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Abstract: Bloodstream Candida infections constitute a major threat for hospitalized patients in intensive
care units and immunocompromised hosts. Certain serum cytokines play a decisive role in anti-
microbial host defense. Cytokines may act as discriminatory biomarkers that can significantly increase
in candidemia compared to bacteremia patients. The concentration of secreted cytokine/chemokines
was determined using a multiplexed cytometric bead array run on a cell analyzer. The cytokines tested
during the study were interleukin (IL)-13, IL-6, IL-17A, IL-10, IFN-y, IL-4, IL-2, IL-8, IL-12p70 and
the tumor necrosis factor (TNF)-«. The cytokines of 51 candidemia patients were characterized and
compared to the cytokine levels of 20 bacteremia patients. Levels were significantly elevated in patients
with bloodstream infections compared to healthy controls. Cytokines comprising IL-2, IL-17A, IL-6 and
IL-10 were significantly elevated in the patients with bloodstream Candida infection as compared to the
patients having bloodstream bacterial infections. The levels were found to be promising as a potential
diagnostic marker for bloodstream Candida infections.
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1. Introduction

The incidence of candidemia has increased dramatically, including the infections
documented in intensive care units (ICUs). For example, 53% of documented candidemia
in Hamad hospital, Qatar, was from the ICUs [1]. Candida spp. are the third most common
microorganisms responsible for health-care-related bloodstream infections [2]. However,
blood cultures for yeasts lack sensitivity and need prolonged incubation (> 48 h) to generate
positive results. As a consequence, antifungal drugs are often prescribed either prophy-
lactically, preemptively, or empirically in high-risk patients [3]. The resulting overuse of
antifungal drugs may lead to the emergence of Candida species that are resistant to azoles
and/or echinocandins [4,5].

The early diagnosis of fungal infection has become increasingly important in order to
prevent invasive candidiasis. There are some reports suggesting that C-reactive protein
(CRP) and procalcitonin (PCT) can be used to diagnose bacterial sepsis [6]; however, their
role and other cytokines in diagnosis of fungal infections has not been clearly demon-
strated. Host immunity is of clear importance for controlling Candida infections. Currently
employed clinical characteristics do not differentiate between fungal and bacterial in-
fections. Interleukins, promptly and transiently produced in response to infections and
tissue injuries, contribute to host defense through the stimulation of acute phase responses,
hematopoiesis and immune reactions [7,8]. This retrospective study aims to assess the risk
factors associated with candidemia in ICUs and patients at high risk, to measure the serum
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levels of inflammatory cytokines of Th-1, Th-2 and Th-17 lineage and to compare them
with those observed in the cases of bacteremia. Though several studies have documented
changes of cytokines and chemokines in bacteremia or sepsis, few studies have investi-
gated candidemia or compared the differences between candidemia and bacteremia [9,10].
Therefore, in our study, we investigated the profiles of various cytokines that are involved
in the regulation of systemic inflammation in high-risk patients. The cytokines investigated
were interleukin (IL)-1(3, IL-6, IL-17A, IL-10, IEN-y, IL-4, IL-2, IL-8, IL-12p70 and the tumor
necrosis factor (TNF)-«.

2. Materials and Methods
2.1. Study Design and Patients

This retrospective study was a single-center analysis from January 2016 to December
2018. The acquired sera were stored at —80 °C until analysis. We analyzed clinical informa-
tion pertaining to bloodstream infections (BSIs) from 71 (51 candidemia and 20 bacteremia)
patients hospitalized in all clinical departments of Hamad Medical Corporation (HMC),
including the intensive care units (ICUs), hematology/oncology department and other
medical and surgical wards. The study subject population was composed of all adult and
pediatric hospitalized patients of both genders who developed candidemia or bacteremia.
A Candida BSI was defined when one or more cultures of blood from patients with rel-
evant clinical signs and symptoms were positive for a Candida species [11]. All patients
selected for further analyses had at least one blood culture positive for a Candida species,
as identified by the HMC Microbiology Laboratory database. Only the isolate from the
first culture of blood collected from each patient at the time of onset of candidemia was
included. The use of retrospective laboratory data and preserved blood sera within this
study was reviewed and approved by the Medical Research Center (MRC) Ethics Com-
mittee at Hamad Medical Corporation (approval number 16149/16). The requirement for
written informed consent was waived because of the blind retrospective and observational
nature of this study.

2.2. Data Collection and Definitions

Demographic characteristics and underlying medical conditions were recorded sys-
tematically for each case. Clinical conditions and risk factors within minimum 10 days
prior to candidemia were also recorded, including the presence of intravenous and total
parenteral nutrition (TPN), mechanical ventilation and renal replacement therapy. We
defined ICU population as patients hospitalized in ICUs at the time of candidemia and
conversely for non-ICU population.

