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Introduction

The aim of this study was to evaluate the Candida species, predisposing factors,
antifungal treatment approaches, and clinical outcomes of invasive Candida infections
(ICls) in a tertiary pediatric intensive care unit (PICU). A retrospective study was
performed from January 2008 to January 2019 including 102 children with ICls who
were admitted to a university hospital in southeastern Turkey. Positive blood cultures
were detected in 43 (42.1%) patients, and positive urine cultures were detected in 59
(57.8%). According to our results, Candida albicans (42.2%) was the most common
species for all isolates followed by C. parapsilosis (17.6%). In our patient population,
non-albicans Candida species were dominant (57.8%) in all isolates. The most common
facilitating factor in our study was the use of mechanical ventilator support (87.3%).
The mortality rate of our patients with ICls was 13.7%. Candida albicans was found to
have the highest mortality rate among all Candida species (30.7%). When we compared
patients with C. albicans and those with non-albicans Candida species in terms of risk
factors, we detected a significant difference between the two groups for total
parenteral nutrition use (p=0.027). Fluconazole was the most preferred (58.8%)
treatment option in our PICU for ICIs. Our results showed an increased trend in
micafungin use in recent years. ICls are a significant problem due to the high mortality
and morbidity rates in critically ill pediatric patients in PICUs. In recent years, an
increase in Candida infections caused by non-albicans Candida species has been
reported. Multicenter prospective studies are needed to determine the risk factors
for ICls.

patients with hematological-oncological malignancies under-
going chemotherapy or bone marrow transplantation, those

Infections caused by Candida species, which are the normal
flora elements of the body, can range from simple mucocuta-
neous disease to invasive Candida infection (ICI).! ICIs caused
by Candida species are significant causes of nosocomial infec-
tions and mortality, especially in critically ill children and
neonates.” The high-risk group for ICI includes pediatric
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with congenital or acquired immunodeficiency states, and
those who need immunosuppressive therapy due to various
reasons.> Candida infections are the third most common
cause of healthcare-associated bloodstream infections and
the second most common cause of central catheter associated
bloodstream infections in children.
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ICIs have increased in the last two decades as a result of
the improvement in intensive care units and the increased
use of invasive procedures. Broad-spectrum antibiotics, cen-
tral venous catheters (CVCs), parenteral nutrition, renal
replacement therapy, neutropenia, malignancy, and immu-
nosuppressive treatments are the most reported facilitating
factors for ICI in intensive care units.’

Although C. albicans is the most common isolated species
for ICI, the incidence of non-albicans types has increased in
recent years. Candida glabrata, C. parapsilosis, C. krusei,and C.
tropicalis, in particular, are the non-albicans Candida species
reported with increasing frequencies.®’ Candida infections
are a major cause of morbidity and mortality in critically ill
children in PICUs, and the reported mortality rates are
different in pediatric studies.®~1°

In this study, we aimed to determine the isolated Candida
species, identify predisposing factors and antifungal treat-
ment approaches, and investigate the demographic charac-
teristics and clinical outcomes of patients with ICI in a
tertiary pediatric intensive care unit (PICU) during an 11-
year period.

Materials and Methods

This study is a retrospective review conducted at a university
hospital in Adana, Turkey. Patients diagnosed with invasive
candidiasis according to the surveillance criteria of Center for
Disease Control and Prevention (CDC) were included in this
study.

In accordance with the CDC surveillance criteria, blood,
urine, tracheal aspirate, cerebrospinal fluid, and pleural fluid
cultures were evaluated retrospectively. The presence of at
least one type of Candida in the blood culture and the presence
of an infection such as concomitant fever, hypothermia, leu-
kocytosis, elevation in acute phase reactants, tachycardia, and
hypotension were evaluated as candidemia.'’

Diagnosis of symptomatic urinary tract infection was made
in the case of urinary tract infection, fever >38°C, and at least
one of the signs and symptoms of urgency, frequency, dysuria
or suprapubic tenderness, suprapubic susceptibility, and iso-
lation of Candida species in the urine culture.!’

In patients with new or progressive infiltration on chest X-
ray, the presence of two or more of the findings of fever > 38°
C or hypothermia, leukocytosis or leukopenia, purulent
secretion, and Candida isolation in tracheal aspirate culture
was defined as pneumonia.'’

