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Early Diagnosis of Candidemia in the ICU

cluding sepsis, intra-abdominal infections, hospitalization within the last three months,
prolonged antibiotic use (>1 week), Candida colonization, percutaneous endoscopic gas-
trostomy, central venous catheter, and acute kidney injury (p<0.05). During the prospec-
tive phase, which evaluated 75 ICU patients, a Cerrahpasa Candida score cutoff value of
>4 points was established as significantly associated with an increased risk of candidemia
(p<0.05). The Cerrahpasa Candida score and PCR assay, targeting the internal transcribed
spacer (ITS) and D1/D2 regions, showed clinical utility for early diagnosis.

Conclusion: The Cerrahpasa Candida score and real-time PCR test developed in this study
offer promising tools for guiding antifungal therapy in ICU patients, potentially reduc-
ing unnecessary antifungal use. However, improvements in PCR sensitivity are necessary.
Further multicenter studies with larger patient cohorts are recommended to validate the
clinical effectiveness of these diagnostic tools.

Keywords: candidemia, Candida score, real-time PCR, intensive care unit, melting curve

analysis, ITS and D1/D2 regions

INTRODUCTION

nvasive Candida infections have increased signifi-

cantly in recent years due to various risk factors,

including invasive procedures, vascular cathe-
terization, intra-abdominal surgery, prolonged use
of broad-spectrum antibiotics, immunosuppressive
medications, hemodialysis, total parenteral nutri-
tion (TPN), and extended intensive care unit (ICU)
stays (1, 2). Candida, one of the top three nosocomial
bloodstream infections, is particularly common in
ICUs and is associated with high mortality rates (3).
A multicenter study across 23 ICUs in nine Euro-
pean countries reported a 30-day mortality rate of
42% for candidemia (4, 5).

Candidemia is a critical condition often encoun-
tered in ICUs, with high rates of morbidity and
mortality (4-7). Candida species colonize many ICU
patients, and candidemia can develop in approxi-
mately one-third of them, particularly those with
progressive colonization or who have undergone
major abdominal surgery (1, 8). Early detection of
candidemia is challenging, as microbiological docu-
mentation frequently arrives late, leading to delays
in diagnosis and treatment, which are associated
with increased mortality (9). Prolonged hospital
stays and significant healthcare costs further un-
derscore the importance of timely intervention (7,
10).

Blood cultures are the gold standard for diagnosing
candidemia but have significant limitations (11).
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They require at least three days to detect growth
and an additional two days for identification, mak-
ing them too slow to manage critically ill ICU pa-
tients effectively. Candida is isolated from blood cul-
tures at a rate of 50-70% and late (12). Invasive can-
didiasis diagnosis is easily made in patients with
positive blood cultures, but the low sensitivity of
blood cultures means that some patients with sys-
temic infections may be missed. Faster detection
of yeasts in blood cultures and the development of
new non-culture-based techniques are two of the
most important research areas in the literature.
Recent guidelines recommend using Candida scor-
ing systems for early detection of infections and

HIGHLIGHTS

e Candidemia is common among ICU patients,
with a high prevalence of Candida colonization
and a significant mortality rate.

e Sepsis, intra-abdominal infections, recent hos-
pitalization (within the last three months), pro-
longed antibiotic use (>1 week), Candida coloni-
zation, percutaneous endoscopic gastrostomy
(PEG), central venous catheter (CVC), and acute
kidney injury (AKI) were identified as key risk
factors for candidemia in ICU patients.

e Cerrahpasa Candida score, particularly with a
cutoff value of 4, has proven to be an effective
tool for identifying patients at high risk for can-
didemia.
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prompt initiation of antifungal treatment (13). The
‘Candida score’ developed by Ledn et al. is common-
ly applied to non-neutropenic ICU patients, demon-
strating a sensitivity of 81% and specificity of 74%
for scores above 2.5 (14). However, while this score
is effective for surgical ICU patients, it may not
adequately identify candidemia in patients with
non-surgical issues, highlighting a significant lim-
itation of the existing score.

