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Abstract
Background

Due to the great burden of morbidity and mortality, invasive fungal infections (IFIs) are a major concern in
neonatal intensive care units (NICUs) worldwide. This study aimed to evaluate the epidemiological and
clinical characteristics, type of pathogen, risk factors, laboratory parameters, treatment, and clinical
outcome associated with IFIs in a NICU within a three-year period.

Methodology

This study was conducted at the NICU, Pediatric Clinic, Clinical Centre of the University of Sarajevo from
January 2020 to December 2022. A total of 22 infants were diagnosed with IFIs. Clinical data of the infants
were collected from medical histories, including gestational age, gender, birth weight, perinatal conditions,
major diseases, type and site of fungal isolate, time of onset of infection, clinical and laboratory findings,
antifungal prophylaxis, antifungal therapy, broad-spectrum antibiotic therapy, clinical interventions,
associated bacterial sepsis, total duration of hospitalization, and clinical outcomes. The study was approved
by the Ethics Committee of Sarajevo University, Faculty of Medicine, Clinical Center University of Sarajevo.
All cultures were monitored using an automated culture system. Passages to blood agar and Sabouraud
dextrose agar were performed. Absolute numbers and percentages were used to describe categorical data,
and median and interquartile ranges were used to describe numerical data due to data distribution that
deviated from normal. The chi-square test or Fisher’s exact test was used to analyze differences in
categorical variables. The Mann-Whitney U-test and the Wilcoxon signed-rank test were used to analyze the
differences in numerical variables between the observed groups. P-values <0.05 were considered statistically
significant. Statistical analyses were performed using SPSS version 25.0 (IBM Corp., Armonk, NY, USA).

Results

Between January 2020 and December 2022, a total of 22 infants had IFIs in the NICU, with an overall
incidence of 11.5 per 1,000 admissions per year. Candida albicans was the most frequently isolated species
(54.5%). The most important risk factors for IFIs in the NICU were long-term use of broad-spectrum
antibiotics, parenteral nutrition, central venous catheter (CVC), mechanical ventilation (MV), birth weight
<1,500 g, and prematurity. A significant increase in the median C-reactive protein and a decrease in the
median platelet count was recorded between admission and the time of pathogen isolation. The overall
mortality rate was 27.3% with significantly higher mortality in patients with C. albicans compared to other
Candida species.

Conclusions

In this study, C. albicans was the most frequent causative agent of IFI (54.5%). The most important risk
factors for IFIs in the NICU were long-term use of broad-spectrum antibiotics, parenteral nutrition, CVC,
MV, birth weight <1,500 g, and prematurity. The mortality rate was significantly higher in patients infected
with C. albicans than with non-albicans species.
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Introduction

Invasive fungal infections (IFIs), where fungi are isolated from blood and other sterile sites and tissues
showing invasion into specific organs, present a major concern in neonatal intensive care units (NICUs) [1].
They are the third most common cause of late-onset sepsis, following coagulase-negative staphylococci and
Gram-negative bacilli [2,3]. The incidence of invasive candidiasis in NICUs is increasing due to the increased
survival and intensive care of extremely immature infants. It ranges from 2.6% to 13.2% in very low birth
weight (VLBW) infants (1,500-1,000 g) and from 6.6% to 26.0% in extremely low birth weight (ELBW) infants
(<1,000 g) [4]. Neonatal invasive candidiasis is associated with high mortality, with an overall estimated rate
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of approximately 20%, with up to 50% in ELBW infants [5]. Benjamin et al. reported an overall mortality of
34% for ELBW infants with invasive candidiasis compared with 14% for ELBW infants without invasive
candidiasis [6]. Due to prolonged intensive care, premature infants are exposed to various risk factors for
IFIs, such as prolonged use of broad-spectrum antibiotics, immature immune system, central venous lines,
mechanical ventilation (MV), abdomen surgery, total parenteral nutrition, and inhibitors of gastric acidity
[7-10]. Candida albicans is the most common pathogen associated with neonatal fungal infections, and
Candida parapsilosis is the second most common yeast species isolated from bloodstream infections [11,12].
This study aimed to evaluate the epidemiological and clinical characteristics of IFIs in newborns and
determine the type of pathogens, risk factors, laboratory parameters, and the therapeutic approach to
infection.

