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The present study investigates the predictive value of procalcitonin (PCT), 
C-reactive protein (CRP), presepsin (PRE-SEP) and soluble-triggering 
receptor, as expressed on myeloid cells (sTREM-1) levels in bloodstream 
infections in pediatric patients with febrile neutropenia. A total of 47 episodes 
of febrile neutropenia that developed in 30 children with malignancy were 
analyzed in this study, while the control group comprised 27 children who had 
undergone chemotherapy for malignancy (completed ≥2 years ago) without 
neutropenia, fever or drug use. Median PCT, CRP, PRE-SEP and sTREM-1 levels 
on admission were found to be significantly higher in the patient group than in 
the control group, while in the blood cultures, the microbiological agent was 
isolated in 13 (27.7%) of the 47 episodes. Median PCT and CRP levels on days 
1, 2 and 7 were higher in the blood culture-positive episodes than in the blood 
culture-negative episodes. There was no significant difference in the PRE-SEP 
and sTREM-1 levels on days 1, 2 and 7 between the blood culture-positive and 
blood culture-negative episodes. The results of the study suggest that PRE-
SEP and sTREM-1 are at measurable levels upon admission in children with 
febrile neutropenia, but that these markers may not be appropriate for the 
predicting of bloodstream infections, although CRP and PCT levels within the 
first 24 hours may serve as a guide for clinicians.

Key words: febrile neutropenia, procalcitonin, C-reactive protein, presepsin, soluble-
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Infectious complications in pediatric oncology 
patients are a major cause of morbidity and 
mortality.1 There have been many studies 
investigating the potential use of various 
biomarkers to differentiate between patients 
at high-risk of bacteremia or severe bacterial 
infection during febrile neutropenia episodes.2

CD14 is a receptor for the lipopolysaccharide-
lipopolysaccharide binding protein that 
can be found on the surfaces of monocytes, 

macrophages and, in lesser amounts 
neutrophils. Presepsin (PRE-SEP) is soluble 
form of CD14.3-5 When a pro-inflammatory 
cascade is activated against infectious agents, 
it is released following phagocytosis or 
released into circulation by breakdown of 
CD14 via the proteolytic pathway.4,5 Its high 
specificity for bacterial infections is one of 
its most important characteristics.6 Several 
studies have shown that PRE-SEP is superior 
to procalcitonin (PCT) and C-reactive protein 
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(CRP) in diagnosing sepsis.4 Its role in febrile 
neutropenic patients, however, has not been 
well-established and there is little  data on 
febrile neutropenic children.

The triggering receptor expressed on myeloid 
cells (TREM-1) plays a role in the regulation 
of natural immunity and signals induced by 
Toll-like receptors.7 An increased expression 
of soluble-triggering receptor is expressed on 
myeloid cell (sTREM-1) in bacterial and fungal 
infections,8 and in addition, sepsis induces 
sTREM-1, which can be detected in biological 
fluids.7 sTREM-1 has been designated as 
a potentially effective marker in bacterial 
infections,9 although there is, however, only 
limited data on the role of sTREM-1 in the 
diagnosis and follow-up of sepsis in pediatric 
patients.

Although several studies have reported the 
superiority of PCT over CRP in predicting 
bacterial infections and a poor clinical course 
in pediatric patients, the data reported in the 
literature is conflicting.10-12 For many years, 
CRP has been used as a marker of sepsis in 
pediatric patients, however it has only limited 
specificity.2 The accuracy of CRP alone in 
predicting severe bacterial infections (i.e., 
sepsis, severe sepsis) in febrile neutropenic 
children has been found to be lower than 
other markers, such as interleukin (IL)-6 and 
PCT.13 Despite extensive efforts, there is no 
widely accepted means of identifying patients 
at high-risk of bacterial infections in febrile 
neutropenia. 

In the present study, we investigate the 
predictive value of PCT, CRP, PRE-SEP and 
sTREM-1 levels in bloodstream infections in 
pediatric patients with febrile neutropenia. 