Early diagnosis and treatment of candidemia are
crucial for improving survival rates in ICU patients
(1, 7). Because of the low sensitivity of serological
tests, thereis an urgent need for faster molecular di-
agnostic techniques to provide results within hours
or minutes (15). However, the lack of a well-estab-
lished molecular diagnostic method complicates
the effective management of candidemia, leading
to significant clinical and economic burdens (10).

This prospective observational study aimed to eval-
uate risk factors in critically ill ICU patients, create
a unique Cerrahpasa Candida score, and develop a
Candida real-time polymerase chain reaction (PCR)
assay for the early diagnosis of candidemia in ICU
settings.

MATERIALS AND METHODS

Patients and Study Design

Retrospective case-control study

This study was conducted in three phases. In the
first phase, we performed a retrospective case-con-
trol study involving 100 ICU patients, including 50
candidemia cases and 50 controls (patients with-
out candidemia) at Cerrahpagsa Medical Faculty be-
tween January 2017 and December 2018. Cases and
controls were matched in a 1:1 ratio based on age,
sex, and candidemia risk factors to minimize con-
founding variables. Patients younger than 18 years
of age or with neutropenia were excluded from the
study. We assessed each patient for the following
risk factors: recent hospitalization within the last
three months, prolonged antibiotic therapy (more
than one week), immunosuppressive drug use, ma-
lignancy, sepsis, intra-abdominal infections, Candida
colonization at two or more sites, extended ICU stay,
elevated C-reactive protein (CRP) and procalcitonin
levels, TPN, mechanical ventilation, open decubitus
ulcers, history of transplantation, acute kidney inju-
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1y (AKI), central venous catheter (CVC) placement,
and major surgery. Following ethical committee ap-
proval, patient data were extracted from hospital
records, and informed consent was waived.

The istanbul University-Cerrahpasa Institutional
Review Board approved the study on September 10,
2018 with the decision number 64414572-604.01.01-
53634.

Prospective cross-sectional study

In the second phase, data from the retrospective
case-control study were used to develop the Cerrah-
pasa Candida score, a predictive tool for candidemia
risk in ICU patients. This prospective cross-section-
al study was conducted at Istanbul University-Cer-
rahpasa between December 2020 and January 2021
to evaluate the clinical efficacy of this scoring sys-
tem (Table 1). Informed consent was obtained from
the patients or their legal representatives before
enrollment. Seventy-five ICU patients hospitalized
for more than 72 hours were included. Upon ICU
admission, patients were monitored for the first 72
hours and then daily after that. Patients were fol-
lowed until ICU discharge or until the development
of candidemia. The Cerrahpasa Candida score was
recorded daily, and the highest score during fol-
low-up was used for patients who did not develop
candidemia. The score on the day of diagnosis was
recorded for patients who developed candidemia.

Real-Time PCR Assay Development

In the third phase, we developed and tested a re-
al-time PCR assay targeting specific Candida gene
regions from whole blood samples. This molecular
diagnostic tool was designed to allow early detec-
tion of candidemia in high-risk ICU patients.

Candida DNA in whole blood was detected using
a single EvaGreen-based real-time PCR assay, tar-
geting the internal transcribed spacer (ITS), D1/D2,
EFla, and tubulin gene regions. The PCR analysis
was performed at the Molecular Microbiology Lab-
oratory at Istanbul University-Cerrahpasga.

Blood culture isolates of Candida albicans and Can-
dida parapsilosis were identified by conventional
methods (germ tube test, CHROMagar, cornmeal
agar, API 20C tests) and confirmed by matrix-as-

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.
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Table 1. Cerrahpasa ICU bedside Candida SCORE form.

Predictive factor (1 point for each) D1 D2

D3 D4 D5 D6 D7

Candida score* =3

Intraabdominal infection

Acute kidney injury** (HD or CRRT)

Antibiotic use (>7 days)

Hospitalization in the last 3 months

Total score (0-5)

*Modified Candida score includes 1 point for Candida growth in a sample other than blood (instead of multifocal Candida colonization), 1 point for
surgery, 1 point for Total Parenteral Nutrition (TPN), and 2 points for severe sepsis.
**Acute kidney injury is assessed using the KDIGO (The Kidney Disease: Improving Global Outcomes) criteria from 2012.

