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Abstract

The roles of CRP, PCT, serum amyloid A (SAA), and cytokines in the diagnosis of fungal
infections have not yet been clearly demonstrated. This study aims to measure the serum
levels of interleukin (IL)-23, IL-17, IL-1β, tumor necrosis factor (TNF)-α, IL-10, transforming
growth factor (TGF)-β, C-reactive protein (CRP), procalcitonin (PCT), and serum amyloid
A (SAA) in cases of candidemia and to compare them with those observed in cases of
bacteremia.
For this purpose, the serum cytokine levels from 50 patients with candidemia were com-
pared with those of 14 patients with polymicrobial sepsis, 30 patients with bacteremia,
and 27 healthy control subjects. The cytokine levels were studied using sandwich ELISAs
according to the manufacturer protocol.
The serum levels of TGF-β, IL-23, and IL-17 were found to be significantly higher in the
candidemia group in comparison with the samples from those with bacteremia and
healthy controls. The PCT and SAA levels were higher in samples from the group with

258 C© The Author 2015. Published by Oxford University Press on behalf of The International Society for Human and Animal
Mycology. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com

D
ow

nloaded from
 https://academ

ic.oup.com
/m

m
y/article/53/3/258/2579529 by U

niversity of Bahrain user on 20 O
ctober 2023

mailto:halis@uludag.edu.tr


Akin et al. 259

bacteremia those from individuals with candidemia and the healthy control group. As-
suming an IL-17 level threshold of >38.79 pg/ml, the sensitivity and specificity were 38%
and 96.6%, respectively but considering an IL-23 threshold of >59.97 pg/ml, the sensitivity
and specificity values were found to be 72% and 60%, respectively. The sensitivity and the
specificity of the TGF-ß levels were found to be 85.71% and 53.33%, respectively, when
the TGF-ß threshold is >560 pg/ml. PCT and SAA demonstrated a superior performance
for the differentiation of candidemia and bacteremia.
Our study demonstrates that IL-17, IL-23, TGF-ß, PCT, and SAA levels could be a diagnostic
marker for candidemia

Key words: candidemia, IL-17, IL-23, PCT, sepsis.

Introduction

In the last 25 years, the incidences of fungal infections have
dramatically increased, for example, 19% of the infections
documented in the intensive care units (ICU) were caused by
fungi. More than 80% of the fungi that cause nosocomial
infections are Candida species [1–3].

Based on the data obtained from the National Nosoco-
mial Infections Surveillance (NNIS), USA, a 1.8–5.9-fold
increase was detected in bloodstream infections caused by
the Candida species between 1980 and 1990 depending on
the hospital type. Another analysis of the data obtained
within the same period revealed that the Candida species
accounted for 85.6% of all nosocomial fungal infections
[4–6].

In a more recent study, the mortality rate observed in
adults attributed to candidemia was found to be 14.5% [7]
and mortality in cases of invasive candidiasis may reach
40–50% [8].

Because delayed administration of the antifungal therapy
is associated with an increase in mortality, early diagnosis
and therapy is crucial for preventing invasive candidiasis
[9–11].

There are no clinical characteristics that differenti-
ates candidemia and bacteremia, but several studies have
shown that C-reactive protein (CRP) and procalcitonin
(PCT) had acceptable sensitivity in the diagnosis of the
bacterial sepsis [12–15]. However, the roles of CRP,
PCT, serum amyloid A (SAA), and cytokines in the di-
agnosis of fungal infections have not yet been clearly
demonstrated.

This study aims to measure the serum levels of
transforming growth factor (TGF)-β, interleukin (IL)-1β,
IL-23, IL-17, IL-10, tumor necrosis factor (TNF)-α,
CRP, PCT, and SAA in cases of candidemia and to
compare them with those observed in the cases of
bacteremia.

Materials and methods

Patients

A total of 64 patients with candidemia, including 50
patients with blood cultures that yielded Candida spp.
alone and 14 patients in which bacteria and Candida spp.
(polymicrobial sepsis group) were obtained in blood cul-
tures, were studied in adult clinics of the Uludag University,
Health Sciences Center between May 1, 2011, and February
28, 2013.