Material and Methods

A total of 44 children who underwent 
chemotherapy due to hematological or solid 
organ malignancy between December 2015 
and February 2016 were included in the study.

Febrile neutropenia diagnosed in the event 
of axillary temperature measuring >38ºC on 
one occasion or >37.5ºC for at least one hour 
in patients with an absolute neutrophil count 
(ANC) of <0.5x109/L, or who had an ANC of 
between 0.5 and 1x109/L, and whose ANC was 
expected to decrease below 0.5x109/L within 
24–48 hours.14 Data on the age and sex of 
the participants, vital signs, duration of fever, 
blood count parameters, physical examination 
findings and culture results was obtained from 
medical charts. Febrile neutropenia episodes 
were classified into two groups, depending on 
the isolation of the microbiological agent from 
the blood culture. Irrespective of the infectious 
foci, episodes in which a microbiologic agent 
was isolated from the blood culture were 
defined as culture-positive episodes (i.e., 
bacteria or fungi), while episodes in which 
no microbiologic agent was isolated were 
defined as culture-negative episodes. The 
presence of sepsis was clinically defined as the 
cardiac apex beat and respiratory rate being 
>2 standard deviation (SD) according to 
age.15 The control group was composed of 27 
children who were in remission and who had 
completed chemotherapy at least two years 
prior to the study, and who had no neutropenia, 
infection or drug use. The study was approved 
by the ethics committee (ethic approval 
no: 80558721/04), and was conducted in 
accordance with the principles of Helsinki. 
Written informed consent was obtained from 
the legal guardians of the participant children.

Exclusion criteria

Those who showed no signs of disease 
remission in the bone marrow (n=2) and those 
who received a granulocyte colony-stimulating 
factor (G-CSF) or antibiotics at the onset of 
febrile neutropenia episodes (n=5) were 
excluded from the study. Furthermore, two 
patients refused to participate, and laboratory 
analyses were missing for five more, and so 
they were excluded from the final analysis. A 
flow diagram is presented in Figure 1.
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Fig. 1.  Recruitment diagram for study.

Sampling and laboratory analysis

Each patient provided three blood samples, 
the first within 24 hours of admission (day 
1), the second between 24 and 48 hours (day 
2), and the third on day 7. Only one blood 
sample was obtained from the control group. 
The blood samples were collected from a 
peripheral vein into vacutainers containing 
ethylenediaminetetraacetic acid (EDTA) and 
gel tubes. The complete blood count was 
analyzed using an automated cell counter 
(Beckman Coulter Gen-S SM, USA), while 
PCT concentrations were measured using 
an electrochemiluminescence immunoassay 
(ECLIA) using a Cobas e411 device (Roche 
Diagnostics, Mannheim, Germany). The lower 
detection limit of this method was ≤0.02 ng/
mL and the inter-assay coefficient of variability 
(CV) was 2.1 percent. CRP levels were 
measured using the nephelometric method 
using a Siemens BNII (Healthcare, Munich, 
Germany) auto-analyzer.

For the PRE-SEP and sTREM-1 measurements, 
serum samples were separated from the cells 
by centrifugation at 2,000xg for 10 min, 
and the samples were stored at -80ºC until 
analysis. Serum PRE-SEP and sTREM-1 
levels were measured using enzyme-linked 
immunosorbent assays (ELISA) using a 
VICTOR X3 Perkinelmer ELISA device 
(Perkin Elmer,Waltham, MA, USA). SunRed 
(Shanghai, China) brand kits were used 

for PRE-SEP measurement, and a Cusabio 
(Wuhan, China) brand kit was used for 
sTREM-1 measurement. The lower detection 
limit for the measurement of PRE-SEP was 
0.03mg/L, the intra-assay CV was <8 percent, 
and the inter-assay CV was <10 percent. The 
lower detection limit for the measurement of 
sTREM-1 was 31.25 pg/mL with <8 percent 
intra-assay CV and a <10 percent inter-assay 
CV.

