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ARTICLE INFO ABSTRACT

Keywords: The aim of this study is to systematically compare the performance of C-reactive protein (CRP), procalcitonin
C-reactive protein (PCT) and serum cytokines in identifying pediatric cancer patients with high-risk infection. A prospective ob-
Procalcitonin servational study was performed from January 2014 through December 2016. Consecutive pediatric cancer
Interleukin

patients who experienced febrile illness during hospitalization were enrolled. The CRP, PCT, interleukin (IL)-6,
IL-10, tumor necrosis factor (TNF)-a and interferon (IFN)-y were determined within 6 h of fever onset. A total of
3118 episodes of febrile illness were included, with 13.1% episodes documented as bloodstream infection (BSI)
and 3.5% diagnosed as septic shock. Patients with BSI presented much higher levels of PCT, IL-6, IL-10 and TNF-
a than patients with other types of fever and have much higher incidence of septic shock (11.2% vs. 2.3%,
P < 0.001). IL-6 and IL-10 showed better performance in identifying patients with gram-negative bacteremia
(GNB) and septic shock than CRP and PCT, respectively. The area under the curve (AUCs) of receiver operating
characteristic (ROC) curve for septic shock prediction were 0.65, 0.78, 0.89 and 0.87 for CRP, PCT, IL-6 and IL-
10, respectively. Furthermore, elevation of IL-6 and IL-10 were strongly associated with the development of GNB
and septic shock. Our results indicate that BSI, especially GNB, is a high-risk form of infection which results in
high incidence of septic shock. IL-6 and IL-10 performance better than CRP and PCT in identifying patients with
high-risk febrile illness.

Bloodstream infection
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1. Introduction

In recent decades, the outcome of pediatric cancer patients has been
greatly improved, with up to 80% of cases having a favorable result [1].
However, intensive chemotherapy and immunosuppression make these
patients more susceptible to infection, which has become one of the
leading causes of mortality in this population [2].

Early identification of infectious pathogens and disease severity are
essential to start timely and effective treatment and to prevent avoid-
able deaths in patients with sepsis, especially septic shock [3], high-
lighting the need for early and reliable diagnostic biomarkers for severe
infection. C-reactive protein (CRP) is routinely used biomarker for in-
fection evaluation, however, its level rises relatively slowly in cases of

infection and consequently has a low initial diagnostic accuracy [4].
Procalcitonin (PCT) is widely reported as a useful biochemical marker
to differentiate sepsis and non-sepsis inflammatory response and to
predict severe infection [5,6]. It has become an important parameter to
guide the discontinuation of antibiotic treatment in patients with pre-
sumed sepsis and even critically ill patients [7,8]. Interleukin (IL)-6 is
another important mediator of the acute phase reaction in response to
inflammation in sepsis, which is closely related to the severity and
organ failure [9]. Furthermore, IL-10, TNF-a and IFN-y are considered
to be helpful inflammatory biomarkers as well in our previous study
and others [10-13]. For example, IL-10 is a very helpful biomarker to
predict gram-negative bacteremia (GNB) in pediatric hematology/on-
cology patients with septic shock [11]. A pediatric multiple cytokine

Abbreviations: CRP, C-reactive protein; PCT, procalcitonin; IL, interleukin; TNF-a, tumor necrosis factor-a; IFN-y, interferon-y; BSI, bloodstream infection; GNB,
gram-negative bacteremia; GPB, gram-positive bacteremia; FUO, fever of unknown origin

* Corresponding author at: Division of Hematology-oncology, Children’s Hospital of Zhejiang University School of Medicine, Key Laboratory of Reproductive
Genetics (Zhejiang University), Ministry of Education, Hangzhou 310003, PR China.