Thirty patients with bacteremia and 27 patients with-
out any infections (20 healthy people without comor-
bidity who had been admitted to the center for blood
transfusions as donor candidates and 7 people who had
been hospitalized for elective surgery) were enrolled in
the study to complete the comparative model. Venous
blood samples obtained from patients and healthy con-
trol subjects were stored at −80◦C until they were
used in enzyme-linked immunosorbent assay (ELISA)
analysis.

To determine the degree of the underlying disease,
the patients from the wards were evaluated using the
Charlson comorbidity index, and the severity of acute
disease was evaluated using the Acute Physiology and
Chronic Health Evaluation II (APACHE II) in ICU
patients [16,17].

The definitions of nosocomial infections were estab-
lished according to the definitions provided by the Center
for Disease Control and Prevention (CDC) [18].

The mortality rates observed within the first 28
days after the development of candidemia were
calculated.

The study was approved by Uludag University, Faculty
of Medicine, Ethics Board, and all patients and control sub-
jects enrolled in the study were informed about the study
and provided their consent.
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Blood Culture Procedure

Two or three blood samples for culture were taken from the
patients based on the suspicion of sepsis as defined by the
clinician with intervals of 5 to 30 min via different veins.

BACTEC PLUS (+) Aerobic/F (BD, Sparks, MD, ABD)
blood culture bottles were used, which were each inoculated
with 8–10 ml of blood.

Bacterial isolation from blood cultures was conducted in
the Bacteriology Laboratory, Faculty of Medicine, Uludag
University (BACTEC 9240 Becton Dickinson, INC, Sparks,
MD, blood culture system).

Isolation and Characterization of the Candida
Species

The yeasts obtained in pure cultures were identified to
species using germination assays, the microscopic mor-
phology on cornstarch-Tween 80 agar, the color of the
colony in chromogenic broth, and the API-32C system kit
(Bio-Merieux, France).

Measurement of the Serum Cytokine Levels

The serum cytokine levels were measured using an ELISA
(human TGF-β1, Boster Immunoleader R©; human IL-
23, Omni Kine R©; human IL-17, Boster Immunoleader R©;
human TNF-α, Assay Max R©; human IL-1 β, Boster
Immunoleader R©; human IL-10, Boster Immunoleader). The
cytokine levels were measured following the manufacturers’
instructions, for which the detection limits were 15.6–1000
pg/ml for TGF-β1, 63–8000 pg/ml for IL-23, 31.2–2000
pg/ml for IL-17, 0.015 ng/ml for TNF-α, 3.9–250 pg/ml
for IL-1 β, and 3.4–250 pg/ml for IL-10. Values below the
detection limits were evaluated as zero.

Measurement of CRP, Serum Amyloid A (SAA),
and PCT Levels

In patients and in the control group, the CRP and SAA levels
were measured using the nephelometric method (Siemens
BNII, Cardiophase, Germany), and the PCT levels were
evaluated using an ELISA kit (BRAHMS PCT) on the VI-
DAS device (Bio Mérieux).

Statistical Analysis

In the study, continuous variables were expressed as the me-
dian (minimum-maximum), and categorical variables were
expressed as the frequency and the corresponding percent-
age value. Intergroup comparisons of the continuous vari-

ables were performed using Kruskal Wallis and the Mann–
Whitney U test, and intergroup comparisons of the categor-
ical variables were performed using the Pearson chi-square
test, Fisher’s Exact Chi-Square test, and Fisher-Freeman-
Halton Exact test. In order to determine the cut-off value
for cytokine serum levels, an ROC analysis was performed
and an area under the curve (AUC), relevant sensitivity,
and specificity values were calculated. The relationship be-
tween the continuous variables was examined using a Spear-
man correlation coefficient. In this study, analyses were
performed using SPSS v. 20 software, and P < 0.05 was
considered to be statistically significant.

Results

The study included 37 female (39.30%) and 57 male
(60.70%) subjects, whereas there were 5 women and 22
male control subjects. The median age was 60 (19–81) years
of those in the candidemia group, 60 (24–92) years for
individuals in the bacteremia group, 63 (18–87) years in
the polymicrobial sepsis group, and 36 (20–79) years for
the members in the healthy control group. The age was
higher in the candidemia and bacteremia groups in com-
parison with the healthy control group (P < 0.001 for both
comparisons).