CCRT: Continuous renal replacement therapy, HD: Hemodialysis.

Table 2. Primer pairs used for amplification by real-time PCR.

Primer Sequence Annealing temperature (°C)
ITSTF CTTGGTCATTTAGAGGAAGTAA 60

ITS4R TCCTCCGCTTATTGATATGC

NL1 GCATATCAATAAGCGGAGGAAAAG 65

NL4 GGTCCGTGTTTCAAGACGG

EF1a-F CATCGAGAAGTTCGAGAAGG 60

EF1a-R AACTTGCAGGCAATGTGG

bTUB-F GGTAACCAAATCGGTGCTGCTTTC 65

bTUB-R ACCCTCAGTGTAGTGACCCTTGGC

sisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF MS). The isolates
were prepared in sterile saline with concentrations
adjusted to 1 McFarland, using 24-hour cultures
on Sabouraud dextrose agar (SDA). Serial 1:10 di-
lutions were prepared, and cell counts were deter-
mined using Thoma slides. Standard blood samples
were prepared by mixing Candida dilutions with
ethylenediaminetetraacetic acid (EDTA) blood sam-
ples, producing concentrations of 10,000, 1000, 100,
and 10 cells per mL.

Blood samples were mixed with the buffer EL
(erythrocyte lysis buffer) (Qiagen GmbH, Germany)
at a 1:3 ratio, and erythrocytes were lysed by gentle
shaking for five minutes at room temperature. Cell
debris was removed by centrifugation at 14,000 rpm
for two minutes, and the pellet was washed with
1 mL of DNase/RNase-free water, resuspended in
400 pL of resuspension buffer, and extracted using
a commercial kit (Ribospin, GeneAll Biotechnology
Co., Ltd., South Korea).

Mustafayev K et al.

DNA extraction involved incubation at 65°C for 15
minutes, followed by lysis at 90°C for 10 minutes, ac-
cording to the manufacturer’s instructions. Candida
DNA was then detected using the EvaGreen-based
real-time PCR targeting the ITS, D1/D2, EFla, and
tubulin regions. Primer pairs for the real-time PCR
assays are detailed in Table 2. Real-time PCR was
performed using a CFX96 Touch Real-Time PCR De-
tection System (BioRad Laboratories Inc., USA).

Melting Curve Analysis

Post-amplification, melting curve analysis was used
to assess the specificity of the amplicons, focusing
on the ITS and D1/D2 gene regions. This analysis
distinguished different Candida species based on
their unique DNA melting points.

Definitions

Candidemia was defined as a bloodstream infection
caused by Candida species, diagnosed by positive
blood culture.
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Table 3. Risk factors for candidemia according to case and control groups.

Control Case
n (%) Median n (%) Median
Age, median+SD 60.0+15.2 62.5 61.4+17.9 64.0 0.436 m
Female 22 (44) 23 (46)
Gender - - 0.841 X2
Male 28 (56) 27 (54)

SOFA, median+SD 9.5+4.7 10.5 9.0+4.0 10.0 0.478 m
qSOFA, median+SD 2.2+0.7 2.0 2.6+0.7 3.0 0.007 m
Candida score, median+SD 2.2+1.3 2.0 3.9+1.0 4.0 0.000 m
CRP, median+SD 151.4£99.5 1453 201.9+£92.2 176.0 0.010 t
Procalcitonin, median+SD 4.4+15.3 0.0 21.9+65.5 0.9 0.025 m
Fever, median+SD 36.9+1.2 36.0 37.0+1.7 38.0 0.935 m
Immunosuppressive drugs 11(22) 19 (38) 0.081 X2
Malignancy 15 (30) 22 (44) 0.147 X2
Sepsis 39 (78) 49 (98) 0.002 X2
Hospitalization in last 3 months 30 (60) 48 (96) 0.000 X2
Decubitus 23 (46) 14 (28) 0.062 X2
Ventilator-associated pneumonia 2(4) 3(6) 0.646 X2
Urinary tract infection 4(8) - 3(6) - 0.695 X2
Intraabdominal infection 7 (14) 23 (46) 0.000 X2
Total parenteral nutrition 23 (46) 29 (58) 0.230 X2
Major surgery 27 (54) 31(62) 0.418 X2
Transplantation 2(4) 0(0) 0.495 X2
Antibiotic use for more than a week 36 (72) 48 (96) 0.001 X2
Mechanical ventilation 44 (88) 47 (94) 0.295 X2
Comorbidity

