancer/Invasive Fungal
Infections Cooperative Group) was used in
the present investigation (11). A positive
blood culture with yeasts was sub cultured
onto the sabouraud glucose agar (Difco,
Detroit, MI, USA), and CHROMagar
Candida (Paris, France). Genomic DNA of
all isolates was extracted using FTA ®
Elute MicroCards (Whatman Inc., Clifton,
NJ, USA)(12) following the
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manufacturer's instructions. Briefly, a
loopful of a single colony was suspended
in 80-100 pl of distilled water and 5 pl of
the suspension was transferred to a disc of
FTA card (4 mm in diameter) and
incubated at 25°C for at least 5 h. The
dried papers were eluted in 400 pl sterile
water for 10 seconds, then the paper was
transferred to a new microtube containing
40 pl distilled water and incubated at 95 °
C for 15 min. The paper discs were
removed and the water including DNA
was used for PCR and stored at - 20 °C.
Identification of Candida spp. was
performed by using of already delineated
polymerase chain reaction- restriction
fragment length polymorphism (PCR-
RFLP) profiles (10, 13, 14). Briefly, the
ITS1-5.8SrDNA-ITS2 region was
amplified using PCR mixture including
Sul of 10 X reaction buffer, 0.4 mMdNTPs,
1.5 mM MgCl2, 2.5 U of Taq polymerase,
30 pmol of both ITS1 (5’ -TCC GTA GGT
GAA CCT GCG G-3') and ITS4 (5’ -TCC
TCC GCT TAT TGA TAT GC-3") primers
(14) and 2pl of extracted DNA in a final
volume of 50ul. The PCR cycling
conditions comprised: initial denaturation
at 94 ° C for 5 min, followed by 30 cycles
of denaturation at 94 °C for 30 s, annealing
at 55 °C for 45 s, and extension at 72 ° C
for 1 min, with a final extension at 72 °C
for 7 min. During the second step, PCR
products were digested with the restriction
enzyme Hpall (Fermentas, Vilnius,
Lithuania). Five microliters of each PCR
amplicons and 10ul of RFLP products
were separated by gel electrophoresis on
1.5 and 2% agarose gel (containing 0.5
pg/ml ethidium bromide), respectively.

Results

Sixteen Candida strains were isolated from
blood culture of total 850 suspected
patients referred to a referral hospital in
Tehran, Iran, during 15 months. Nine
patients (56.2%) were male and seven
patients (43.7%) were female, ranging in
age from 4 to 16 years. Cancer and ileus
were the most predisposing factors among
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patients (Table I). Hospitalization period
for the patients was 5-47 days in the
present study. Seven patients (43.7%) were
hospitalized in ICU, 6 patients (37.5%) in
cancer ward, 2 patients (12.5%) in general
medicine ward, and 1 case (6.2%) in
transplantation ward. Most patients had
formerly been exposed to broad-spectrum
antibiotics (n = 14, 87.5%). Septic shock
presented in 2 (12.5%) patients. Candida
albicans was the most prevalent species
isolated from candidemia (68.7%),
followed by Candida glabrata (25%)
(Figure 1, Table II). Colony features on
CHROMagar Candida confirmed our
findings, as Candida albicans, Candida
parapsilosis, and Candida glabrata

isolates gave distinctive green, white, and
pink colonies, respectively. Non-albicans
Candida species accounted for 31.2% of
the cases. Candida albicans was the most
prevalent species associated with ICU
ward (88.8%), and C. glabrata was most
repeatedly associated with GI tract disease
(75%). Four out of 16 patients (25%) were
expired due to the candidemia and
immunodeficiency disorders. In two
patients that passed away; the etiologic
agent of candidemia was Candida
albicans. Fourteen patients (87.5%) had
non-specific symptoms including fever,
chills, pain, nausea, vomiting, and 2
(12.5%) cases were asymptomatic.

Table I. Predisposing factors among patients with candidemia

Predisposing factor

Sex ratio (male to female)

Total number

Cancer 4/3 7 (43.7%)

Ileus 2/2 4 (25%)
Diabetes 1/1 2 (12.5%)
Cerebral tumor 0/1 1 (6.2%)
Heart failure 1/0 1 (6.2%)
Kidney transplantation 1/0 1 (6.2%)

Table 11. Candida species isolated from patients with candidemia

\ Candida spp. Sex ratio (male to female) Total number
C. albicans 6/5 11 (68.7%)
C. glabrata 2/2 4 (25%)
C. parapsilosis 1/0 1 (6.2%)

100bp

Figure 1. Agarose gel electrophoresis of ITS-PCR products of various Candida species after digestion

with Hpall shows C. albicans in lanes 1,2,4, C. parapsilosis and C. glabratain lane 3 and 5,

respectively, and lane M reveals100 bp DNA size marker
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Discussion