Eleven of the 50 patients with candidemia, 11 of the
30 patients with bacteremia, and 8 of the 14 patients with
polymicrobial sepsis died within the first 28 days of the
study. The 28-day mortality was higher in patients with
polymicrobial sepsis in comparison with the candidemia
patients (P = 0.019). The demographic characteristics of
the groups are summarized in Table 1.

For the patients with candidemia (2 patients had two
different species of Candida in the same blood culture) who
were enrolled in the study, C. albicans (n = 20) was the
most common etiologic agent, followed by C. parapsilosis
(n = 12), C. glabrata (n = 10), C. tropicalis (n = 6), C.
keyfr (n = 3), and C. dubliniensis (n = 1).

For the patients with bacterial sepsis who were enrolled
in the study, the most common isolated bacteria was Acine-
tobacter baumannii (n = 11) and of the 36 microorganisms
isolated from the 30 patients, 19 were gram-negative bac-
teria, and 17 were gram-positive bacteria.

We found that the SAA levels were significantly higher
in the bacterial sepsis group than those in the candidemia
group and the healthy control group (P = 0.007 and
P < 0.001, respectively; Tables 2 and 3, Fig. 1).

While no significant differences were found among the
groups in terms of CRP levels, the PCT levels were signifi-
cantly greater in the bacterial sepsis group and the polymi-
crobial sepsis group in comparison with samples from the

D
ow

nloaded from
 https://academ

ic.oup.com
/m

m
y/article/53/3/258/2579529 by U

niversity of Bahrain user on 20 O
ctober 2023



Akin et al. 261

Table 1. Demographic characteristics of patients and control group∗.

Candidemia (n = 50) Bacteremia (n = 30) Polymicrobial (n = 14) Healthy controls (n = 27)

Patients 50(41) 30(25) 14(12) 27(22)
Female 25(50) 6(20) 6(43) 5(19)
Male 25(50) 24(80) 8(57) 22(82)
Age 60 (19–81) 60 (24–92) 63 (19–87) 36 (20–79)
Mortality at 28th day 11(22) 11(36.70) 8(57.10) –
Clinic in which the patients is
hospitalized/ICU

22(44) 27(90) 9(64.30) –

Clinic in which the patients is
hospitalized/ Internal wards

16(32) 3(10) 4(29) –

Clinic in which the patients is
hospitalized/ Surgical wards

12(24) 0(0) 1(7.10) –

Duration of hospital stay until
the occurrence of septic
episode (range)

17.50 (2–98) 11 (1–95) 17.50 (2–173) –

Time to serum sample
collection(days)∗∗

3 (1–9) ∗∗∗ 3 (2–8) –

Note. ∗Data were given as median(minimum-maximum) or n (%). ∗∗Time passed from first positive blood culture sampling to the collection of serum sample for
cytokine measurement. ∗∗∗Blood culture and serum sampling were concomitantly performed.

Table 2. Serum cytokine levels in patients and control group.

Candidemia (n = 50) Bacteremia (n = 30) Polymicrobial Sepsis (n = 14) Control (n = 27)

IL-23 (pg/ml) 99.90 (27.30–1593.80) 58.10 (2.90–637.30) 93 (16.9–2202.50) 0(0–6721)
IL-17 (pg/ml) 0 (0–611.60) 0 (0–103.80) 12.40 (0–263.10) 0 (0–157.40)
TNF-α (pg/ml) 0 (0–406) 0 (0–129) 0 (0–261) 0 (0–84)
IL-1β (pg/ml) 12.10 (0–78.50) 9.30 (1.90–60.40) 12.60 (0–59) 4.02 (0–15.60)
IL-10 (pg/ml) 55.07 (14.1–683.08) 46.10 (0–1232.20) 73.80 (7–575.30) 3.7 (0–55.90)
TGF-ß (pg/ml) 900.70 (258.20–2835.10) 552.50(118–2690.70) 829.80 (243.50–1706.60) 744.4 (298.80–1481.20)
SAA (mg/l) 222 (2–997) 419 (8–1240) 209.50 (60–852) 3 (0–128)
PCT (ng/ml) 0 (0–35) 3 (0–109) 7 (0–108) 0 (0)
CRP (mg/dl) 10 (2–20) 12.50 (1–33) 11.50 (2–28) 0 (0–3)

Note, Data are given as median (minimum-maximum).

Table 3. P values obtained from paired comparison of the parameters significant at cytokine levels given in Table 2.