Hypertension 19 (38) 16 (32) 0.529 X2
Diabetes mellitus 11 (22) 12 (24) 0.812 X2
Lung disease 8(16) 16 (32) 0.061 X2
Heart disease 13 (26) 19 (38) 0.198 X2
Acute kidney injury 15 (30) 31(62) 0.001 X2
Chronic renal failure 10 (20) 6(12) 0.275 X2
Chronic liver disease 2(4) 1(2) 1.000 X2
Nasogastric tube 36 (72) 35 (70) 0.826 X2
Thorax tube 12 (24) 20 (40) 0.086 X2
Abdominal drain 15 (30) 22 (44) 0.147 X2
Nephrostomy 2(4) 1(2) 1.000 X2
Pericardial tube 0(0) i 49 i 0.041 X2
Intra-aortic balloon pump 0(0) 1(2) 1.000 X2
Peripheral venous catheter 50 (100) 13 (26) 0.000 X2
Peripheral arterial catheter 37 (74) 23 (46) 0.004 X2
Urinary catheter 48 (96) 50 (100) 0.495 X2
Central venous catheter 39 (78) 50 (100) 0.000 X2
Colonization 5(10) 45 (90) 0.000 X2
PEG 2 (4) 8(16) 0.046 X2
Colostomy 7 (14) 14 (28) 0.086 X2
Tracheostomy 8(16) 15 (30) 0.096 X2
CRRT 27 (54) 7(14) 0.000 X2
Length of stay in ICU, median+SD 22.2+19.0 17.5 29.4+27.1 17.5 0.145 m
Death 28 (56) - 42 (84) - 0.002 X2

CRRT: Continuous renal replacement therapy, ICU: Intensive care unit, PEG: Percutaneous endoscopic gastrostomy, QSOFA: Quick sequential organ failure assessment,

CRP: C-reactive protein, SD: Standard deviation
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Table 4. Univariate and multivariate logistic regression analysis for independent risk factors of candidemia.

Univariate analysis Multivariate regression analysis

Variables

OR 95% Cl p OR 95% Cl p
qSOFA 2.09 1.15-3.81 0.015 - - -
Candida score 3.37 2.10-5.40 0.000 9.50 3.33-27.05 0.000
CRP 1.01 1.00-1.01 0.013 - - -
Procalcitonin 1.03 1.00-1.06 0.041 - - -
Sepsis 13.82 1.71-111.72 0.014 - - -
Hospitalization in last 3 months 16.00 3.49-73.41 0.000 13.06 2.10-81.28 0.006
Intraabdominal infection 5.23 1.98-13.85 0.001 - - -
Antibiotic use (>1 week) 9.33 1.99-43.68 0.005 - - -
Acute kidney injury 0.26 0.11-0.60 0.002 0.10 0.02-0.50 0.005
Colonization* 81.00 21.93-299.19 0.000 -
PEG 4.57 0.92-22.73 0.063 -
CRRT 0.14 0.05-0.37 0.000 -

qSOFA: Quick sequential organ failure assessment, CRP: C-reactive protein, CRRT: Continuous renal replacement therapy, PEG: Percutaneous

endoscopic gastrostomy, OR: Odds ratio, Cl: Confidence interval.

The classical Candida score was modified by replac-
ing the multifocal Candida colonization criterion
with Candida growth in non-blood specimens. In
this modified Candida score, 1 point was assigned
for Candida growth in any non-blood sample, 1
point for surgical intervention, 1 point for TPN ad-
ministration, and 2 points for severe sepsis.

Cerrahpasa Candida score is defined as a clinical
scoring system designed to predict the risk of can-
didemia in ICU patients. It assigned 1 point for each
of the following criteria: a modified Candida score
greater than 3, the presence of intra-abdominal
infection, AKI requiring continuous renal replace-
ment therapy (CRRT) or hemodialysis, antibiotic
use for more than seven days, and a history of hos-
pitalization within the past three months (Table 1).