Statistical analysis

The statistical analysis was carried out using 
SPSS version 21.0 statistical software (IBM 
Corp., Armonk, NY, USA). Descriptive 
statistics were expressed as mean±SD for 
normally distributed variables, and in the 
median and interquartile range for other 
variables. Categorical data was compared 
using a Chi-square test, and a Kolmogorov-
Smirnov test was used to analyze the normality 
of distribution for continuous variables. 
Normally distributed continuous variables 
were compared using an independent t-test, 
while a Mann-Whitney U-test was used to 
compare abnormally distributed variables. 
To identify the relationship between two 
variables, a Spearman’s correlation coefficient 
was calculated, and to evaluate whether serum 
PCT, CRP, PRE-SEP and sTREM-1 levels could 
be used to accurately diagnose bloodstream 
infections, receiver operating characteristic 
(ROC) curves were used. Differences were 
considered statistically significant when P 
values <0.05. 

Results

A total of 47 febrile neutropenic episodes 
of 30 patients were included in the present 
study. Seventeen patients (56.6%) had acute 
lymphoblastic leukemia, five (16.6%) had 
non-Hodgkin lymphoma, two 6.7%) had acute 
myeloid leukemia, two (6.7%) had Hodgkin’s 
lymphoma, two (6.7%) had a Burkitt leukemia, 
and two (6.7%) had Wilms tumors. A bacterial 
or fungal agent was identified from positive 
blood cultures in 13 of the 47 (27.7%) febrile 
neutropenic episodes, Methicillin-resistant 
coagulase-negative Staphylococcus aureus was 
isolated in two of the 13 cultures, coagulase-
negative Staphylococcus aureus in three 
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cultures, Escherichia coli in two cultures, 
Klebsiella pneumonia in two cultures, 
Pseudomonas aeuriginosa in one culture, 
Acromobacter dentrificans in one culture, 
Geotrichum capitatum in one culture, Candida 
crusei in one culture and Candida parapsilosis 
in one culture. Of the total, 34 (72.3%) of the 
febrile neutropenia episodes were culture-
negative. 

Of the patients, 17 were boys and 13 were girls, 
with a mean age of 8.60±0.83 years. Of the 
patients in the control group, 12 were boys and 
15 were girls, with a mean age of 8.30±0.56 
years. The distribution of age and sex was 
similar between the patient and control groups 
(p>0.05 for both). The median leucoyte and 
neutrophil count were significantly lower than 
in the control group (p<0.001 for both).  The 
median PCT, CRP, PRE-SEP and sTREM-1 
levels of the study patients were at the onset of 
febrile neutropenia episodes were significantly 
higher than the values in the control group  
(p<0.001, p<0.001, p<0.05, p=0.001, 
respectively) (Table I). 

CRP values in the culture-positive episodes on 
days 1, 2 and 7 were significantly higher than 
culture-negative episodes (p<0.01, p=0.001, 
p<0.05, respectively). In addition, PCT values 
in culture-positive episodes on days 1, 2 and 
7 were significantly higher than culture-
negative episodes (p<0.05 for each). There 
was no significant difference between the 
culture-positive and culture-negative episodes 

in terms of PRE-SEP  and sTREM-1 levels on 
days 1, 2 and 7 (p>0.05, for each). The median 
duration of fever was significantly longer in 
the culture-positive episodes when compared 
to the culture negative episodes (p<0.05) 
(Table II).

There were clinical findings of sepsis in seven 
of the 13 culture-positive episodes. The 
median CRP  and PCT values on days 2 and 
7 in episodes showing signs of sepsis were 
significantly higher than the values in episodes 
showing no signs of sepsis (p<0.05 for each; 
and  p<0.05, p<0.01 respectively). The median 
sTREM-1 levels of patients showing signs of 
sepsis  on days 1, 2 and 7 were higher than the 
values in patients showing no signs of sepsis, 
although the difference was not statistically 
significant (p>0.05, for each). There was also 
no difference between the two groups with 
respect to PRE-SEP levels (p>0.05, for each) 
(Table III).