IL-23 IL-17 IL-1β IL-10 TGF-ß SAA PCT

Group1–2∗ 0.034 0.019 0.144 0.385 0.003 0.007 <0.001
Group1–3∗ 0.626 0.768 0.498 0.508 0.408 0.760 0.006
Group1–4∗ <0.001 0.005 <0.001 <0.001 0.014 <0.001 ND∗∗

Group2–3∗ 0.182 0.024 0.668 0.326 0.096 0.078 0.416
Group2–4∗ <0.001 0.330 <0.001 <0.001 0.306 <0.001 ND∗∗

Group3–4∗ <0.001 0.026 0.003 <0.001 0.257 <0.001 ND∗∗

∗Group1–2: Candidemia-Bacteremia, Group1–3: Candidemia-Polymicrobial sepsis, Group1–4: Candidemia-Control, Group2–3: Bacteremia-Polymicrobial sepsis,
Group2–4: Bacteremia-Control
Group3–4: Polymicrobial sepsis-Control, ND: Not done
∗∗As the serum levels were at an undetectable level in the healthy controls, the comparisons with control group could not be done.

candidemia group (P < 0.001 and P = 0.006, respectively;
Tables 2 and 3).

The most interesting result of our investigation was the
significantly higher levels of the Th17 type cytokine, IL-

17, in the serum samples from patients with candidemia in
comparison with samples from patients with bacterial sepsis
and the healthy subjects (Tables 2 and 3) and that IL-17
levels were greater in the polymicrobial sepsis group than
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Figure 1. Serum cytokine levels in patients and control group.

those with bacterial sepsis (P = 0.024). The IL-23 levels
were lower in the healthy control group in comparison with
the bacterial sepsis, candidemia, and polymicrobial sepsis
groups (P < 0.001).

When the proinflammatory cytokine levels were eval-
uated, it found that there were no significant differences
between the study groups (Table 2). Conversely, the levels
of the anti-inflammatory cytokine IL-10 were significantly
elevated in the candidemia, bacterial sepsis, and polymicro-
bial sepsis groups in comparison with the healthy control
group (P < 0.001 for all comparisons).

A statistically significant positive correlation was found
for IL-17, IL-23, and TGF-β levels. Interestingly, the TGF-
β levels were not correlated with any other cytokines,
whereas IL-17 and IL-23 were positively correlated with
most of the tested cytokines and inflammatory mediators
(Table 4).

For cytokines and other inflammatory markers, the cut-
off values for distinguishing between patients with can-
didemia and bacteremia are shown in Table 5. The AUC
for distinguishing between candidemia and bacteremia

using IL-17, IL-23, and TGF-ß were 0.640, 0.642, and
0.702, respectively (P = 0.024, P = 0.022, and P <

0.001, respectively). Using a cut-off level of greater than
38.79 pg/ml for the IL-17 levels yielded sensitivity and
specificity values of 38.0% (95% CI = 24.7–52.8) and
96.6% (95% CI = 82.7–99.4), respectively (Fig. 2A). Cut-
off values higher than 59.97 pg/ml for the IL-23 levels re-
sulted in sensitivity and specificity values of 72.0% (95%
CI = 57.5–83.6) and 60.0% (95% CI = 40.6–77.3), re-
spectively (Fig. 2B). TGF-ß levels greater than 560 pg/ml
resulted in sensitivity and specificity values of 85.7% (95%
CI = 72.7–94.0) and 53.3% (95% CI = 34.3–71.6), re-
spectively (Fig. 2C). In addition to these cytokines, PCT
and SAA demonstrated superior performance in differenti-
ating candidemia and bacteremia patients (data not shown),
conversely, IL-1ß, IL-10, TNF-α, and CRP levels were not
useful to distinguish these two infections (data not shown).

All possible combinations of cytokines and other
biomarkers were evaluated for distinguishing between pa-
tients with candidemia and bacteremia, with the statistically
significant results shown in Table 6.
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Table 4. Correlations between Th17 type cytokines and the other examined cytokines and inflammatory markers in cases

(n = 120).