The detection limit was defined as the lowest quan-
tity of fungal cells reliably detected by the PCR as-
say, set at 10 CFU/mL in this study.

Statistical Analysis
Descriptive statistics were used to summarize the
data, including mean, standard deviation, median,

minimum, maximum, frequency, and ratio values.
The distribution of variables was assessed using
the Kolmogorov-Smirnov test. Quantitative inde-
pendent data were analyzed using the independent
sample t-test and the Mann-Whitney U test. For
qualitative independent data, the Chi-square test
was employed, and the Fisher’s exact test was used
when the conditions for the Chi-square test were
not met. The effect levels were examined through
univariate and multivariate logistic regression
analysis. The statistical analyses were performed
using the Statistical Package for Social Sciences
(SPSS) 26.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Retrospective Case-Control Study

Between January 2017 and December 2018, a ret-
rospective analysis was conducted on 100 ICU pa-
tients, including 50 patients with candidemia (cas-
es) and 50 patients without candidemia (controls).
The median age of these patients was 63 years (in-
terquartile range [IQR]=19-96 years). Among them,
70 were in the general ICU, 22 in the emergency ICU,
and 8 in the cardiovascular surgery ICU. The mor-
tality rate in this group was 70%.

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.
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Figure 1. Distribution of Candida species detected in blood cultures (%). (A) Retrospective analysis and

(B) Prospective analysis.

In 50 cases of ICU candidemia, the distribution of
Candida species was as follows: C. parapsilosis in 58%
(29 patients), C. albicans in 24% (12 patients), Candi-
da glabrata in 14% (7 patients), Candida tropicalis in
2% (1 patient), and Candida guilliermondii in 2% (1 pa-
tient). Notably, non-albicans Candida species were
more prevalent, representing 76% of the cases, as
shown in Figure 1A.

Among the 50 candidemia cases, 49 patients (98%)
had sepsis, 48 (96%) had a history of hospitalization
in the last three months, 48 (96%) had used antibi-
otics for more than one week, 31 (62%) had under-
gone major surgery, 29 (58%) were on TPN, and 23
(46%) had intra-abdominal infections.

When comparing the case and control groups, the
case group had significantly higher rates of sepsis,
hospitalization in the last three months, elevated
CRP and procalcitonin levels, prolonged antibiotic
use (over one week), AKI, CVC use, pericardial tube
placement, percutaneous endoscopic gastrostomy
(PEG) rate, colonization, and mortality (p<0.05) (Ta-
ble 3).

In the univariate analysis, quick Sequential Organ
Failure Assessment (qSOFA), “modified Candida
score,” CRP, procalcitonin, sepsis, recent hospital-
ization (within the last three months), history of in-
tra-abdominal infection, prolonged antibiotic use,
AKI, peripheral venous catheter use, colonization,
PEG, and CRRT significantly differentiated between

Mustafayev K et al.

case and control groups (p<0.05) (Table 4). In the
multivariate reduced model, the “modified Candida
score,” hospitalization within the last three months,
and AKI were identified as significant independent
predictors of candidemia (p<0.05) (Table 4).

Prospective Cross-Sectional Study

Between December 1, 2020, and January 10, 2021, 75
ICU patients who had been hospitalized for more
than 72 hours were prospectively monitored. The
median age in this group was 68 years (IQR=35-97
years). Of these patients, 53 were in the general ICU,
11 in the emergency ICU, and 11 in the neurosur-
gery ICU. The mortality rate was 57.3%, with a me-
dian follow-up period of 9.1 days (IQR=4-37 days).

Four cases of candidemia were observed among the
75 ICU patients. The distribution of Candida species
in these cases was as follows: C. parapsilosis in 50%
(2 patients), C. albicans in 25% (1 patient), C. glabra-
ta in 25% (1 patient). Notably, non-albicans Candida
species were more prevalent, accounting for 75% of
the cases, as shown in Figure 1B.