Materials And Methods

This study was conducted at the NICU in the Pediatric Clinic, Clinical Centre of the University of Sarajevo
from January 2020 to December 2022. A total of 22 of 1,922 neonates were diagnosed with IFIs according to
clinical findings and positive cultures (blood, cerebrospinal fluid (CSF), and/or urine). All neonates with
diagnosed IFIs were included in the study. The exclusion criteria were the lack of confirmed IFIs. Clinical
data of the neonates were collected from medical histories, including gestational age, gender, birth weight,
perinatal conditions (delivery mode, premature rupture of membranes, antenatal corticosteroids), major
diseases, type of fungal isolate and the place of isolation, time of onset of infection, clinical findings,
laboratory findings, antifungal prophylaxis, antifungal therapy, broad-spectrum antibiotic therapy, clinical
interventions (MV, central venous lines, total parenteral nutrition) and operation sites, associated bacterial
sepsis, total duration of hospitalization, and clinical outcomes. The study was approved by the Ethics
Committee of Sarajevo University, Faculty of Medicine, Clinical Center University of Sarajevo (approval
number: 50-30-5-56/06/22).

Microbiology

Blood cultures were obtained from peripheral veins by sterile technique, CSF was obtained by lumbar
puncture, and urine by urethral catheterization. Urinary tract infection was defined as the growth of a single

organism at >10* CFU/mL in urine collected by catheterization. All cultures were monitored using an
automated culture system. Passages to blood agar and Sabouraud dextrose agar were performed.

Statistical analysis

The data were initially collected and entered into a Microsoft Excel 2017 (Microsoft Corp., Redmond, WA,
USA) master sheet. Absolute numbers and percentages were used to describe categorical data, while median
and interquartile range (IQR) were used to describe numerical data due to data distribution that deviated
from normal. The chi-square test or Fisher’s exact test was used to analyze differences in categorical
variables. The Mann-Whitney U-test and the Wilcoxon signed-rank test were used to analyze the differences
in numerical variables between the observed groups. P-values <0.05 were considered statistically
significant. Statistical analyses were performed using SPSS version 25.0 (IBM Corp., Armonk, NY, USA).

Results

A total of 1,922 neonates were admitted to the NICU between January 2020 and December 2022. During the
study period, we identified 22 (1.14%) neonates with IFIs, of whom 12 (54.5%) were female. The overall
incidence of IFIs over the three-year period was 11.5 per 1,000 NICU admissions annually, with the highest
incidence rate in 2021. (18.9 per 1,000 admissions) and the lowest incidence rate in 2020 (5.0 per 1,000
admissions). The median gestational age at birth was 30.5 weeks (range = 28-40 weeks). Early preterm
infants (25-34 weeks of gestation) were more common compared to term infants (37-40 weeks of gestation)
and late preterm infants (34+0 to 36+6 weeks of gestation) at 54.5%, 31.8%, and 13.6%, respectively. The
median birth weight was 1,372.5 g (range = 965-2,472.5 g). Most infants were ELBW (31.8%).

Candida spp. was the cause of IFIs in all 22 subjects. C. albicans was the most frequently isolated species
(54.5%), followed by Candida glabrata (27.3%), C. parapsilosis (27.3%), Candida lusitaniae (4.5%), and
unidentified Candida spp. (4.5%). In four cases, two types of Candida were identified simultaneously on the
same fungal culture (in two patients, C. glabrata with C. parapsilosis, and in the remaining, C. albicans with
C. parapsilosis and C. parapsilosis with C. lusitaniae).