IL-17 IL-23 TGF
r P r P r P

IL-17 0.345 <0.001 0.208 0.023
IL-23 0.345 <0.001 0.184 0.044
TGF-Beta 0.208 0.023 0.184 0.044
IL-1 0.165 NS 0.456 <0.001 0.050 NS
IL-10 0.392 <0.001 0.486 <0.001 0.134 NS
TNF-Alpha 0.356 <0.001 0.204 0.025 0.014 NS
CRP 0.225 0.014 0.392 <0.001 − 0.116 NS
SAA 0.012 NS 0.301 0.001 − 0.178 NS
PCT 0.231 0.011 0.334 <0.001 0.087 NS

CRP: C-reactive protein, SAA: Serum Amyloid A, PCT: Procalcitonin, r: Spearman correlation coefficient, NS: Not significant.

Table 5. ROC analysis for serum cytokine levels in the patients with candidemia.

Sens.(%) Spec.(%) PPV(%) NPV(%) Cut-off AUC P

PCT (ng/ml) 77.55 63.33 77.60 63.30 ≤ 1 0.733 <0.001
SAA (mg/l) 67.35 66.67 76.70 55.60 ≤ 315 0.681 0.005
IL-17 (pg/ml) 38 96.60 95 48.30 >38.70 0.640 0.024
IL-23 (pg/ml) 72 60 75 56.20 >59.90 0.642 0.022
TGF-β (pg/ml) 85.71 53.33 75 69.60 >560 0.702 <0.001

Sens.: Sensitivity, Spec.: Specificity, PPV: Positive Predictive Value, NPV: Negative Predictive Value, AUC: Area under curve.

Figure 2. Receiver operating characteristics (ROC) curve for serum IL-17 (A) IL-23 (B) and TGF-β (C) levels in patients with candidemia and bacteremia.
Chosen cut-off values for univariate analysis are indicated. This Figure is reproduced in color in the online version of Medical Mycology.

In all cases of sepsis, when the difference of the cytokine
levels were examined among patients who died or those
who survived as of day 28, it was found that the CRP,
PCT, and IL-10 levels were higher in the patients who
died (P = 0.005, P < 0.001, P = 0.033, respectively), and
the IL-23 levels were higher in the survivors (P = 0.043;
Table 7).

Regarding the mortality rate at day 28 for the can-
didemia group, it was found that only the PCT levels were

higher in the patients who died (P = 0.009; data not shown,
supplemental table 1).

After comparing the serum cytokine levels between the
C. albicans and non-C. albicans Candida species in 48 pa-
tients with candidemia (2 patients were excluded from the
analysis due to the growth of two different species of Can-
dida in the same blood culture), only the IL-1β level was
found to be higher in cases caused by C. albicans in compar-
ison with the non-C. albicans Candida species (P = 0.019;
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Table 6. All significant combinations for serum cytokine or inflammatory marker levels in the patients with candidemia.

Combinations p(LR model) Sens.(%) Spec.(%) PPV(%) NPV(%) AUC p(AUC)

PCT∗SAA 0.003 79.59 73.33 83.00 68.70 0.77 <0.001
PCT∗IL-17 0.045 81.63 56.67 75.50 65.40 0.71 <0.001
SAA∗IL-23 0.009 34.69 86.67 81.00 44.80 0.61 0.040
IL-17∗IL-23 <0.001 48.00 86.67 85.70 50.00 0.65 0.001
IL-17∗TGF-β 0.014 85.71 56.67 76.40 70.80 0.71 <0.001
IL∗23∗TGF-β <0.001 36.73 96.67 94.70 48.30 0.64 0.009
SAA∗IL-17∗IL-23 0.003 40.82 90.00 87.00 48.20 0.63 0.020
SAA∗IL-23∗TGF-β 0.001 36.73 93.33 90.00 47.50 0.62 0.038
IL-17∗IL-23∗TGF-β <0.001 51.02 86.67 86.20 52.00 0.70 <0.001
SAA∗IL-17∗IL-23∗TGF-β <0.001 38.78 93.33 90.50 48.30 0.63 0.011

p(LR model): P-value of logistic regression model, p(AUC): P-value of area under ROC curve, Sens.: Sensitivity, Spec.:Specificity, PPV: Positive predictive value,
NPV: Negative predictive value.

Table 7. Serum cytokine levels in the patients with sepsis who died or those who survived at 28th day.