Candidemia has been identified among the
most prevalent etiologic agents of
bloodstream infections. It classified fourth
in the Surveillance and Control of
Pathogens of Epidemiologic Importance
(SCOPE) surveillance study of
bloodstream infections in hospitalized
patients in the United States (2) and
seventh in a national survey of 17 hospitals
in Switzerland (15). Candidemia is
associated with considerable morbidity
and mortality in hospitalized patients.
Although Candida albicans is the most
prevalent species, many reports have noted
an increase in the incidence of non-
albicans Candida species (3, 16, 17). In an
international surveillance project (1997—
2003) that contained 134,715 sequential
clinical strains of Candida species from
127 medical centers in 39 countries, a
trend toward a reduction in Candida
albicans and an increase in Candida
parapsilosis and Candida tropicalis was
noted (7). Moreover, species distribution
differences  have  been  described
worldwide. For example, Candida
albicans and Candida glabrata were most
often identified in series from the United
States and Denmark, while South America
had reduced rates of these Candida species
(18). Epidemiology of candidemia varies
noticeably from region to region (7).
Detection of hematogenous candidiasis or
candidemia has been problematic because
of the low positivity of blood cultures (19).
Even in patients with autopsy-proven
systemic candidiasis, the rate of colony
growth from blood cultures ranged
between 40-60% (20). In spite of the fact
that different laboratory tests based on
diagnosis of antigens, Candida-specific
antibodies, or metabolites have been
developed, they all suffer from lack of
sensitivity and/or specificity, in addition to
being time-consuming (21). Furthermore,
these examinations fail to distinctly
discriminate  between the infecting
Candida species. Information that is
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critical for initiating specific antifungal
therapy since several non-albicans
Candida species are known to be
intrinsically less susceptible to regularly
used antifungal agents (22). In order to
conquer the limitations of traditional
diagnostic tests, DNA-based techniques
have been developed for the identification
of Candida species and offer a possibly
more sensitive means of diagnosing
systemic candidiasis. The use of PCR-
based tests to detect Candida DNA in
body fluids like blood has produced
favorable results (21, 23), because more
than half of candidemia cases involve, 1
cel/mL, as shown by a study analyzing
candidemia cases from 1987 through 1991
(24), and this is difficult to detect this
amount of fungi in bloodstream by
conventional methods. Although Candida
albicans was the main Candida species in
the present study, the number of non-
albicans Candida species, especially
Candida glabrata, was higher than
reported onefrom other studies (25, 26).
Many investigations show 0.2 to 0.5/1000
admissions for candidemia (27, 28), but
we found 1.9 patients per 1000 admission
in the present study that seems to be
overestimated. Mortality rate among
patients with candidemia has been shown
to be meaningful, ranging from 14%to
49% (28-31). In agreement with the
present study, Candida albicans has been
reported by other researchers to be
connected to a high mortality (25, 30). An
important limitation of the present study
was lack of antifungal susceptibility
testing of clinical isolates. A delay in
initiation of antifungal therapy with
fluconazole among hospitalized patients
with candidemia has also been shown to
result in a considerably high mortality rate
(32, 33). In agreement with these reports,
all patients who passed away did not take
fluconazole in initial stage of candidemia.
We mentioned a connection between
septic shock and mortality. Two out of
four patients who died (50%) revealed
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septic shock. Aghili et al.,(2015) reported
the first case of C. membranaefaciens in
Iran, which occurred in a 70-year-old
woman, who had coronary artery bypass
grafting (34). They isolated germ-tube
negative yeast from both blood culture and
central venous catheter (CVC) tip culture.
They confirmed the results by sequence
analysis of internal transcribed spacer
region of rDNA. After the removal of the
CVC and initiation of fluconazole therapy,
the patient was gradually improved and
discharged from the hospital. In 2009,
Shahhosseiny et al.,(2010), isolated 14
Candida spp. from 2516 blood culture
samples (0.5%), and reported Candida
albicans as the most prevalent species
(35). Ghahri et al.,(2012) identified 48
clinical isolates of Candida species from
blood specimen cultures of
immunocompromised patients by PCR-
RFLP method (36). They reported
Candida parapsilosis as the most frequent
agent of candidemia, whereas Candida
parapsilosis was the least frequent species
in the present investigation. In 2013,
Kalantaret al.,(2013) isolated 5 Candida
spp. from 68 blood samples (7.3%) (37).
Ahmad et al.,(2002) used the species-
specific primers for species-specific
identification of Candida species including
Candida albicans, Candida tropicalis,
Candida  parapsilosis, and Candida
glabrata (20). Similar to this study, Horn
et al.,(2009) showed that Candida albicans
was the most common Candida strain in
their investigation (45.6%) followed by
Candida glabrata (26.0%), Candida
parapsilosis (15.7%), Candida tropicalis
(8.1%), and Candida krusei (2.5%)(3).
However, unlike the findings of the
present study, they reported that non—
albicans Candida species were more
commonly isolated from blood cultures
(54.4%).

Conclusion

Candidemia is an important cause of
morbidity and mortality among patients
infected to fungal infections. The
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epidemiology of candidemia is altering
however in this survey Candida albicans
was the most common cause of
candidemia. Cancer and ileus are
significantly associated with candidemia in
the present study that highlighting the need
for rapid and precise initiation of
antifungal therapy in these groups. We
emphasize the regional surveillance of the
epidemiology of candidemia to identify
patients at highest risk like pediatrics and
the pattern of causative agents of
candidemia in order to develop guidelines
for better management of this fatal
infection.
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