The most common site of isolation of the pathogen was blood (86.4%), followed by urine (9.1%), and
abdominal drain (4.5%). The type of Candida that was present in urine and blood was present in other
samples (stool and urine) in 9.1% of patients. The median age at onset of IFIs was 20 days (range = 11-30.5
days). There was no statistically significant difference in the mean age at onset of IFIs between patients with
C. albicans and non-albicans Candida (p = 0.824). The rates of occurrence of the associated risk factors are
presented in Table 1.
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Risk factor Number of IFl cases, n (%)
Birth weight <1,500 g 12 (54.5)
Gestation age <28 weeks 7(31.8)
Central venous catheter 21 (95.5)
Mechanical ventilation 12 (54.5)
No antifungal prophylaxis 21 (95.5)
Antibiotic use 22 (100)
Underlying disease 21 (95.5)
Antenatal corticosteroid therapy 7(31.8)
Premature rupture of membranes 5(22.7)
Vaginal delivery 6 (27.3)

TABLE 1: Risk factors of associated with neonatal invasive fungal infections (IFls).

Birth weight <1,500 g was present in 54.5% of neonates, and gestational age <28 weeks in 31.8% of neonates.
Central venous catheter (CVC) was used in almost all patients (95.5%), and MV was used in 54.5% of
patients. Almost all of our cases were on parenteral nutrition (21/22), with partial enteral nutrition (22/22).
Only 4.5% of neonates received antifungal prophylaxis before the development of IFIs. All infants received
two or more broad-spectrum antibiotics by the time of IFI onset. The most commonly used antibiotics were
ampicillin (86.4%) and aminoglycosides (amikacin and gentamicin) (86.4%), vancomycin (81.8%) and
meropenem (81.8%), followed by metronidazole (18.2%), polypeptides (colistin) (13.6%), and first-
generation cephalosporins (cefazolin) (4.5%). The median total duration of antibiotic therapy by the time of
IFI onset was 14 days (range = 11-17 days).

The most common underlying disease in patients with IFI was respiratory distress syndrome

(54.5%). Associated bacterial sepsis was recorded in 12 (54.5%) cases, and Gram-negative rods were the most
common bacterial causative agents (n = 10), and the rest were gram-positive cocci (n = 2). The most
frequently recorded neurological diseases and conditions in our patients were intraventricular hemorrhage,
thalamostriate vasculopathy, hydrocephalus, and periventricular leukomalacia. A surgical procedure
preceding the IFI was performed in 10 (45.5%) patients, of which abdominal surgery was the most common
(27.3%). These surgical conditions included ileus, necrotizing enterocolitis with perforation, gastroschisis,
and volvulus.

On analyzing potential risk factors, we did not find statistically significant differences between patients
infected with C. albicans and non-albicans Candida, except in the case of MV, where patients with C. albicans
were significantly more likely to receive MV (Table 2).
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Risk factors

Mechanical ventilation

Surgery

Gestation age

Birth weight

Associated bacterial sepsis

n
No

%

n
Yes

%

n
Yes

%

n
No

%

n
Premature (<37 weeks)

%

n
Term newborn (237 weeks)

%

n
<1,500 g

%

n
>1,500 g

%

n
No

%

n
Yes

%

Candida albicans

3

30.0

80.0

55.6

54.5

57.1

50.0

50.0

62.5

66.7

45.5

Non-albicans Candida spp.

7

70.0

20.0

44.4

45.5

42.9

50.0

50.0

37.5

33.3

54.5

TABLE 2: Risk factors for Candida albicans vs. non-albicans Candida spp.

P-value

X2 =5.051, p=0.035

X2 =0.002, p = 0.658

x2 =0.087, p = 0.574

X2 =0.303, p = 0.465

X2 = 0.900, p = 0.406

In this analysis, the case with unidentified Candida spp. and the case with mixed C. albicans and non-
albicans Candida infection were excluded.