The ROC was used to determine cut-off values 
for CRP, PCT, PRE-SEP and sTREM-1.  The 
cut-off value for PCT was 0.5 ng/mL on days 
1 and 7, and 0.25 ng/mL on day 2. The cut-off 
value for CRP was 2.5 mg/dl on day 1, 4 mg/dl 
on day 2, and 7 mg/dl on day 7 (Table IV). No 
sensitivity or specificity values were provided 
for PRE-SEP and sTREM-1, as they had a low 
power in the differentiation of culture-positive 
from culture negative episodes. The ROC 
curves for CRP and PCT are shown in Figure 2.

Table I. Clinical Characteristics and Laboratory Parameters of the Patients and the Control Group.

Patient group
(n=30)

Control group
(n=27) p

Age (years) 8.6 ± 0.83 8.30 ± 0.56 >0.05

Sex (Female/Male) 13/17 15/12 >0.05

Leukocyte count (×109/L) 1.0 (0.4-1.5) 4.3 (2.6-6.3) <0.001

Neutrophil count (×109/L) 0.1 (0-0.5) 2.4 (1.5-3.1) <0.001

PCT (ng/ml) 0.29 (0.13-0.80) 0.07 (0.04-0.08) <0.001

CRP (mg/dl) 3.0 (0.5-7.39) 0.34 (0.30-0.46) <0.001

PRE-SEP (mg/L) 0.79 (0.43-1.86) 0.44 (0.17-1.59) 0.034

sTREM-1 (pg/ml) 36.59 (6.74-8.16) 4.18 (2.21-18.09) 0.001

CRP: C-reactive protein, PRE-SEP:Presepsin, PCT:Procalcitonin, sTREM-1: Soluble-triggering receptor expressed on 
myeloid cell
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Table II. Laboratory Parameters and Duration of Fever in Culture-Positive and Culture-Negative Episodes 
on Days 1, 2, and 7.

Culture-positive
(n=13)

Culture-negative
(n=34) p

Leukocyte count (Day 1) 0.6 (0.25-1.15) 1.15 (0.6-1.52) <0.05

Leukocyte count (Day 2) 0.5 (0.3-1.0) 1.1 (0.57-1.72) <0.05

Leukocyte count (Day 7) 1.3 (0.5-6.75) 2.3 (1.35-4.5) >0.05

Neutrophil count (Day 1) 0.1 (0-0.2) 200 (0-625) >0.05

Neutrophil count (Day 2) 0.1 (0-0.15) 0.15 (0-0.65) >0.05

Neutrophil count (Day 7) 1.0 (0.1-4.35) 0.9 (0.30-1.92) >0.05

CRP (Day 1) 6.79 (2.87-17.0) 1.91 (0.36-5.51) <0.01

CRP (Day 2) 12.0 (5.31-16.50) 2.94 (0.84-7.51) 0.001

CRP (Day 7) 11.30 (0.76-32.80) 0.79 (0.34-3.48) 0.011

Procalcitonin (Day 1) 0.60 (0.25-2.24) 0.21 (0.11-0.45) 0.021

Procalcitonin (Day 2) 0.62 (0.30-2.90) 0.20 (0.13-0.89) 0.044

Procalcitonin (Day 7) 0.57 (0.14-15.0) 0.18 (0.09-0.41) 0.034

Presepsin (Day 1) 0.67 (0.39-1.72) 0.85 (0.44-2.18) >0.05

Presepsin (Day 2) 0.98 (0.39-5.06) 0.76 (0.55-2.27) >0.05

Presepsin (Day 7) 1.67 (0.91-3.70) 0.93 (0.33-2.18) >0.05

sTREM-1 (Day 1) 50.89 (8.65-81.56 33.43 (2.38-69.23) >0.05

sTREM-1 (Day 2) 47.57 (6.19-140.26) 30.29 (3.83-86.04) >0.05

sTREM-1 (Day 7) 14.84 (3.93-98.80) 17.68 (2.56-105.41) >0.05

Duration of fever (hour) 96 (32-240) 48 (14.75-72) <0.05

CRP: C-reactive protein, PRE-SEP:Presepsin, sTREM-1: Soluble-triggering receptor expressed on myeloid cell