Survived (n = 64) Died (n = 30) P-value

IL-23 (pg/ml) 98.20(2.95–2202.50) 75.73(13.60–266.60) 0.043
IL-17 (pg/ml) 0(0–611.60) 11.30(0–328.9) 0.303
TNF-α (pg/ml) 0(0–406) 0(0–261) 0.416
IL-1β (pg/ml) 11.70(0–78.5) 9.50(0–60.40) 0.207
IL-10 (pg/ml) 51.30(0–683) 80.10(7–1232.20) 0.033
TGF-β (pg/ml) 842.70(243.80–2835) 776.20(118–2569) 0.805
SAA (mg/l) 287(8–997) 264(2–1240) 0.702
PCT (ng/ml) 1(0–38) 3.50(0–109) <0.001
CRP (mg/dL) 10(1–30) 13.50(3–33) 0.005

Note, Data are given as median (minimum-maximum).

data not shown, supplemental table 2). The IL-1β level was
found to be higher in C. albicans cases as compared with
those involving C. glabrata species (P < 0.001).

Of the 50 patients with candidemia, 14 were treated
with antifungal therapy before obtaining a serum sample
for cytokine measurement. When the serum cytokine levels
were compared among patients who received and those who
did not receive antifungals, no significant difference was
detected (data not shown, supplemental table 3).

Discussion

In our study, we investigated whether or not the levels of the
acute phase proteins and proinflammatory cytokines would
be useful for the diagnosis of candidemia.

As supported by the meta-analyses of relevant studies
that have been collectively reviewed, the CRP and procal-
citonin levels may be useful in the differential diagnosis of
sepsis-SIRS in patients presenting systemic inflammatory re-
sponse syndrome [19–22]. Another meta-analysis showed
that PCT was more useful for the differential diagnosis of
sepsis-SIRS compared than CRP [23]. It has been found

that the serum CRP levels were lower in patients with can-
didemia than those with bacteremia [12, 24–26]. The role
of the CRP and PCT serum levels in the diagnosis and prog-
nosis of the invasive candida infections has not been fully
explored or described in the literature.

In our study, we could not find any difference among
patients with candidemia, bacteremia, and polymicrobial
sepsis in terms of CRP levels. This may be attributed to
the heterogeneity of the patients enrolled in the study and
to the critically nature of the illness of some patients who
formed a substantial part of the patients enrolled in our
investigation.

Lower PCT levels were reported in the candidemia group
of patients in comparison with the bacteremia group, with
the sensitivity found to be between 60% and 100%, and
the specificity between 69% and 100% with different cut-
off values varying between 0.5–8.06 ng/ml [12, 24–26].
In our study, we found that the PCT levels were lower in
the candidemia group compared with the bacteremia and
polymicrobial sepsis groups. In the cases of candidemia,
a PCT threshold value as ≤ 1 ng/ml was found to have
a sensitivity of 77.6%, a specificity of 63.3%, a positive
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predictive value of 77.6%, and a negative predictive value
of 63.3% in differentiating from patients with bacteremia.

In the study performed by Fu et al., different threshold
values of 2.12 and 8.06 were obtained for gram-positive and
gram-negative bacteria, respectively [26]. As this differen-
tiation cannot be made in our and in studies, the threshold
values could have been affected. The differences among pa-
tient groups included in the study may have affected the
threshold values [12,24,25].

In one study, the PCT levels were found to be signifi-
cantly higher in gram-negative bacteremia compared with
the same form of infections caused by gram-positive bac-
teria [27]. Furthermore, the PCT levels are lower in sepsis
attacks that occur after the first sepsis attack [28].

In a previous study on patients with invasive fungal in-
fections, it was demonstrated that the PCT levels tended to
increase between the first day and the tenth day, that PCT
and CRP levels at the first and third days were significantly
lower compared with those with bacterial infections, and
that the difference lost its significance at the fifth and tenth
day [24]. In our study, unlike other studies, samples for
PCT levels could not be collected concomitantly with the
blood cultures, but the samples were collected a median of
3 days after the initial blood cultures, which were the basis
for the candidemia diagnosis. Despite this difference, our
study revealed lower PCT levels in the cases of candidemia.

Like CRP, SAA is an acute phase protein. Although it
seems to have the same value as CRP, it was reported to
be more sensitive in neonatal sepsis compared with CRP
and PCT. Furthermore, another study conducted on late
neonatal sepsis demonstrated a higher value for CRP [29–
31]. We encountered only one study that addressed the
role of SAA in the differentiation of adult invasive fungal
infections from bacterial sepsis.