At the time of sampling the culture in which IFI was proven, almost all respondents, 95.5% (n = 21), were
symptomatic. Clinical findings were respiratory symptoms such as dyspnea, apnea, desaturation, fever,

worsening in general condition, pallor and marmorization, lethargy, and abdominal distension. In two cases,
multiple abscesses were present on ultrasound of the central nervous system. The median total duration of

hospitalization was 61.5 days (range = 35.75-86 days). We measured C-reactive protein (CRP), the number of
leukocytes (white blood cells), and platelets on admission to the NICU and compared them with those at the
time of isolation of the causative agent. There was a significant increase in the median CRP (4.6 vs. 71.6, p =

0.001), and a significant decrease in the median platelet count (234.5 vs. 119.0, p = 0.032) between
admission and isolation of the causative agent. There was no statistically significant difference in the
median number of leukocytes on admission compared to the isolation of the causative agent (p = 0.614)

(Table 5).
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Laboratory findings

C-reactive protein
White blood cells

Platelets

Median Mean

P-value
On admission At isolation On admission At isolation
4.6 71.6 244 + 442 92.2 +68.4 0.001
10.3 13.0 13.2+8.6 136+5.9 0.614
2345 119.0 230.7 £ 86.9 157.4 + 113.6 0.032

TABLE 3: Laboratory findings.

Fluconazole was the first-line antifungal therapy in all 22 patients. In three cases, the first-line antifungal
therapy had to be changed. Voriconazole was the definitive therapy in two cases, and amphotericin B in one
case. The median duration of antifungal therapy in survivors was 34.5 days (range = 24-40.5 days). Six
patients died during antifungal therapy (27.3%). Among the deceased patients, four were infected with C.
albicans, one with C. albicans and C. parapsilosis, and one with C. lusitaniae and C. parapsilosis. All deceased
patients were treated with fluconazole, and in one case, fluconazole was replaced with voriconazole. Five
patients died within 30 days of the onset of IFI. IFI directly contributed to the death of these patients.
Gender, maturity, birth weight, MV, associated bacterial sepsis, and surgery were not associated with better
or worse clinical outcomes (p > 0.05). The outcome of infants who received a single drug treatment was
73.7% recovery compared with infants whose antifungal therapy was switched wherein 66.7% had recovered.
The difference was not statistically significant (p = 0.636). In addition, 12 patients had persistent bacterial
sepsis, of whom four died. The overall outcome of infants with IFI was 72.7% recovery and 27.3% death.

Discussion

In recent years, IFIs have been an increasing problem in NICUs. The great progress of medicine in intensive
care has contributed to the increased survival of extremely premature infants but also to an increased
incidence of IFIs [4]. For these reasons, this study aimed to examine the epidemiological and clinical
characteristics of IFIs in the NICU of the Pediatric Clinic of the University Hospital of Sarajevo.

The most common cause of IFI in 22 subjects in this study was C. albicans (54.5%). Several studies agree with
our results that C. albicans is still the dominant cause of IFIs [9,13-15]. An increasing number of studies in
the last few years have reported an increased frequency of non-albicans Candida spp., and in some, non-
albicans Candida and/or C. parapsilosis have been shown to be the leading causes of IFIs in the NICU [16,17].
Although C. albicans was the dominant cause of IFIs in our research, we also observed a significant increase
in non-albicans Candida infections (among them both C. parapsilosis and C. glabrata), which increased from
zero cases in 2020 to five cases in 2021.

In this study, 86.4% of Candida spp. were isolated from blood. This is consistent with findings of similar
studies that reported candidemia as the most common finding in IFIs [18,19]. The median age at onset of IFIs
was 20 days, which is almost the same as that reported by Ishiwada et al. [14].

Observing the relationship between gender and the development of IFIs, a slight dominance of females was
observed compared to males at 12 vs. 10. In some studies, there was a slight dominance of males [16,20]. The
median gestational age and birth weight of newborns with IFIs in our study were 30.5 weeks and 1,372.5 g,
respectively, which is comparable to most other studies [12,15,17].