E-mail address: Y M_TANG@zju.edu.cn (Y.-M. Tang).
! The two authors contributed equally to this work.

https://doi.org/10.1016/j.cyt0.2019.01.004

Received 20 August 2018; Received in revised form 13 December 2018; Accepted 3 January 2019

Available online 23 January 2019
1043-4666/ © 2019 Elsevier Ltd. All rights reserved.


http://www.sciencedirect.com/science/journal/10434666
https://www.elsevier.com/locate/cytokine
https://doi.org/10.1016/j.cyto.2019.01.004
https://doi.org/10.1016/j.cyto.2019.01.004
mailto:Y_M_TANG@zju.edu.cn
https://doi.org/10.1016/j.cyto.2019.01.004
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cyto.2019.01.004&domain=pdf

X.-J. Xu et al.

score which integrating IL-6, IL-10, TNF-a and IFN-y was an in-
dependent predictive factor for fatal outcome in these patients, pre-
senting similar discriminative power with pediatric index of mortality 2
scoring system [10]. There are many clinical studies focusing on their
values for discriminating different causes of systematic inflammation
and disease severity, however, the conclusions are controversial
[14,15]. Such heterogeneity may be partially related to the difference
of underlying diseases and age of the population. On the other hand,
many studies have not yielded solid conclusions possibly due to their
small sample sizes.

We conducted studies on the role of quick cytokine profile de-
termination by flow cytometry in pediatric hematology/oncology pa-
tients who experienced febrile illness since 2005 and more than
100,000 samples from pediatric patients with variety of febrile diseases.
PCT was added to be a reference biomarker for these patients from
2011. In our retrospective analysis, we found that PCT was not as ef-
fective as IL-6 and IL-10 in predicting infection and disease severity
[12]. However, as the retrospective nature, selective bias (many pa-
tients had cytokine data but did not have PCT data) and the different
time we took PCT and cytokine samples in many patients made the
results not solid enough. Thus, we conducted a prospective observa-
tional study from January 2014 in our department. Herein we collected
the data from 2014 to 2016 and systematically compare the perfor-
mance of PCT and inflammatory cytokines (IL-6, IL-10, tumor necrosis
factor (TNF)-a and interferon (IFN)-y) in discriminating various types
of infection and their severity, aiming to find out useful inflammatory
biomarkers to identify pediatric cancer patients with fever at high-risk
to develop septic shock and death.

2. Patients and methods
2.1. Patients and definitions

This was a prospective observational study conducted from January
2014 through December 2016 in the Division of Hematology/Oncology,
Children’s Hospital of Zhejiang University School of Medicine. This
study was approved by the Medical Ethics Committee of our hospital.
Fever was defined as one ear temperature reading higher than 38.5°C
or at least two measurements of higher than 38.0 °C within 24 h. For
every febrile illness, patients’ blood samples were taken for CRP, PCT,
Th1/Th2 cytokine (including IL-6, IL-10, TNF-a and IFN-y) and mi-
crobiological analyses at the first time when the body temperature
higher than 38.0 °C or when the patients were admitted into the de-
partment. Patients who had been treated with antibiotics before the
blood sample taken were excluded. Urine, stool, sputum or specimens
from other body regions were also taken for culture if relevant infection
was suspected. The patients were undertaken chest radiography and/or
CT scanning when the fever had not been controlled within 48 h, and
laboratory evidences of viral and fungal infections were determined as
well. Abdominal ultrasound was performed to exclude abdominal in-
fection if necessary.

The febrile illnesses were assigned to the following groups based on
the sources of infection: bloodstream infection (BSI), upper respiratory
tract infection (URTI) and bronchitis, pneumonia, oral cavity infection,
gastrointestinal tract infection, skin and soft tissue infection, geni-
tourinary infection, central nervous system (CNS) infection, viral in-
fection and fever of unknown origin (FUO). BSI was documented by
microbiological culture. When coagulase-negative staphylococci were
reported, they were considered as pathogens only when two samples
from two different sites showed the same result or the same result re-
ported from a repeated culture. URTI included the infection of nasal
cavity, pharynx, and larynx. Pneumonia was diagnosed based on
symptoms and signs of lung infection and (or) a new pulmonary in-
filtrate on the chest radiograph. Oral cavity infection refers to the
dental infection and other infections including the lips, buccal mucosa,
floor of the mouth and tongue. Gastrointestinal tract infection mainly
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refers to gastroenteritis, enteritis, appendicitis and other abdominal
infections. CNS infection refers to bacterial or viral meningitis, en-
cephalitis. Viral infection mainly referenced to viruses caused sys-
tematic symptoms, such as Epstein-Barr virus, herpes virus and influ-
enza virus, while respiratory or gastrointestinal diseases caused by virus
were not categorized into viral infection group. FUO was defined if no
microbiological, radiological or clinical related evidence could be
identified in patients with fever. Septic shock was defined as sepsis with
cardiovascular organ dysfunction characterized by arterial hypotension
with signs of decreased perfusion (decrease in blood pressure less than
5th percentile for age or systolic blood pressure less than 2 SD below
normal for age) [16].