The records of patients were examined retrospectively, and
all patients’ clinical and laboratory findings, age, gender,
underlying disease, Candida species isolated from blood cul-
ture, urine culture and tracheal aspirate culture, antifungal
treatments, duration of treatment, length of stay in hospital
and intensive care unit, mechanical ventilator requirement,
and mortality information were recorded. In patients with
more than one episode, only the first episode was included.
Risk factors for ICI included the presence of CVC, permanent
catheter and urinary catheter, trauma, neutropenia, total
parenteral nutrition (TPN), steroid treatment, hemodialysis,
recent surgery, and broad-spectrum antibiotic treatment.
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Microscopic morphology of Candida species was exam-
ined in agar-agar with corn flour and 1% Tween using the API
ID 32 C yeast identification kit (bioMérieux, Marcy LEtoile,
France).

Statistical Analysis

Data were analyzed using the Statistical Package for the
Social Sciences, version 21.0 (SPSS Inc., Chicago, Illinois,
United States). All collected variables were analyzed using
descriptive and inferential statistics. Categorical variables
are described and reported as counts and percentages.
Continuous variables are described and reported as mean +
standard deviation. Patient survival status was the main
study outcome variable and was analyzed versus all demo-
graphic and clinical characteristics of the patients using
univariate and multivariate analyses. A p-value of <0.05
was accepted as the significance level for all statistical tests.

Ethical Approval
The study was reviewed and approved by the Ethics Com-
mittee of the Medical Faculty of the University (2019:84).

Informed Consent
Since the study was conducted retrospectively, family con-
sent could not be obtained.

Results

During the 11-year period, a total of 102 patients with ICI were
included, of whom 58.8% of the patients were males. The mean
age was 52.80+58.58 months. =Table 1 summarizes the
underlying diagnoses of the patients. Positive blood culture
was detected in 43 (42.1%) patients, and positive urine culture
was detected in 59 (57.8%). Nine different Candida species were
detected in blood and urine cultures. Candida-associated nos-
ocomial pneumonia was not detected in any patients. Among
the patients with Candida infections, C. albicans was isolated
from 43 (42.2%) patients, C. parapsilosis from 18 (17.6%),
C. tropicalis from 14 (13.7%), C. glabrata from 8 (7.8%), C. famata
from 7 (6.9%), C. kruseifrom 1 (%1), C. lusitaniae from 1 (1%), and
C. guilliermondii from 1 (1%), and other nonidentified species

Table 1 Underlying diagnosis of patients with ICls

n=102 n (%)
Neurologic disease 29 (28.5)
Metabolic disorders 15 (14.7)
Postoperative cardiac surgery 9 (8.8)
Major noncardiac surgery 9 (8.8)
Infectious diseases 18 (17.6)
Trauma 2(1.9)
Hematological-oncological malignancies/ 12 (11.8)
chemotherapy or allogenic bone

marrow transplantation

Congenital or acquired immunodeficiency 8(7.9)

Abbreviation: ICl, invasive Candida infection.
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Table 2 Isolated Candida species according to years

Aslan et al.

2008 | 2009 ([ 2010 | 2011 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
Candida albicans 11 5 1 2 2 1 3 4 6 3 5
Candida tropicalis 4 1 4 1 2 1 1
Candida parapsilosis 4 5 3 2 1 2 1
Candida glabrata 2 2 2 1 1
Candida crusei 1
Candida lusitaniae 1
Candida famata 1 1 2 3
Candida guilliermondii 1
Nonidentified species 1 2 1 2 3
Total 22 14 5 9 8 4 8 7 8 9

were isolated from 9 (8.8%) patients. The Candida species that
was the most commonly isolated from blood culture was C.
albicans (37.2%) followed by C. parapsilosis (34.8%). The Candi-
da that was the most commonly isolated from urine culture
was C. albicans (44.1%) (similar to blood culture) followed by C.
tropicalis (15.2%). For all isolates, non-albicans Candida species
were dominant (57.8%) in our patient population. The frequen-
cy of isolated Candida species according to years is shown in
=Table 2. The frequency of ICl in our PICU according to years is
shown in =Fig. 1.

The reported risk factors of ICI were the presence of a CVC
in 81 (79.4%) patients, the presence of a permanent catheter
in 10 (9.8%), TPN in 16 (15.7%), neutropenia in 17 (16.7%),
steroid treatment in 46 (45.1%), requirement of mechanical
ventilators in 89 (87.3%), wide-spectrum antibiotic use in 72
(70.6%), hemodiafiltration in 8 (7.8%), surgery in 38 (37.3%),
and Foley catheter in 77 (75.5%).

The mortality rate of our patients with ICI was 13.7%.
Candida albicans was found to have the highest mortality rate
among all Candida species (30.7%). We compared the surviv-
ing and nonsurviving groups in terms of risk factors but did
not detect any significant difference between the two groups
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Fig. 1 Invasive Candida infection frequency according to years.