A total of 71 serum samples from patients from adult and pediatric wards of HMC
were obtained, including 51 that yielded Candida spp. and 20 that yielded bacteria. Ten
serum samples from healthy people without infection were used as control samples for
comparison. Venous blood samples were collected in vacutainer tubes containing ethy-
lene diamine tetraacetic acid (EDTA) under sterile conditions. Serum was obtained after
centrifugation at 1300 rcf and immediately stored frozen at —80 °C until processed.

The definitions of nosocomial infections were established according to the definitions
provided by the Center for Disease Control and Prevention (CDC). The mortality rates
observed within the 30 days after the development of candidemia were calculated.

2.3. Isolation and Identification of Pathogens

Automated Bactec™ (Becton Dickinson, Sparks, MD, USA) blood culture systems
were used during the study period. Yeasts and bacteria isolated from blood cultures
were identified by MALDI-TOF mass spectrometry (Microflex Mass Spectrometer, Bruker
Daltonics GmbH, Bremen, Germany) as described previously [1,12]
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2.4. Measurement of the Serum Cytokine Levels

The concentration of secreted cytokine/chemokines was determined using a multi-
plexed cytometric bead array (CBA; BD Biosciences, CA, USA) run on an LSRFortessa
Cell Analyzer (BD Biosciences, CA, USA). Data were acquired using DIVA Version 8.0
(BD Biosciences, CA, USA) and then analyzed using FCAP Array (Version 3; Soft Flow
Hungary Ltd., Pécs, Hungary) to convert fluorescent intensity values into concentrations.

2.5. Statistical Analysis

Data are presented as mean =+ standard deviation (SD) or median (quartile range)
for data with a skewed distribution. Categorical data values are expressed as frequencies
(percentages). Differences in their mean values between patients with candidemia or
bacteremia and healthy controls were compared using an unpaired Student’s t-test and
Mann-Whitney U test for skewed data distribution. Associations between two or more
categorical variables (gender, patients and healthy controls with no apparent microbial
infections) were examined using a chi-square (x2) test or Fisher Exact test as appropriate.
Key findings are presented using appropriate statistical graphs. All p values presented are
two-sided and p values < 0.05 were considered as statistically significant. All statistical
analyses were conducted using statistical packages SPSS 23.0 (SPSS Inc. Chicago, IL, USA)
and Epi-info (Centers for Disease Control and Prevention, Atlanta, GA, USA) software.

3. Results
3.1. Descriptive Epidemiology

From January 2016 to December 2018, the sera of a total of 81 individuals were
included in the study: 51 sera from patients with an episode of microbiologically proven
candidemia, 20 sera from patients with bacteremia and 10 sera from healthy controls.
Demographic and clinical data of candidemia patients are presented in Table 1. Two-thirds
(66.7%) of the patients were male (n = 34), the mean age of candidemia patients was
41.09 £ 23.7. Risk factors for candidemia and hospital wards are shown in Table 1. The
majority of candidemia patients 47/51 (92.2%) was at risk of malignancy, diabetics, surgery,
neutropenia, central line and chemotherapy. For patients with candidemia, Candida albicans
was the most common etiologic pathogen (n = 16, 31.4%), followed by Candida glabrata
(n =11, 21.5%), Candida tropicalis (n = 10, 19.6%), Candida parapsilosis (n =7, 13.7%) and other
yeast species (n = 5; 9.8%) (Table 1). For patients with bacteremia, Gram-negative bacteria
were the most common pathogens (n = 17, 85.7%); these included eight Escherecia coli, two
Pseudomonas aeruginosa, two Klebsiella pneumoniae and one isolate for each Klebsiella oxytoca,
Enterobacter cloacae, Acinetobacter baumannii, Citrobacter freundii and Moraxella catarrhalis.
Gram-positive bacteria were (n = 3; 15%) represented by two Staphylococcus aureus and one
Staphylococcus hominis.

Table 1. Characteristics of the 51 critically ill candidemia patients and 20 patients with bacteremia.

Parameter Candidemia Bacteremia
Age (y) mean £ SD 41.09 +23.7 43 + 2495
Male (%) 34 (66.7) 11 (55)
Mortality < 30 days (%) 19 (37.3) 0.00
Hospital ward.
N (%)
MICU 18 (35.3) 1(5)
SICU 9 (17.6) 1(5)

PICU 7 (13.7) 0.00
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Table 1. Cont.