Although the SAA levels were higher in the cases of can-
didemia in the study conducted by Fu et al., no difference in
terms of SAA levels was detected between bacterial sepsis
and candidemia [26].

In our study, we found that the SAA levels were higher
in the bacterial sepsis group compared with the candidemia
group and the healthy control group. The fact that the col-
lection of serum samples from the patients with candidemia
was delayed by a median of 3 days compared with the blood
cultures may explain the low SAA levels in our patients with
candidemia to some extant; however, the SAA levels were
not different between the bacteremia group and the polymi-
crobial sepsis group in which the time of collection for the
blood culture was not different from that observed in can-
didemia group.

During candida infections, pattern-recognition receptors
located on the surfaces of the professional phagocytes, es-

pecially Dectin-1, recognize both mannans and mannopro-
teins of the fungus as well as the other structures on the
fungus, such as beta-glucan and chitin. The cytokines re-
leased vary by the pattern that is recognized and by the
pattern-recognition receptor. While the releases of TNF-α,
IL-6, IL-12, and IL-1β are stimulated via several pathways,
the secretion of IL-23 and IL-17 depend on the stimulation
by IL-23 rather than through lectin receptors. Th17 cells
secrete special cytokines, including IL-17A (IL-17), IL-17F,
IL-21, and IL-22. The cytokines IL-1β, IL-6, and TGF-β
induce the development of Th17 cells, while IL-23 is an es-
sential cytokine for the maintenance of Th17 cells [32]. Our
study demonstrates that the level of the Th17 type cytokine
IL-17 is elevated in the serum samples of the patients with
candidemia in comparison with both patients with bacterial
sepsis and the healthy control subjects. Among the above
mentioned cytokines, the serum TGF-β and IL-23 levels
were found to be increased and to be able to differenti-
ate the patients with candidemia from both the patients
with bacteremia and the healthy control subjects, whereas
the IL1-β levels were only higher in comparison with the
healthy control subjects. The protective role of Th17 re-
sponses in the antifungal host defense was first established
in IL-17 receptor-deficient (IL-17RA) mice that showed
increased susceptibility to a disseminated C. albicans in-
fection [33]. Another similar study demonstrated that IL-
17RA mice showed increased mortality and higher fungal
loads in the kidneys in a model of disseminated candidiasis,
which was partially caused by a lower neutrophil recruit-
ment in the IL-17RA mice [34]; however, in one study of
IL-17RA mice, it was suggested that IL-22 mediates protec-
tion, whereas IL-17A contributes to disease susceptibility
[35].

In addition, an oropharyngeal candidiasis model in mice
showed that an IL-23p19 or IL-17 deficiency led to se-
vere oropharyngeal candidiasis, whereas it did not cause
severe oropharyngeal candidiasis in IL-12p35 knock-out
mice (a model for investigating IL-12 response) [36]. In
addition, patients with impaired Candida-specific Th17
responses, such as patients with hyper immunoglobulin
E (IgE) syndrome or chronic mucocutaneous candidiasis
(CMC), are highly susceptibility to mucosal C. albicans in-
fections [37,38]. All of these observations strongly indicate
that Th17 responses are important for not only systemic
but also mucosal host defenses against candida infections
in humans.

Our results show that IL-17, IL-23, and TGF-β serum
levels were significantly increased in candidemia when com-
pared with bacteremia. Conversely, the specificity of IL-
17 is higher than the specificities of IL-23 and TGF-β in
the patients with candidemia. Several studies showed that
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IL-23 and IL-17 play an important role in the develop-
ment of the inflammatory response against the infectious
agent [39].

In addition to their important roles in immunopatho-
genesis, the diagnostic utility of serum IL-17 and IL-23 lev-
els were found to be promising in our study. Our study
is the first to provide insight into both the role in im-
munopathogenesis and the potential diagnostic use of IL-17
and IL-23.