2.2. Determination of serum cytokines and PCT

Blood samples were taken at the onset of fever. Determination of IL-
6, IL-10, TNF-a and IFN-y was performed by flow cytometry with a
commercially available cytometric bead array (CBA) Human Th1/Th2
Cytokine Kit II[17]. The low and upper limits of detection were 1.0 pg/
mL and 5000 pg/mL for each cytokine, respectively. For values higher
than 5000 pg/mL, 5000 pg/mL was used in the statistical analysis. CRP
was measured with QuikRead go, a new generation of POCT testing
system designed and developed by Orion Diagnostica (detection limit
1.0 mg/L and 180 mg/L). PCT was detected with Roche e411 electro-
chemical luminescence immunity analyzer with a detection limit of
0.02 ng/mL. The upper limit of normal reference range for PCT, IL-6, IL-
10, TNF-a and IFN-y were 0.40 ng/mL, 16.6 pg/mL, 4.9 pg/mL, 5.2 pg/
mL and 17.3 pg/mL, respectively.

2.3. Statistical analysis

Categorical variables were compared between groups with the chi-
square or Fisher’s exact test when appropriate. Quantitative continuous
variables were compared using the Student’s t test or nonparametric
Mann-Whitney U test when appropriate. The power of inflammatory
biomarkers to predict gram-negative bacteremia (GNB) and septic
shock were assessed and compared with receiver operating character-
istics (ROC) curves. the area under the curve (AUC), optimal cutoff
values were calculated and Z test was performed to compare the AUCs.
A multivariate logistic regression model was constructed with either
GNB or septic shock as dependent variables, and age, underlying dis-
ease, neutropenia, CRP, PCT, IL-6 and IL-10 levels as independent
variables. All statistical analyses were performed using IBM SPSS
Statistics 20.0 software. P < 0.05 was considered to be statistically
significant.

3. Results
3.1. Patients’ characteristics

A total of 3118 episodes of febrile illness were recorded in 1115
patients during the three years described above. These patients suffered
one to five episodes of febrile illness during this period, respectively.
The demographic features including gender, age and neutropenic rate
were shown in Table 1. The median age of this cohort was 6.1 years old
(range: one months to 17.5years old) and male to female ratio was
1.48. Patients with neutrophil count less than 0.5 x 10°/L accounted
for 64.0%. The diagnoses of the underlying diseases were mainly acute
lymphoblastic leukemia (n = 2222), acute myeloid leukemia (n = 580)
and lymphoma (n = 179). Other diseases included Langerhans cell
histiocytosis (n = 44), neuroblastoma (n = 56), myelodysplastic syn-
drome (n = 8), chronic myeloid leukemia (n = 13), rhabdomyo-
sarcoma (n = 12) and others (n = 4).
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Table 1