Table III. Laboratory Parameters in Episodes With or Without Signs of Sepsis.

Sepsis (+)
(n=7)

Sepsis (-)
(n=6) p

CRP (Day 1) 19.5 (6.86-27.75) 3.96 (0.6-9.04) >0.05

CRP (Day 2) 15.45 (7.61-17.0) 6.63 (3.57-11.70)       0.041

CRP (Day 7) 17.5 (5.01-28.95) 1.67 (0.45-9.25) 0.015

PCT (Day 1) 0.80 (0.5-1.6) 0.25 (0.09-1.8) >0.05

PCT (Day 2) 0.66 (0.60-5.72) 0.30 (0.12-1.03) 0.022

PCT (Day 7) 15.0 (2.39-80.25) 0.15 (0.08-0.35) <0.01

PRE-SEP (Day 1) 0.32 (0.25-0.52) 1.11 (0.52-2.14) >0.05

PRE-SEP (Day 2) 0.70 (0.32-3.78) 1.14 (0.25-6.35) >0.05

PRE-SEP (Day 7) 2.08 (0.84-4.39) 1.37 (0.35-3.03) >0.05

sTREM-1 (Day 1) 165.15 (22.77-429.90) 5.26 (1.30-15,63) >0.05

sTREM-1 (Day 2) 136.27 (26.19-210.86) 29.76 (1.30-59.60) >0.05

sTREM-1 (Day 7) 104.84 (6.57-420.09) 15.80 (2.83-79.20) >0.05

CRP: C-reactive protein, PRE-SEP:Presepsin, sTREM-1: Soluble-triggering receptor expressed on myeloid cell
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Fig. 2A. Receiver operating characteristic (ROC) 
curves of serum levels of CRP.

Fig. 2B. Receiver operating characteristic (ROC) 
curves of serum levels of PCT.

A negative correlation was noted between 
the neutrophil count and CRP and PRE-SEP 
values on day 1 (r:-0.398,p=0.006 and r:-
.389, p=0.008), a positive correlation was 
noted between neutrophil count and sTREM-1 
(r:0.418, p=0.004), a positive correlation 
was noted between CRP and PCT (r:+0.524, 
p<0.001), and a negative correlation was 
noted between PRE-SEP and sTREM-1 (r:-
0.345, p=0.020). 

A negative correlation was noted between 
neutrophil count and CRP on day 2 (r:-0.404, 
p=0.006), a positive correlation was noted 
between CRP and PCT (r:+0.559, p<0.001), 
and a positive correlation was noted between 
PCT and sTREM-1 (r:+0.348, p=0.019). A 
positive correlation was noted between CRP 
and PCT on day 7 (r: +0.497, p=0.001) and 
a positive correlation was noted between CRP 
and PRE-SEP (r: +0.492, p=0.001).

Discussion

Early diagnosis and the appropriate treatment 
of infections significantly affects the prognosis 
of patients with febrile neutropenia. Culture 
analyses are considered to be the optimum 
method in the diagnosis of infections,11 
although the likelihood of demonstrating a 
causative agent is low, and it takes long time 
to obtain culture results.1 Diagnostic tests are 
required for the swift diagnosis of fever of 
infectious origin, and there are ongoing studies 
investigating the use of various markers. In 
the present study, we found that CRP and PCT 
were useful markers in predicting bloodstream 
infections in pediatric patients with febrile 
neutropenia, although PRE-SEP and sTREM-1 
proved to be of low significance. 