Parameter Candidemia Bacteremia
NICU 2(3.9) 0.00
TICU 0.00 3(15)
Oncology 5(9.8) 4 (20)
Surgery 6 (11.8) 5 (25)
Non-ICU 4(7.8) 9 (45)
Malignancy
N (%)
Hematological diseases 8 (15.7) 1(5)
Solid tumor 8 (15.7) 3 (15)
Medical/Surgical diagnosis N (%)
DM 13 (25.5) 1(5)
History of Surgery 18 (35.3) 5(25)
Central line 15 (29.4) 0.00
Tracheostomy /intubated 8 (15.70) 0.00
Neutropenia 7 (13.7) 0.00
Chemotherapy 10 (19.6) 3(15)
Nutrition (NGT/TPN) 6(11.8) 0.00
Dissemination 4(7.8) 0.00
Renal transplant 0.00 2 (10)
Liver disease 0.00 1(5)
UTI 0.00 1(5)
None 0.00 3(15)
Species Cauli]inog candidemia Species causing Bacteremia
(%)
C. albicans 16 (31.4) Escherichia coli 8 (40)
C. glabrata 11(21.5) Pseudomonas aeruginosa 2 (10)
C. tropicalis 10 (19.6) Klebsiella pneumoniae. 2 (10)
C. parapsilosis 7 (13.7) Klebsiella oxytoca 1(5)
C. dubliniensis 2(3.9) Enterobacter cloacae 1(5)
Clavispora lusitaniae (C. lusitaniae) 2 (3.9) Acinetobacter baumannii 1(5)
Pichia kudriavzevii (C. krusei) 1(2.0) Citrobacter freundii. 1(5)
Kluyveromyces marxianus (C. kefyr) 1(2.0) Moraxella catarrhalis. 1(5)
Non-Candida yeast 1(2.0) Staphylococcus aureu. 2 (10)
Staphylococcus hominis. 1(5)

3.2. Interleukin Profile

We analyzed the Th-1 pro-inflammatory cytokines among the candidemia, bacteremia
and control groups. Our results show that cytokines IL-8, IFN-y, TNF-« and IL-2 were
significantly elevated in the candidemia, compared to the control healthy group (Figure 1).
This is in accordance with the notion that fungal infections induce the Th-1 cytokines in the
serum of infected individuals. There was no significant difference between the candidemia
and bacteremia group with respect to the cytokines IL-8, IFN-y and TNF-«. Our results
show that only IL-2 was significantly upregulated in the patients with fungal infection
compared to the bacteria-infected patients.
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Figure 1. Concentration of Th-1 cytokines in serum. Serum was analyzed using multiplexed cyto-
metric bead array. Histograms represent percentage change expressed as mean &= SEM (p > 0.05 is
considered non-significant). The data represent triplicate measurements of interleukins. * = p < 0.05,
** =p <0.01 and *** =p < 0.001.

The most interesting result of our investigation was the significantly higher levels of
the pro-inflammatory Th17 type cytokine, IL17A and IL-6, in the serum samples from pa-
tients with candidemia in comparison with samples from patients with bacterial infections
and the healthy subjects (Figure 2). Serum IL-17A and IL-6 levels could not be detected in
the healthy control group, whereas, in comparison with the bacterial group, the candidemia
group had significantly elevated levels of these cytokines.
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Figure 2. Concentration of Th-17 cytokines in serum. Serum was analyzed using a multiplexed
cytometric bead array. Histograms represent percentage change expressed as mean + SEM (p > 0.05 is
considered non-significant). The data represent triplicate measurements of interleukins. * = p < 0.05
and *** = p < 0.001.

The levels of the anti-inflammatory cytokine IL-10 were significantly higher in the
patients with candidemia than in both bacterial infected patients and normal healthy
controls (Figure 3). Serum levels of IL-4 were significantly higher in the candidemia group
than in healthy controls only. Even though there was an increase in the levels of IL-4 in the
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candidemia group compared to the bacteremia group, that was statically not significant

(p = 0.009).
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Figure 3. Concentration of Th-2 cytokines in serum. Serum was analyzed using a multiplexed
cytometric bead array. Histograms represent percentage change expressed as mean + SEM (p > 0.05
is considered non-significant). The data represent triplicate measurements of interleukins. * = p < 0.05
and *** =p < 0.001.

4. Discussion

We investigated whether or not the levels of Th-1, Th-2 and Th-17 cytokines would
be useful for the diagnosis of candidemia and whether they existed in a different profile
compared to bacteremia patient. Previous studies have found the levels of the inflammatory
markers, C-reactive protein (CRP) and procalcitonin (PCT), to vary between bacteremia and
candidemia groups [6,10,13]. Therefore, more potential biomarkers need to be discovered
for differential diagnosis of bloodstream infections for patients in intensive care.