Demographic features and inflammatory biomarkers levels of patients with BSI and septic shock.
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Parameters Total BSI Non-BSI P-value Septic shock Without septic shock
Gender (male to female) 1860/1258 251/159 1609/1099 0.488 74/35 1786/1223 0.074
Age (median and range, year) 6.1 (0.1-17.5) 5.5(0.6-16.1) 6.2(0.1-17.5) 0.008 9.9(1.5-16.1) 6.0(0.1-17.5) < 0.001
Neutrophil count (x 10°/L) 0.16(0-228.5) 0.08(0-32.4) 0.20(0-228.5) < 0.001  0.05(0-17.55) 0.18(0-228.5) < 0.001
Neutropenia (%) 64.0% (1995/3118)  76.8% (315/410) 62.0% (1680,/2708) < 0.001  80.7% (88/109) 63.4% (1907/3009) < 0.001
Underlying diseases
Acute lymphoblastic leukemia 2222 (71.2%) 318 (78.3%) 1904 (70.1%) 0.006 86 (74.8%) 2136 (71.1%) 0.753
Acute myeloid leukemia 580 (18.6%) 62 (15.3%) 518 (19.1%) 22 (19.1%) 558 (18.5%)
Lymphoma 179 (5.7%) 11 (2.7%) 168 (6.2%) 3 (2.6%) 176 (5.9%)
Others 140 (4.5%) 15 (3.7%) 125 (4.6%) 4 (3.5%) 136 (4.5%)
Inflammatory biomarkers (median and range)
CRP (mg/L) 34 (1-180) 34 (1-180) 34 (1-180) 0.255 62 (1-180) 33 (1-180) < 0.001
PCT (ng/mL) 0.22 (0.02-275.80) 0.31 (0.02-275.80)  0.21 (0.02-84.85) < 0.001 1.23(0.08-275.80)  0.22 (0.02-80.86) < 0.001
IL-6 (pg/mL) 58.8 (1.5-5000) 179.3 (2.3-5000) 52.9 (1.5-5000) < 0.001 718.7 (13.8-5000) 55.3 (1.5-5000) < 0.001
IL-10 (pg/mL) 6.9 (1.0-5000) 22.3 (1.5-5000) 6.3 (1.0-5000) < 0.001 161.5 (2.3-5000) 6.6 (1.0-5000) < 0.001
TNF-a (pg/mL) 2.3 (1.0-5000) 2.7 (1.0-5000) 2.3 (1.0-1104.6) < 0.001 3.0 (1.5-5000) 2.3 (1.5-2779.7) < 0.001
IFN-y (pg/mL) 7.7 (1.0-2475.8) 8.3 (1.0-2475.8) 7.7 (1.0-1817.4) 0.146 9.6 (1.0-1817.4) 7.7 (1.0-2475.8) 0.009

3.2. Distribution of the sources of fever

The distribution of the sources of fever was shown in Fig. 1. About
one third of the patients experienced FUO, which was mainly suspected
infection and drug fever. Of the remaining 2028 episodes of fever,
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Fig. 1. Distribution of sources of fever and the incidence of septic shock. The
upper figure showed the case numbers and percentages of patients with various
types of fever, while the lower figure showed the incidences of septic shock in
each type of fever.

respiratory tract infections were the most common type of diseases,
with URT infection/bronchitis and pneumonia accounting for 18.6%
and 23.6%, respectively. BSI was documented in 13.1% of episodes. Of
the 2438 episodes of fever in 870 patients who had a central line in
place, the central lines from 116 patients were removed when catheter-
associated bloodstream infection was suspected. Other origins of fever
such as oral cavity, gastrointestinal tract, soft tissue, CNS, genitourinary
and viral infection were less common, only accounting for about 10% of
episodes totally. Septic shock was documented in 109 (3.5%) episodes
of fever in this cohort, with BSI presenting much higher rate of shock
than other types of fever (11.2% vs. 2.3%, P < 0.001). Twelve patients
died in this cohort, eight of whom developed septic shock and four due
to severe pneumonia without shock.

3.3. Bloodstream infection (BSI)

Of the 410 episodes of BSI, gram-positive bacteremia (GPB), GNB,
fungemia and polymicrobial infection were accounted for 43.7%,
52.9%, 1.5% and 2.2% respectively. Escherichia coli (35.9%), Klebsiella
pneumoniae (15.2%) and Pseudomonas aeruginosa (11.5%) were the
predominant organisms in GNB while coagulase-negative staphylococci
(39.1%), Streptococcus (16.8%), Staphylococcus aureus (6.1%) and
Corynebacterium parvum (6.7%) were the leading types in GPB. For
polymicrobial infection, five episodes were due to the mix of gram-
positive and negative bacteria, four episodes were two isolates of gram-
negative bacteria (thus assigned as GNB), one episode was two isolates
of gram-positive bacteria (thus assigned as GPB). The incidence of
septic shock was much higher in patients with GNB when compared to
those with GPB (16.5% (36/218) vs. 5.5% (10/181), P < 0.001), in-
dicating that patients with GNB presented much higher risk of devel-
oping septic shock than patients with other types of fever. We thus
considered GNB and septic shock as high-risk form of infection.