The incidence of IFIs varies significantly between centers and over the years, and the increase in incidence
has certainly been contributed by the increased survival rate of premature infants and advances in medical
technology and therapy, which predispose the development of IFIs in this vulnerable group. In our study, the
incidence varied over the years, with the highest at 18.9 per 1,000 admissions in 2021, and the lowest at 5.0
per 1,000 admissions in 2020. The overall incidence over a three-year period was 11.5 per 1,000 admissions
per year, which was similar to the incidence reported by Almazer et al. in a five-year study in Saudi Arabia
(9.9 per 1,000 admissions per year) [15]. A study conducted in Mexico showed a significantly lower incidence
of 2.27 per 1,000 live births [7], in contrast to a study in Panama, which reported a higher incidence (20 per
1,000 admissions per year) than that observed in our study [16]. Possible explanations for these
discrepancies include demographic differences, the development of clinical centers, and the irrational use of
broad-spectrum antibiotics.

The main risk factors for IFIs are long-term use of broad-spectrum antibiotics including third-generation
cephalosporins, CVC, MV, parenteral nutrition, immunological immaturity, and birth weight <1,500 g
[14,21]. We investigated the frequency of these established risk factors for IFI.

Exposure to broad-spectrum antibiotics, especially carbapenems, third-generation cephalosporins,
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vancomycin, and beta-lactamase inhibitors, is one of the major risk factors for the development of IFIs
among NICU patients [7,15,16,20]. In this study, all infants were exposed to broad-spectrum antibiotics by
the time of IFI onset, and the most commonly used antibiotics were aminoglycosides (86.4%), ampicillin
(86.4%), vancomycin (81.8%), and meropenem (81.8%).

CVC and parenteral nutrition are known risk factors for IFIs and were present in most patients in similar
studies [14,15,20]. In this study, CVC and parenteral nutrition were present in 21/22 patients (95.5%).

Antifungal prophylaxis with fluconazole is a protective factor against IFIs in NICU patients. Several studies
have shown that fluconazole prophylaxis reduced C. albicans and non-albicans Candida colonization,
reduced mortality, and improved outcomes in ELBW infants [22-24]. In this study, only one patient was on
fluconazole prophylaxis before the development of IFI. In a group of infants at high risk for IFIs, the
potential benefit of prophylaxis is clear, and its use in this group outweighs the concerns of antifungal
toxicity and possible resistance.

MV is another risk factor for the development of IFI, and the risk is proportionally related to its duration
[7,15]. In our study, invasive MV was also present in more than half of the subjects (54.5%).

Prematurity is recognized as the most common underlying condition among newborns with candidemia, and
the majority of newborns were VLBW or ELBW [21]. Capard Ingram et al. reported 31.3% of newborns with
gestational age <28 weeks and 67.9% of newborns with birth weight <1,500 g, which is similar to our results
of 31.8% in patients <28 weeks and 54.5% of birth weight <1,500 g [16].

Other risk factors such as corticosteroid therapy for the mother (7/22), vaginal delivery (6/22), and
premature rupture of the membranes (5/22) were recorded in <50% of cases with IFIs in our study, which
was also reported in a study conducted in Japan [14].

Underlying diseases without ELBW were present in 95.5% of our newborns, of which respiratory diseases
were the most prevalent with a prevalence of 54.5%, along with associated bacterial sepsis in 54.5%,
followed by neurological diseases in 50%. In the study by Hsu et al., similar to this study, the most prevalent
comorbid conditions were respiratory diseases at 53.1% [20]. Almazer et al reported neurological diseases as
the most common underlying diseases with a prevalence of 48.3% [15].

Bacterial infections exhaust the patient’s immune response, making them susceptible to secondary fungal
infections. In this study, bacterial sepsis was present in 12 (54.5%) patients, with Gram-negative rods as the
most common causative agents (n = 10), mainly Klebsiella, and the rest with Gram-positive cocci (n = 2). This
was even higher than what was reported by Chen et al. in Taiwan, where bacterial sepsis was observed in
10.1%, also with Gram-negative rods as the dominant causative agents, followed by Gram-positive cocci [12].
Another study found that neonates with IFIs had bacterial sepsis more frequently than controls (43.5% vs.
15.3%; p < 0.001), with Klebsiella pneumoniae being the most common causative agent [7].