Th-1 cytokine IL-8, IFN-y, TNF-« and IL-2, all of which are important pro-inflammatory
cytokines and essential factors in innate immunity, were found in the present study sig-
nificantly elevated in the patients with candidemia compared to normal healthy control
subjects. Compared to bacteremia patients, candidemia patients had only IL-2 cytokine in
significantly elevated levels. These results indicate that IL-2 cytokine may have a potential
role in candidemia patients and can be exploited as a possible biomarker for the diagnosis
after further evaluation. When infection occurs, it can lead to a systemic inflammatory
response. However, other studies have shown conflicted findings in the serum level of IL-2,
which were not significantly different in candidemia compared to bacteremia [10], whereas
serum levels of IL-8, IFN-y and TNF-x were non-significantly increased. Such findings
were inconsistently reported in candidemia patients; while our results are in accordance
with Atkin et al.’s [9], others reported a significant increase in the candidemia group com-
pared to bacteremia patients [10]. Natural killer cells could regulate the IFN-y function
against fungal infection by directly killing the organism [14]. In addition, individuals with
impaired IFN-y signaling are at high risk of severe infection with C. albicans [15].

The present data showed IL-17A and IL-6 were significantly increased in candidemia
patients compared to both bacteremia patients and normal healthy controls. These results
are consistent with earlier published findings [6,7,10]. The IL-17A and IL-6 cytokines are
specifically induced in the patients after Candida infection, making them a potential target
for diagnostic purposes. The shielding role of Th-17 responses in the host defense against
fungal infection was first established in IL-17A receptor-deficient (IL-17RA) mice, that
showed increased susceptibility to systemic C. albicans infection [16]. In addition, deficiency
in IL-17 led to a severe oropharyngeal candidiasis model in mice [17]. Several studies have
shown IL-17A to play an important role in the development of the inflammatory response
and host defense against Candida infections [9,10]. IL-17, now denoted as IL-17A, is the
hallmark cytokine of the Th-17 cells and has been shown to function as a proinflammatory
cytokine that upregulates a number of chemokines and matrix metalloproteases through
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the NF-xB and MAPK signaling pathways, leading to the recruitment of neutrophils into
the sites of inflammation [18,19]. In an observational, prospective study, IL-17A levels were
shown to be significantly increased in three patients with septic shock due to candidemia
(primarily abdominal focus) compared to non-candidemic septic patients with or without
Candida colonization, supporting the usefulness of IL-17A values for the diagnosis of
invasive Candida infections [20]. In view of the limited ability to distinguish candidemia
from bacteremia, IL-17A has to be considered as a biomarker for bloodstream infection
rather than invasive Candida infections, as recently reported [21].

IL-6 is important to both innate and adaptive immunity [22]. It can be produced by
many different cell types, including macrophages, endothelial cells and T cells. In addition
to acting as part of the innate immune system, IL-6 induces C-reactive protein (CRP),
fibrinogen and serum amyloid A to be expressed in hepatocytes [7]. As determined by
clinical and laboratory characteristics, IL-6 concentrations correlate with the severity of
sepsis [23]. IL-6-deficient mice are more susceptible to invasive candidiasis than wild type
mice, which suggests that IL-6 release is fundamental during fungal infection [24].

In our study, IL-8 was not significantly increased in patients with Candida infections.
IL-8 was reported to be an efficient predictor for bacteremia in most studies, while few
publications have been concerned with changes in IL-8 levels during Candida infections [10].

Among the Th-2 cytokines, IL-10 and IL-4 were significantly elevated in candidemia
patients compared to healthy controls, but only IL-10 was significantly elevated in can-
didemia compared to bacteremia groups. IL-10 is the cytokine released from macrophages
and dendric cells (DCs) and the main function of this anti-inflammatory cytokine is to
block the production of other cytokines from T helper-1 (Th-1) cells [25]. It was reported
that IL-10 was reduced fivefold in renal transplant patients with invasive fungal diseases
as compared to stable allograft recipients, which indicated that immunocompromised
individuals could not respond to invasive fungal disease through IL-10 release [26]. It
was found that patients with elevated IL-6 and IL-10 developed a higher proportion of
health-care-associated infections, although this increase was not statistically significant [27].

Overall, our results indicate that a set of cytokines comprising IL-17A, IL-6, IL-2
and IL-10 is significantly elevated in the patient with bloodstream Candida infection as
compared to the patients having bloodstream bacterial infections. Our study revealed
that the cytokines IL-2, IL-6 and IL-10 were significantly higher in candidemia patients
than in bacteremia patients, which was not reported in previous studies [9,10]. The levels
were considered promising as a potential diagnostic marker. The study results could
be exploited for differentiating and diagnosing Candida infections at an early stage by
evaluating a larger cohort of patients. Early diagnosis of candidemia in high-risk patients
using such high throughout testing may result in earlier medical treatment and improve
the patient’s outcome.
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