3.4. Serum levels of inflammatory biomarkers in different infection groups

Among the inflammatory biomarkers, CRP, IL-6 and IL-10 were
increased in 82.6%, 85.2% and 63.9% episodes of fever, while PCT,
TNF-a and IFN-y were elevated in only 29.9%, 10.2% and 31.6% epi-
sodes, respectively. The serum levels of the above biomarkers in BSI and
non-BSI, septic shock and non-septic shock groups were shown in
Table 1. Patients with BSI presented much higher levels of CRP, PCT, IL-
6, IL-10 and TNF-a when compared to those with non-BSI, and patients
with septic shock showed very higher levels of the above biomarkers
and IFN-y than those without it as well.
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Fig. 2. Discriminative performance of biomarkers to identify BSI, GNB and septic shock. The receiver operating characteristic (ROC) curves illustrated the per-

formance of CRP, PCT, IL-6 and IL-10 to predict BSI, GNB and septic shock.

3.5. Performance of inflammatory biomarkers to identify GNB and septic
shock

As patients with GNB presented high incidence of septic shock
which caused high mortality, GNB and septic shock were considered as
high-risk forms of infection. We thus investigated the diagnostic powers
of CRP, PCT, IL-6, IL-10 and TNF-a and IFN-y to identify GNB and septic
shock by ROC analysis. CRP, TNF-a and IFN-y were not very helpful to
identify GNB and septic shock, with AUCs of 0.557 (95% CI,
0.516-0.597), 0.663 (95% CI, 0.626-0.701) and 0.533 (95% CI,
0.494-0.572) for GNB and of 0.645 (95% CI, 0.593-0.697), 0.651 (95%
CI, 0.594-0.707) and 0.574 (95% CI, 0.517-0.630) for septic shock,
respectively; While PCT, IL-6, IL-10 were better biomarkers to predict
GNB and septic shock compared with CRP, TNF-a and IFN-y. As shown
in Fig. 2, the AUGCs for IL-10, IL-6 and PCT, IL-6 and IL-10 to predict
GNB were 0.681 (95% CI, 0.644-0.719), 0.767 (95% CI, 0.733-0.801)
and 0.808 (95% CI, 0.774-0.843), respectively. IL-10 and IL-6 per-
formed better than PCT when AUCs were statistically compared (IL-10
vs. IL-6, P =0.098; IL-10 vs. PCT, P < 0.001; IL-6 vs. PCT,
P < 0.001). The AUCs for septic shock prediction was 0.776 (95% CI,
0.726-0.826), 0.888 (95% CI, 0.861-0.914) and 0.866 (95% CI,
0.828-0.903) for PCT, IL-6 and IL-10, respectively. Similarly, IL-10 and
IL-6 were much better to predict septic shock than PCT as well (IL-10
vs. IL-6, P = 0.351; IL-10 vs. PCT, P = 0.004; IL-6 vs. PCT, P < 0.001).
As shown in Table 2, when the above biomarkers identified septic shock
with specificities of about 80%, the sensitivities of PCT, IL-6 and IL-10
were 63.3% (54.0-71.8), 84.4% (76.4-90.0) and 77.1% (68.3-84.0),
respectively.

We then investigated whether the above biomarkers were still
powerful to predict septic shock among patients with BSI. As shown in
Fig. 3, there were 46 episodes of shock in 410 patients with BSI. By
using the cut-off values in Table 2, CRP, PCT, IL-6 and IL-10 could
screen out 13 (28.3%), 30 (65.2%), 40 (87.0%) and 40 (87.0%) epi-
sodes of shock, respectively, indicating IL-6 and IL-10 were still pow-
erful to identify relative severe cases among those diagnosed with BSI.
The combination of IL-6 and IL-10 was the most powerful to identify
low-risk patients as well. The rate of septic shock was only 0.7% among
patients with IL-6 less than 185 pg/mL and IL-10 less than 20 pg/mL
together, while the septic shock rate was 6.7% among patients with low
PCT and low CRP combination.