Literature contains a limited number of 
studies on this subject, as there are concerns 
that PRE-SEP levels cannot be measured or 
may give false-negative results in patients with 
hematological malignancies, since high doses 
of chemotherapy induce severe cytopenia, 
including CD14-expressing neutrophils and 
monocytes. Previous studies have yielded 
various results. Ebihara et al.16 found that PRE-
SEP could be of low diagnostic significance 
in neutropenic patients, and Koizumi et al.6 
showed that the cut-off levels for PRE-SEP 

Table IV. Sensitivity and Specificity for CRP and PCT on Days 1,2 and 7 to Distinguish Culture Positive 
Episodes From Culture Negative Episodes.

CRP PCT

Cut-off AUC(%95CI) Sensitivity Spesificity Cut-off AUC(%95CI) Sensitivity Spesificity

Day 1 2.5 0.758 84.6 55.9 0.5 0.722 61.54 89.41

Day 2 4 0.807 92.31 47.1 0.25 0.691 84.62 55.88

Day 7 7 0.742 61.54 85.29 0.5 0.700 53.85 85.29

CRP: C-reactive protein, PCT: Procalcitonin
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in gram-negative bacteremia were higher 
than the cut-off levels at the onset of febrile 
neutropenia. Maurice et al.17 identified a 
positive correlation between the severity of 
sepsis and PRE-SEP levels, and that PRE-SEP 
was more specific than CRP in identifying 
sepsis, while Koh et al.18 reported that PRE-
SEP was a more sensitive marker of bacterial 
infection, than PCT, although the ability of 
PRE-SEP in differentiating septic shock from 
other conditions was lower than PCT. 

Furthermore, in two studies in literature 
involving pediatric patients with febrile 
neutropenia, Urbonas et al.19 reported no 
significant difference in the PRE-SEP levels 
of pediatric patients with bacteremia and 
febrile neutropenia and patients with fever 
of unknown origin; while in a study by Olad 
et al.,20 no difference was noted in the PRE-
SEP levels of culture-positive and culture-
negative episodes, while increased PRE-SEP 
levels were found to be correlated with the 
severity of infection. In the present study, we 
were able to measure the PRE-SEP levels in 
all children, despite severe neutropenia, and 
the PRE-SEP levels in the patient group were 
found to be significantly higher than in the 
control group. This finding may support the 
hypothesis that PRE-SEP is released primarily 
from monocytes rather than neutrophils, and 
that the production of PRE-SEP in tissue 
macrophages plays an important role in the 
maintenance of plasma PRE-SEP levels.6,21 On 
the other hand, the present study was unable 
to identify a relationship between PRE-SEP 
levels and severity of infection. Although the 
PRE-SEP levels slightly increased in repeated 
measurements in patients with the signs of 
sepsis, no statistically significant difference 
was identified between patients with and 
without signs of sepsis. The lack of difference 
in the PRE-SEP levels of culture-positive and 
culture-negative episodes may be related 
to severe neutropenia, decreased monocyte 
count, and also a decreased phagocytosis of 
the pathogenic agents and, thus, suppression 
of PRE-SEP production. 

There is a lack of consensus on the value of 
sTREM-1 in predicting bacterial infections.22,23 
There is an increasing body of evidence 
showing increased sTREM levels in biological 