Surgical interventions are another risk factor for the development of IFIs based on the disrupted skin and
epithelial barrier and the consequent penetration of pathogens into the bloodstream. Surgery before
diagnosis was the most common underlying disease in newborns, and abdominal surgery was the most
common site of surgery (26%) [9]. In our study, surgical procedures were also among the leading underlying
diseases (45.5%), with abdominal procedures being the most common (27.3%).

Longer NICU stays usually involve invasive procedures and their risk factors for IFI. The median total length
of hospital stay in this study was 61.5 days, and a similar finding was reported in an American study, where
the median total length of hospitalization of 63 days [9].

Analysis of potential risk factors found no statistically significant difference between patients infected with
C. albicans and non-albicans Candida, except in the case of MV, which was significantly more often used in
patients with C. albicans. The same results were reported by Lona-Reyes et al. [7].

Neonatal sepsis, especially IFI, is associated with certain laboratory findings. A study conducted in China
showed that the platelet count is an economical and effective predictor of IFI in premature infants and that

IFI should be suspected if the platelet count is <157 x 10%/L [25]. A statistically significant increase in the
median CRP and a significant decrease in the median platelet count were reported between admission and
isolation of the causative agent [15]. The same was recorded in our research.

Fluconazole remains the most commonly prescribed initial therapy for IFIs, followed by amphotericin B and
caspofungin [20,26]. Fluconazole was the first-line drug of choice in all of our patients with IFIs, and in three
cases, it had to be switched to voriconazole and amphotericin B. There was no statistically significant
difference in outcomes between infants who received a single drug throughout treatment compared with
infants in whom antifungal therapy had to be switched. The median duration of antifungal therapy in
survivors was 34.5 days, which is almost the same as in a study conducted in Japan (34 days) [14].
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We measured clinical outcomes as recovery and death. Gender, maturity, birth weight, MV, associated
bacterial sepsis, and surgery were not associated with better or worse clinical outcomes (p > 0.05), which was
also reported in a similar study [15].

In this study, mortality was significantly higher in C. albicans than in non-albicans Candida spp. However,
Ahangarkani et al. found a higher mortality rate in non-albicans Candida spp. [27]. In a multicenter study
conducted in Portugal, C. albicans was responsible for all deaths due to IFIs, and the reported zero mortality
rate for C. parapsilosis is consistent with the evidence that C. parapsilosis has a lower virulence and is less
invasive than C. albicans [11,28]. The fact that IFIs have a significant impact on mortality in the newborn
period was also shown by a multicenter European study, which reported significantly higher mortality rates
of candidemia among patients admitted to neonatal or pediatric intensive care units than to general and
other pediatric and children’s surgical wards [29].

IFIs are caused by pre-existing underlying diseases, non-specific symptoms, and often poor general
conditions. This explains why the disease is often suspected, diagnosed, and treated late in most cases,
leading to a high mortality rate. It is often questioned whether mortality is directly related to IFIs or the
disease for which the patient was primarily admitted to the NICU. The mortality rate attributable to
candidemia was reported by Chen et al. to be 24.2% [12]. In Japan, Ishiwada et al. reported a mortality rate of
17.4% [14]. A much higher mortality rate than the previously mentioned ones was recorded in Iran at 52%
[27]. In our study, the overall mortality rate was 27.3%.

There are several limitations of this study, such as the retrospective method of data collection, the small
sample size due to low incidence, the focus on one health center, and the policy of our institution according
to which we did not implement the prophylaxis of fungal infections.

Conclusions

This study showed that the frequency of IFIs in the NICU at the Pediatric Clinic, Clinical Center University of
Sarajevo in the examined period was 11.5 cases per 1,000 admissions per year. The overall mortality rate of
IFIs was 27.3% and was significantly higher in patients infected with C. albicans than with non-albicans
Candida species. The most important risk factors for IFIs in the NICU were long-term use of broad-spectrum
antibiotics, parenteral nutrition, CVC, MV, birth weight <1,500 g, and prematurity. Statistically significant
increases in CRP and a decrease in the number of platelets at the moment of isolation of the causative agent
were recorded compared to the values before the development of IFIs. Future studies should focus on
validating the Candida score and determining preventive interventions for IFIs in NICU patients.
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