3.6. Performance of inflammatory biomarkers in multivariate analysis

There were many parameters, including inflammatory biomarkers
and patients’ features, related to the development of GNB and septic
shock, which could be used as predictors of these diseases. We thus
investigated which parameters were the most powerful predictors in
multivariate analysis using Logistic regression models. As shown in
Table 3, older patients (=6 years old) were more likely to develop
septic shock while patients with ALL presented more susceptible to
GNB. Of inflammatory cytokines, IL-6 and IL-10 were independent
predictors of GNB and septic shock, while CRP was not related to either
one of them. PCT, which was elevated mostly in patients with severe
diseases, was a predictor for septic shock but did not predict GNB.

Table 2

Diagnostic performance of CRP, PCT, IL-6 and IL-10 in identifying patients with severe forms of infection.
Parameters AUC (95% CI) Cut-off Sensitivity Specificity PLR NLR
BSI
CRP 0.52 (0.49-0.55) 90 mg/L 24.2% (20.3-28.5) 79.4% (77.8-80.9) 1.17 (0.97-1.41) 0.96 (0.90-1.01)
PCT 0.61 (0.58-0.64) 0.58 ng/mL 32.9% (28.6-37.6) 80.0% (78.4-81.4) 1.64 (1.40-1.92) 0.84 (0.78-0.90)
IL-6 0.70 (0.66-0.72) 173 pg/mL 51.0% (46.2-55.8) 80.0% (78.4-81.4) 2.60 (2.30-2.95) 0.62 (0.57-0.69)
IL-10 0.701 (0.68-0.74) 18.5 pg/mL 51.2% (46.4-56.0) 80.0% (78.4-81.4) 2.71(2.39-3.07) 0.61 (0.55-0.67)
GNB
CRP 0.56 (0.52-0.60) 90 mg/L 28.5% (23.0-34.8) 79.5% (78.0-80.9) 1.39 (1.12-1.73) 0.90 (0.83-0.98)
PCT 0.68 (0.64-0.72) 0.58 ng/mL 44.8% (38.4-51.4) 80.0% (78.5-81.4) 2.24 (1.90-2.64) 0.69 (0.61-0.78)
IL-6 0.77 (0.73-0.80) 185 pg/mL 63.4% (56.8-69.4) 80.0% (78.6-81.5) 3.18 (2.81-3.59) 0.46 (0.39-0.55)
IL-10 0.81 (0.77-0.84) 18.5 pg/mL 70.6% (64.3-76.2) 79.4% (77.9-80.8) 3.67 (3.28-4.19) 0.37 (0.30-0.45)
Septic shock
CRP 0.65 (0.59-0.70) 90 mg/L 38.5% (30.0-47.9) 79.6% (78.1-81.0) 1.89 (1.47-2.41) 0.77 (0.67-0.90)
PCT 0.78 (0.73-0.83) 0.58 ng/mL 63.3% (54.0-71.8) 79.8% (78.3-81.2) 3.13 (2.67-3.67) 0.46 (0.36-0.59)
IL-6 0.89 (0.86-0.91) 185 pg/mL 84.4% (76.4-90.0) 79.3% (77.7-80.6) 4.06 (3.65-4.51) 0.20 (0.13-0.30)
IL-10 0.87 (0.83-0.90) 20.0 pg/mL 77.1% (68.3-84.0) 79.3% (77.8-80.7) 3.72 (3.28-4.21) 0.29 (0.21-0.41)

BSI, bloodstream infection; GNB, gram-negative bacteremia; PLR, positive likelihood ratio; NLR, negative likelihood ratio.
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Fig. 3. Performance of biomarkers to identify septic shock in patients with BSI. the scatter plots showed the distribution of cases with BSI (blank circle) and septic
shock (filled triangle). The numbers in the plot represented the case numbers of septic shock (numerator) and BSI (denominator), respectively.

4. Discussion

Septic shock is a serious medical condition with high mortality,
especially in patients with underlying diseases such as hematological or
neoplastic disorders. The primary cause of septic shock is bacterial in-
fection. BSI represented one of the most severe infections in patients
with cancer, with reported mortality rate reaching up to 40% [18,19].
GPB and GNB are the main types of BSI. As shown in the present study,
the incidence of shock in patients with GPB is significantly lower than
that in patients with GNB. We consider that GNB, but not GPB, is a high-
risk form of infection among pediatric cancer patients which should be
intervened early. As we reported in previous study, the mortality of
septic shock in our department is relatively low with only eight patients
died due to shock and four due to severe pneumonia in this cohort.
Thus, we consider septic shock but not death as an endpoint in the
present study.