fluids in the absence of an infection,24 while 
in a review study by Baraud et al.,24 increased 
levels were reported in non-infectious 
inflammatory diseases, such as acute 
pancreatitis, inflammatory bowel disease, 
vasculitis and auto-immune diseases. Studies 
including adult patients tended to suggest a 
possible relationship between clinical course 
and sTREM-1 levels. Gibot et al.22 reported 
lower sTREM-1 levels upon admission in adult 
non-survivors from sepsis when compared 
to survivors, whereas the sTREM-1 levels 
remained stable or increased in patients who 
survived for two weeks. In contrast, Jeong 
et al.25 found higher sTREM-1 levels in non-
survivors both upon admission and during 
follow-up, and Kwofie et al.26 also showed 
increased sTREM-1 levels in parallel to the 
increasing severity of the clinical condition, 
despite severe neutropenia in adults with 
febrile neutropenia. Furthermore, two studies 
including pediatric patients with febrile 
neutropenia yielded controversial results: 
Miedema et al.27 suggested that sTREM-1 levels 
were below the detectable limit in the majority 
of the patients, and concluded that sTREM-1 
was not a useful marker for predicting bacterial 
infections; while Arzanian et al.28 reported 
that sTREM-1 showed a high sensitivity 
(85%) and specificity (98%) in predicting 
bloodstream infections. In the present study, 
we were able to measure PRE-SEP and 
sTREM-1 levels, despite severe neutropenia, 
and the sTREM-1 levels in the patients were 
found to be higher than in the control group. 
However, there was no significant difference 
in the sTREM-1 levels of the patients with 
(culture-positive) and without (culture-
negative) bloodstream infections on days 1, 2 
and 7. In addition, the ROC curve revealed a 
low power in differentiating between patients 
with infections. This finding leads us to 
suggest that sTREM-1 levels have little value 
in predicting bloodstream infections. On the 
other hand, despite the lack of statistical 
significance, the remarkably higher median 
sTREM-1 levels in patients with clinical signs 
of sepsis suggest that the sTREM-1 may be 
a potential marker for the prediction of the 
clinical course. These results, however, should 
be further investigated in more comprehensive 
studies. 



Özdemir ZC, et al366 The Turkish Journal of Pediatrics • May-June 2019

PCT has been suggested as a marker with a 
higher specificity than CRP in differentiating 
between fever caused by infections from those 
of unknown origin in patients with febrile 
neutropenia.29 Urbonas et al.19 demonstrated 
the diagnostic value of PCT in bacteremia 
or sepsis in pediatric patients with febrile 
neutropenia. However in a review of infants, 
children and adolescents conducted by Sakr 
et al.,12 the authors failed to identify the 
actual role of PCT in febrile neutropenia. Lin 
et al.,30 on the other hand, showed that CRP 
and PCT were comparable in terms of their 
diagnostic accuracy in detecting bacterial 
sepsis in children with febrile neutropenia. A 
meta-analysis reported that studies including 
pediatric patients were heterogeneous in terms 
of sample size and methodology, indicating 
the need for further studies investigating 
the utility of PCT.29 In the present study 
population, the PCT and CRP levels in 
patients with bloodstream infections were 
higher on days 1, 2 and 7 than those without 
bloodstream infections, while these sensitivity 
and specificity values within the first 24 hours 
were high. These results suggest that PCT 
and CRP may be useful markers in predicting 
infections, and one may not be superior to the 
other. 

There are some limitations to this study that 
should be noted. First, the sample size was 
small, and febrile neutropenia episodes were 
not analyzed by classifying them according 
to the focus of infection. Second, although 
the present study aimed to evaluate whether 
better results could be obtained in predicting 
infections by combining CRP and PCT 
measurements with PRE-SEP and sTREM-1, 
no further evaluation was able to be made, 
as the PRE-SEP and sTREM-1 showed a low 
power in differentiating between patients with 
infections. 

In conclusion, despite severe neutropenia, 
both PRE-SEP and sTREM-1 are secreted in 
sufficient amounts in children with febrile 
neutropenia, but PRE-SEP and sTREM-1 
lack sufficient diagnostic power to predict 
patients with bloodstream infections. On the 
other hand, CRP and PCT levels measured 
within the first 24 hours may guide treatment. 
Finally, although the present study failed to 

reach statistical significance, sTREM-1 levels 
can be considered a potential marker of clinical 
course. 
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