(=Table 3). We compared patients with C. albicans and those
with non-albicans Candida species in terms of risk factors
and detected a higher TPN use rate in the C. albicans group
(25.6%) compared with the non-albicans group (8.5%). There
was a significant difference between the two groups in terms
of TPN use (p =0.027).

Fluconazole was the most preferred (58.8%) treatment
option for ICI in our PICU. We applied combination therapy
(triazole + echinocandin) in 12 (11.8%) patients. Our results
showed an increased trend in use of micafungin in recent
years. We detected that we used micafungin for all patients
with candiduria in 2018.

Discussion

More than 30 species of Candida have been reported to cause
ICL.'%13 Candida species are the second most common cause
of central catheter-associated bloodstream infections in
hospitalized patients.'* Fungal infections have an increasing
mortality rate in children with malignancies and stem cell
transplants.w'16 Fungi are the second most common patho-
gen associated with sepsis in children.'*

In our study, we evaluated patients with ICI in a tertiary
university hospital in Southeastern Turkey. The study group
included a total of 102 patients during an 11-year period.
According to our results, C. albicans (42.2%) was the most
common species for all isolates, followed by C. parapsilosis
(17.6%). When we separately evaluated blood and urine
cultures, we found the second most commonly detected
Candida types to be C. parapsilosis in bloodstream infections
and C. tropicalis in urinary tract infections. When all isolates
were evaluated, our results showed that non-albicans
Candida types were dominant, with a 57.8% frequency. In
a 5-year retrospective pediatric study in Saudi Arabia,
Almoosa et al'’ reported the most common isolated Candida
species to be C. albicans, similar to our study. However, both
the study of Almoosa et al'” and the results of another pediatric
multicenter study showed a collective predominance for
non-albicans Candida species, in parallel with our study.18 In
another single-center retrospective pediatric study including
226 patients aged between 6 months and 18 years, they
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Table 3 Comparison of predisposing factors for survived and
nonsurvived groups

Nonsurvived | Survived p-Value
group, n (%) | group, n (%)
14 (13.7) 88 (86.2)

Sex 1

Female 6 (42.9) 36 (40.9

Male 8 (57.1) 52 (59.1
Central 0.290
venous
catheter

Yes 13 (92.9) 68 (77.3)

No 1(7.1) 20 (22.7)

Permanent 0.350
catheter

Yes 0 10 (11.4)

No 14 (100) 78 (88.69
Foley 0.179
catheter

Yes 13 (92.9) 64 (72.7

No 1(7.1) 24 (27.3
Neutropenia 0.244

Yes 4 (28.6) 13 (14.8

No 10 (71.4) 75 (85.2)

Total 0.042
parenteral
nutrition

Yes 5(35.7) 11 (12.

No 9 (64.3) 77 (87.5
Mechanical 0.206
ventilation

Yes 14 (100) 75 (85.2)

No 0 13 (14
Broad-spectrum 0.223
antibiotics

Yes 12 (85.7) 60 (68.2

No 2(14.3) 28 (31.8
Hemodialysis 0.302

Yes 2 (14.3) 6 (6.8)

No 12 (85.7) 82 (93.2)

Steroid 0.776
treatment

Yes 7 (50) 39 (44.3

No 7 (50) 49 (55.7)

Surgery 0.562

Yes 4 (28.6) 34 (38.6)

No 10 (71.4) 54 (61.4
Trauma 0.257

Yes 1(7.1) 1(1.1)

No 13 (92.9) 87 (98.9)
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found the most common isolate to be C. albicans followed by
C. parapsilosis, similar to our results.'® In an adult study by
Omrani et al,20 it was reported that C. albicans was the most
common species followed by C. tropicalis. In our country, Siit¢ii
et al®! evaluated 54 pediatric and neonatal patients aged
between 0 and 18 years and reported the most commonly
isolated agent to be C. albicans, but the collective results of
the study showed that C. albicans and non-albicans species
were equal. Noni et al in their retrospective study including
178 pediatric cases from three neonatal intensive care units,
one PICU, two hematology-oncology units, and one bone
marrow transplantation unit in Greece reported that the
most isolated species were C. albicans and C. parapsilosis.??
In a study performed on 102 children with nosocomial candi-
demia in our country between 1997 and 2005, non-albicans
Candida species were the most common species.?> In another
single-center study performed on children with malignancy
and nosocomial candidemia in our country between 2007
and 2013, non-albicans candidemia was determined in 81.4%
of 135 candidemia episodes.?* Oncii et al®® reported that
C. parapsilosis was the most common non-albicans Candida
species in both neonates and children.