Inflammatory cytokines play critical roles in the development of
severe infection and are closely related to the outcome. Patients with
higher IL-6 and IL-10 present much higher incidences of septic shock
and mortality [9]. High serum IL-6 concentration causes hemodynamic
disorder [10]. Corticosteroid has been proven to be the effective
treatment of controlling septic shock by reducing pro-inflammatory
cytokine levels [13,20]. As shown in this study, we have documented
that IL-6 and IL-10 are the better biomarkers than others to identify
GNB and septic shock in pediatric cancer patients with fever. As TNF-a
is increased only in about 10% of episodes and IFN-y levels are com-
parable among various types of infection, they are not the useful
parameters for risk stratification. Although CRP was sensitive in febrile
diseases, its discriminative performance to predict GNB and shock is not
good.

In contrast to CRP, PCT was found to be elevated in only about 20%-
30% of patients with localized infection, 42.4% with bacteremia, 68.8%
with septic shock, indicating that PCT is mostly increased in patients

Table 3
Multivariate analysis of related factors for GNB and septic shock.

with severe diseases. Thus, PCT is not clinically useful enough to
identify patients with localized infection, while it is a more valuable
biomarker for severe infectious diseases than CRP, which is in con-
sistent with previous studies [21-23]. IL-6 is an inflammatory bio-
marker frequently used in the diagnosis of sepsis. Our previous study
has demonstrated that it is very useful in discriminating Gram positive
from negative bacteremia, evaluating the severity of infection and
predicting the patients’ outcome [10,11]. Compared with CRP, PCT and
IL-6, IL-10 is an inflammatory biomarker less studied, however, it is a
very useful tool to identify Gram negative bacteria and to judge the
severity of infection or febrile neutropenia [11,24]. In the present
study, compared with IL-6, IL-10 presents similar accuracy to predict
GNB and septic shock, which is much higher than that of CRP and PCT.
In order to make IL-10 a common biomarker used in clinical practice,
the role of IL-10 to predict the organisms and severity of infection
should be validated in more centers.

Although this is the largest cohort to systematically assess the role of
inflammatory biomarkers such as PCT, IL-6 and IL-10 up to now, there
are some drawbacks in this study. Firstly, the generalizability of the
results may be limited because it was a single-center study and it fo-
cused on pediatric patients with cancer. Secondly, the biomarkers were
measured only at the onset of fever, and the different kinetics of these
markers relative to infection onset was not considered. Their perfor-
mances to identify bacteremia in this study may not be the best one for
each biomarker. For example, the dynamic change of PCT is more im-
portant than the absolute value to predict postoperative infection [25].
Thirdly, if the concentration of CRP, IL-6 or IL-10 reached the upper
limit, we cannot get the true number, which has impact on the accuracy
of the result, especially the performance of CRP.

5. Conclusions

BSI, especially GNB, is a high-risk form of infection which results in

Parameters GNB Septic shock
RR (95% CI) P-value RR (95% CI) P-value

Age = 6 year 1.08 (0.80-1.46) 0.614 2.73 (1.72-4.30) < 0.001
Acute lymphoblastic leukemia 1.64 (1.13-2.38) 0.009 1.15 (0.71-1.88) 0.565
Neutropenia 1.92 (1.35-2.73) < 0.001 1.74 (1.04-2.92) 0.034
CRP = 90 mg/L 1.20 (0.85-1.70) 0.292 1.47 (0.94-2.32) 0.094
PCT = 0.58 ng/mL 1.32 (0.95-1.83) 0.105 2.24 (1.41-3.56) 0.001
IL-6 = 185 pg/mL 3.02 (2.16-4.23) < 0.001 8.21 (4.58-14.72) < 0.001
IL-10 = 20.0 pg/mL 5.77 (4.11-8.10) < 0.001 4.28 (2.56-7.15) < 0.001
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high incidence of septic shock. CRP, IL-6 and IL-10 are sensitive bio-
markers for fever while PCT is elevated mostly in patients with severe
diseases. IL-6 and IL-10 at the onset of fever present better performance
than CRP and PCT in identifying patients with GNB and septic shock.
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