A Candida scoring system specific to our hospital
was developed using risk factors identified in lo-
gistic regression analysis, such as intra-abdominal
infection and antibiotic use for over seven days,
frequently observed in ICU candidemia cases. The
Candida score was modified to include the detec-
tion of Candida growth in any non-blood sample as
1 point, severe sepsis as 2 points, surgery as 1 point,
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Table 5. Cerrahpasa Candida score and the number of
candidemia cases in the prospective cohort.

Cerrahpasa Candida score Candidemia / Cases
0 0/10

1 0/17

2 0/20

3 1/20

4 3/7

5 0/1

Total 4/75

and TPN administration as 1 point. The “Cerrah-
pasa Candida score” and the number of candidemia
cases are presented in Table 5.

During prospective follow-up, no invasive candidia-
sis was detected in patients with a Cerrahpaga Can-
dida score below 3 points. A score of 4 or above was
determined to indicate a significant risk for candi-
demia, with a statistically significant correlation
between the Cerrahpasa Candida score and candi-
demia (Fisher’s exact p<0.05). The risk of develop-
ing candidemia was shown to be 40.2 times higher
in patients with a Cerrahpaga Candida score of 4 or
above. The sensitivity and specificity of the Cerrah-
pasa Candida score for >4 points were 75% and 93%,
respectively. The negative predictive value (NPV)
and positive predictive value (PPV) for a score of 4 or
more were 98.53% and 37.5%, respectively (Table 6).

Development of an experimental PCR-based
rapid diagnostic test

The PCR assay was part of the experimental study
and was not used for scoring or clinical diagnostic
evaluation. Specific primer pairs and EvaGreen®
dye (Biotium Inc., USA) were used to differenti-
ate between C. albicans and C. parapsilosis isolates
through melting curve analysis of real-time PCR
amplicons. The PCR test demonstrated a detection
limit of 10 colony-forming units (CFU)/mL. When
examining the real-time PCR amplification curves,
it was observed that the curves for the tubulin and
EFla gene regions were unsuitable for the study
due to non-specific and insufficient amplifications,
requiring further optimization. These amplification

Mustafayev K et al.

curves for tubulin and EFla are shown in Figure 2
(A and B).

Positive amplification was detected in blood sam-
ples containing 1000, 100, and 10 Candida cells with
primers targeting the ITS region, but no amplifica-
tion was detected in blood containing 1 Candida cell.
Thus, the detection limit of the test was determined
to be 10 cells/mL. The specificity of the amplicon
was confirmed by melting curve analysis, as shown
in Figure 2 (C and E).

Similarly, positive amplification was detected in
blood samples containing 1000, 100, and 10 Candida
cells with primers targeting the D1/D2 region, with
no amplification in blood containing 1 Candida cell.
This also established the detection limit at 10 cells/
mL. The specificity of the amplicon was confirmed
by melting curve analysis, as illustrated in Figure 2
(D and F).

The slope of the standard curve, drawn quantita-
tively, was found to be -2.585 for C. albicans with a fit
of 0.960 and a cutoff point of 42.661, and -4.171 for
C. parapsilosis with a fit of 0.965 and a cutoff point of
42.276. The amplification curves for samples con-
taining 1000, 100, 10, and 1 Candida cells, along with
the standard curve, are presented in Figure 2 (G and
H).

The slope of the standard curve, drawn quantita-
tively, was found to be -3.884 for C. albicans with a fit
of 1.000 and a cutoff point of 46.575, and -4.936 for
C. parapsilosis with a fit of 0.986 and a cutoff point
of 43.319. Figure 2 shows the amplification curves
for samples containing 1000, 100, 10, and 1 Candida
cells, along with the standard curve.

DISCUSSION

Candidemia, a critical condition prevalent in ICUs,
remains a significant cause of morbidity and mor-
tality (4, 5). This study highlights the challenges
and advancements in diagnosing and managing
candidemia. Our findings suggest that candidemia
is common among ICU patients, with a high prev-
alence of Candida colonization and a significant
mortality rate. We identified several key risk factors
for candidemia, including sepsis, intra-abdominal
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infections, hospitalization within the last three
months, prolonged antibiotic use (>1 week), Candi-
da colonization, PEG, CVC, and AKI. These findings
are consistent with established risk factors in the
literature and underscore the importance of closely
monitoring high-risk ICU patients (1, 7, 9, 16).