Candida infections are a major cause of morbidity and
mortality in critically ill children in PICUs.%® Despite
improvements in disease prevention and antifungal therapy
options, reported mortality rates vary between 7.7 and 26%
in different pediatric studies.8-1° Mortality is highest, espe-
cially in infants. In a study on infants with positive urine and
blood or positive urine and cerebrospinal fluid, the mortality
rate was found as 57%.%7 In a study including pediatric and
neonatal cases, the mortality rate was 43.8% in patients
staying in intensive care units.'” In an 8-year retrospective
adult study, a mortality rate of 50% was reported. Data from
Prospective Antifungal Therapy records from 25 tertiary
medical centers from the United States and Canada including
2,496 adult non-albicans Candida cases showed a high mor-
tality rate ranging from 46 to 75%. In a pediatric study, C.
parapsilosis was found to have the highest mortality rate
among all Candida species.'” In our study, the mortality rate
was 13.7%, and C. albicans was found to have the highest
mortality rate among all Candida species (30.7%).

In the literature, the most common involvements of ICI
are blood and urinary tract. Acar et al reported a Candida-
associated bloodstream infection frequency of 42.9% and a
urinary tract infection frequency of 37.1% in adult patients
in the intensive care unit.’® Two adult studies in our
country reported that the most common involvement of
ICI was urinary infection.?®° In our study, bloodstream and
urinary infections were the first two involvements of ICI, in
parallel with the information in the literature.

The most frequently defined risk factors for ICI are
broad-spectrum antibiotic use, central venous catheteriza-
tion, TPN, renal replacement therapy, neutropenia, malig-
nancy, and use of immunosuppressive agents.> TPN and
mechanical ventilation (MV), in particular, are the two
specific defined risk factors for pediatric ICL3"3? In a
previous study, gender, prolonged intensive care unit stay,
and mechanical ventilatory support were defined as major
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risk factors for invasive candidiasis and were reported to be
associated with high mortality rates and poor clinical out-
comes."” In another study, potential risk factors were
reported as the presence of CVC (97.8%), urinary catheter
(73.3%), MV (64.4%), and broad-spectrum antibiotic treat-
ment (95.6%).33 A previous study reported that Candidemia
was found to be related to vascular catheters in 58% of
newborns and 70% of children. In this study, the main risk
factors were prematurity and staying in ICU in newborns,
and hematological malignancy and neutropenia in chil-
dren.>* Siitcii et al®! reported the most common facilitating
factor for ICI to be the use of broad-spectrum antibiotics in
their study group. The most common facilitating factor in
our study was the use of mechanical ventilator support. We
compared surviving and nonsurviving groups according to
risk factors of ICI but could not detect any significant
differences between the two groups.

The normal gastrointestinal barrier serves an important
function in preventing candidiasis.>® The destruction of this
flora by a major surgery or TPN use is a potential risk factor
for ICI. Our results showed a statistically significant differ-
ence between the C. albicans and non-albicans groups in
terms of TPN use.

Triazoles are the most commonly preferred antifungal
agents due to high oral bioavailability and safety of use.?!
Recent guidelines for the management of ICI in neonates and
pediatric patients suggest the use of echinocandins, flucon-
azole, and amphotericin B.>> Echinocandins are first-line
agents for the treatment of IC in children. Amphotericin B
is an alternative treatment option when isolates are resistant
to azoles or echinocandins.3® In our study, fluconazole was
the most commonly preferred treatment option, and echi-
nocandins were the second most commonly preferred anti-
fungal treatment option in 21 (20.5%) patients (caspofungin
in 9, micafungin in 12). Our results showed an increasing
trend in micafungin use, especially in the year 2018.

To the best of our knowledge, our study is one of the
largest pediatric studies on ICI in a PICU in our country but
has some potential limitations. First, it was a single-center
study. The second limitation was the retrospective design of
the study. The third limitation was a lack of data on antifun-
gal susceptibilities and treatment times. Future prospective
multicenter studies with larger isolate numbers are needed
to contribute to the literature.

In conclusion, ICI is a common cause of nosocomial
infections in PICUs and is still a significant problem due to
its high mortality and morbidity rates in pediatric patients,
especially those with malignancies and immunosuppressive
status. Candida albicans is the most common isolate among
all Candida species. Our results showed a dominance of non-
albicans Candida species, and the most commonly preferred
treatment option in our unit was fluconazole. Furthermore,
we detected an increasing use of echinocandins, particularly
micafungin, in recent years. There are some studies on
pediatric invasive candidiasis in Turkey, but multicenter
prospective studies are needed to describe the clinical and
epidemiological characteristics of pediatric patients with ICI
and to obtain healthier data.

Aslan et al.
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