On the other hand, when we reviewed the previous stud-
ies for the early diagnosis of candidemia based on a com-
bination of risk factors, colonization index, and serum β-
glucan levels, we observed a high negative predictive value
(97–100%) and a low positive predictive value (9–66%).
In our study, we found that a higher positive predictive
value and a lower negative predictive value than previous
studies. We found the highest positive predictive value for
IL-17. We believe that the measurement of these cytokine
levels and/or biomarkers in addition to the risk factors and
the colonization index could help in the early diagnosis of
candidemia [40–43].

In our study, we also measured the serum levels of TNF-
α and IL-1β, both of which are important proinflamma-
tory cytokines. The TNF-α and IL-1β levels were not sig-
nificantly different among the candidemia, bacterial sepsis,
polymicrobial sepsis, and healthy control groups.

Presterl et al. examined the serum levels of TNF-α at
the first, seventh, and fourteenth days in 20 patients with
candidemia, 20 patients with bacteremia, and 20 control
subjects without an infection. The researchers found that
the TNF-α levels were elevated and not different between
the candidemia and the bacteremia groups on the first day.
The TNF-α levels decreased in the bacteremia group in the
following days, but the TNF-α levels remained elevated in
the candidemia group, prompting a recommendation for
an increased duration of antifungal therapy in cases of can-
didemia [44].

In the Rosentul et al. study on 93 patients with can-
didemia, the serum IL-1β levels were reported to be very
low [45].

In previous studies, both proinflammatory and anti-
inflammatory cytokines were shown to be elevated in the
patients with severe sepsis and septic shock [46,47].

In our study, we suspected that the absence of the in-
tergroup differences of TNF-α and IL-1β levels may be ex-
plained by the fact that the serum sample was not obtained
at the onset of the sepsis in the patients with candidemia,
by the short half-life of these two cytokines, or by their low
serum levels [48,49]; however, animal studies show that
Candida albicans is not as strong of an inducer of TNF-α
in comparison with bacteria [50].

In another animal study, TNF-α was shown to not play
a major role in candida sepsis in terms of the progression
to lung injury and multiple organ failure [51]. The results
of these two animal studies led us to question the role of
TNF-α in invasive candida infections.

IL-10 inhibits the synthesis of the proinflammatory cy-
tokines, has an anti-inflammatory effect, and plays an im-
portant role in the control of the immune response during
the course of the systemic infections [52].

In our study, the serum IL-10 levels observed in the can-
didemia group were not different from those observed in
the bacterial sepsis and polymicrobial sepsis groups; how-
ever, when the levels of cytokines between all deceased and
surviving patients with candidemia and bacteremia were
compared at the twenty-eighth day, CRP, PCT, and IL-10
levels were found to be higher in the deceased patients.
Again, in the studies conducted on the patients with sepsis,
the IL-10 levels were found to be higher in deceased pa-
tients [46,53]. In both bacterial sepsis and candidemia, the
persistence of the anti-inflammatory effect adversely affects
the prognosis.

The serum levels of some other cytokines, such as IL-
6, IL-8, and IFN-γ , which were found to be involved in
candidemia in previous studies, were not investigated in
this study [45]. The Th1 and IFN-γ responses are very
important in the host defense mechanism against candida
infections. Moreover, it was recently reported that adjunc-
tive immunotherapy with IFN-γ can restore immune func-
tion in fungal sepsis patients, including candida sepsis [54],
but recent observations also implicate the Th17 cells in the
immune response to intracellular bacteria and fungi [55].
Whether or not the Th17 cells are involved in essential an-
timicrobial mechanisms or tissue destruction in these con-
texts is still unclear. Therefore, we focused primarily on
Th17-related cytokines, which include IL-17 and IL-23. In
addition, the serum levels of the proinflammatory cytokines
TNF-α and IL-1β and the antiinflammatory cytokine IL-10
were also examined.

Consequently, we consider IL-17 and IL-23 to be proin-
flammatory cytokines; TGF-β promotes the development of
a proinflammatory T cell group when stimulated with IL-6,
although it is an anti-inflammatory cytokine. SAA and PCT,
which are acute phase reactants, may be used as markers
in the differentiation of candidemia and bacteremia. Given
the threshold values of IL-17 and IL-23 obtained from can-
didemia serum samples and the recent introduction of pro-
calcitonin in clinical practices, these tests may be useful
for the diagnosis of candidemia. However, more extensive
studies with a greater number of patients are warranted.
Our study may offer insights into multicenter, prospective
studies that will be conducted on a larger scale in the future.
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