In this study, we observed a notable shift in the dis-
tribution of Candida species among ICU patients,
with C. parapsilosis being the predominant isolate
(58%), followed by C. albicans (24%). This shift re-
flects a broader trend observed in other studies (4,
6), where non-albicans Candida species are becoming
increasingly prevalent. The high incidence of C. para-
psilosis in our study may be related to factors such as
the use of TPN, CVC, recent surgery, and unresolved
intra-abdominal infections in the surgical ICU.

Effective early detection of candidemia is crucial, as
delays in diagnosis and treatment are linked to in-
creased mortality rates. Traditional microbiological
methods often detect candidemia late in the course
of the infection, highlighting the urgent need for Can-
dida scoring systems and more rapid diagnostic tech-
niques (13). In this study, we evaluated the Cerrah-
pasa Candida score, a scoring system designed to as-
sist in early diagnosis and treatment decision-mak-
ing. This score was developed by a multivariate model
using risk factors such as intra-abdominal infection,
antibiotic use for more than 7 days, hospitalization
within the last 3 months, and AKI development. In
the prospective follow-up, no cases of invasive can-
didiasis were detected in patients with a Cerrahpasa
Candida score below 3. Of the eight patients with a
score of 4 or higher, three developed candidemia, un-
derscoring the importance of this score in assessing
candidemia risk. A statistically significant difference
(p<0.05) was observed between the Cerrahpasa Can-
dida score and candidemia.
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Our findings demonstrate that the Cerrahpasa
Candida score, particularly with a cutoff value of 4,
effectively identifies patients at high risk for can-
didemia. The Cerrahpasa Candida score accurately
identified 94% of patients with positive blood cul-
tures as having a score greater than 2.5. Cerrahpasa
Candida score exhibited a high negative predictive
value of 98.53%. This makes the Cerrahpasa Can-
dida score a valuable tool for minimizing unneces-
sary antifungal use and guiding early intervention.

Our findings align with those of Leén et al., who
emphasized the importance of early diagnosis and
treatment in invasive candidiasis (14). They found
that a Candida score greater than 2.5 was associat-
ed with an 81% sensitivity and 74% specificity for
predicting infection. In our study, the Cerrahpasa
Candida score at a cutoff of 4 showed a sensitivity
of 75% and a specificity of 93%, further supporting
the use of such scoring systems to guide early in-
tervention and improve patient outcomes. Major
guidelines support using Candida scoring systems
for early diagnosis and prompt initiation of antifun-
gal therapy (13, 17-20).

A prospective study by Ledn et al. in 2009 found a
statistically significant association between inva-
sive candidiasis and Candida score, similar to our
findings (21). Their 2006 study (14) reported a sen-
sitivity and specificity of 81% and 74%, respective-
ly, for a Candida score cutoff of 2.5 points, with the
risk of invasive candidiasis being 7.75 times high-
er in patients with a Candida score >2.5 points. In
our study, the Cerrahpasa Candida score cutoff of
4 had a sensitivity of 75% and a specificity of 93%,
with the risk of invasive candidiasis being 40.2
times higher for those with a score of 4 or higher
(Table 6).

Table 6. Candidemia risk in ICU patients with a Cerrahpasa Candida score of 4 or higher in the prospective cohort.

Cerrahpasa Candidemia (-) | Candidemia (+) OR Sensitivity Specificity 5 5
Candida score n (%) n (%) . (@5%Cl) | (95%Cl) | (95%Cl) A2 20) AP
< 663 1(29) 0.003 40.2 75.0 93.06 375 08,53
-4 5(7) 379) (3.5-460.7) | (19.4-99.4) | (84.5-97.7)

ICU: Intensive care unit, PPV: Positive predictive value, NPV: Negative predictive value, OR: Odds ratio, Cl: Confidence interval.
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Our study also addressed the limitations of conven-
tional blood cultures, which often require several
days to yield results and can delay the initiation of
appropriate treatment. The delay in diagnosis and
treatment is associated with higher mortality rates,
underscoring the need for more rapid diagnostic
methods. Empirical antifungal therapy is common-
ly initiated in ICU patients with suspected invasive
candidiasis to reduce mortality. However, the over-
use of antifungal drugs is a concern, making the de-
velopment of reliable bedside scoring systems and
early diagnostic tests crucial. Despite the growing
use of biomarkers such as mannan, anti-mannan,
and 1,3-B-D-glucan, PCR remains a promising tool
for early diagnosis and treatment (11).

To address this, we developed a single Eva-
Green-based real-time PCR test for the rapid detec-
tion of Candida species in blood samples. Although
the test achieved a detection limit of 10 CFU/mL,
it was not effective in detecting very low fungal
burdens (1 Candida cell). The use of whole blood
samples for PCR testing enhanced the method’s
specificity, as it allows for the detection of intact
Candida cells, which is advantageous compared to
serum or plasma samples. This approach improves
the accuracy of the PCR test, especially in patients
undergoing antifungal therapy, although interpret-
ing positive results can still be challenging.

Additionally, our PCR approach targeted the ITS
and D1/D2 regions of the fungal ribosomal DNA
(rDNA), which are widely recognized for their utili-
ty in identifying and distinguishing between differ-
ent Candida species (22). The ITS region is known
for its high variability among species, making it a
valuable marker for species-level identification
(22). Meanwhile, the D1/D2 domains of the large
subunit rDNA are more conserved but still provide
sufficient variation to differentiate closely related
species. By targeting both ITS and D1/D2 regions,
our PCR assay enhances species-specific detection,
contributing to more accurate and timely diagnosis,
especially in cases where rapid identification is cru-
cial for guiding antifungal therapy.

In other studies, similar to our research, melting
curve analysis of ITS sequences was performed,
and each amplicon was found to have a specific
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melting point (23, 24). This molecular method could
serve as a potential diagnostic tool for the rapid
detection of Candida species, facilitating early and
targeted treatment for patients with invasive can-
didiasis.

Our findings align with previous research that uti-
lized real-time PCR and melting curve analysis to
detect invasive yeast species, establishing specific
melting points for each amplicon (24, 25). However,
our test’s detection limit of 10 CFU/mL is higher than
those reported by some other studies. For instance,
while one study acknowledged a detection limit of
10 CFU/mL as adequate (26), others have reported
lower limits, such as 5 CFU/mL, which are consid-
ered more representative of fungal sepsis conditions
(27, 28). This discrepancy highlights the variability in
sensitivity among different testing methods.

Several limitations of our study should be noted.
First, our reliance on blood cultures as the defini-
tive diagnostic criterion may not fully capture all
cases of candidemia due to their delayed detection
capabilities. Second, the study did not include se-
rological testing due to issues with standardization
and economic constraints. These factors may im-
pact the overall diagnostic accuracy and general-
izability of our findings. Third, the detection limit
of the PCR test at 10 CFU/mL restricts its ability to
identify very low fungal burdens. Fourth, the on-
going COVID-19 pandemic has influenced patient
demographics, treatment practices, and hospital
workflows, which may have affected the prevalence
and outcomes of candidemia during the study peri-
od. Fifth, our focus on C. albicans and C. parapsilosis
in our PCR assay, due to their high prevalence in
both our study and other studies from Turkey, may
limit the comprehensiveness of our findings by ex-
cluding other significant species, such as C. glabrata
and C. tropicalis. Nonetheless, although we did not
conduct a cost analysis, the Cerrahpasa Candida
score and PCR test developed in this study offer a
more financially accessible alternative to existing
rapid diagnostic options like the T2 Candida panel,
which costs over 200 USD per test and makes it less
accessible in low- to middle-income countries (17,
29). Our methods are easy to perform and appear
to be beneficial for the early detection of candi-
demia, especially in resource-limited settings (30).
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In conclusion, the increasing prevalence of non-al-
bicans Candida species and the identification of key
risk factors for candidemia emphasize the need for
improved diagnostic and therapeutic strategies in
the ICU setting. The Cerrahpasa Candida score and
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the developed PCR test offer promising approach-
es for early detection and management of candi-
demia. Further multicenter studies with larger pa-
tient populations are needed to validate these find-
ings and refine diagnostic and treatment protocols.
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