
https://doi.org/10.1177/03946320221095015

International Journal of 
Immunopathology and Pharmacology
Volume 36: 1–6
© The Author(s) 2022
Article reuse guidelines: 
sagepub.com/journals-permissions
DOI: 10.1177/03946320221095015
journals.sagepub.com/home/iji

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons 
Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, 

reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and 
Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Introduction

Neutropenic fever (NF) after chemotherapy and 
hematopoietic cell transplantation (HCT) for 
hematological malignancies increases morbidity 
and mortality rates; thus, empirical broad-spectrum 
antibiotic therapy is recommended.1 For prolonged 
fever beyond 2–4 days of empirical antibiotic ther-
apy, additional broad-spectrum antibiotic or anti-
fungal therapy should be considered.1 However, 
considering that bacteremia is identified in about 
20% of patients with NF and invasive fungal infec-
tion is identified in <20% of patients with NF 

receiving empirical antifungal therapy,1 this prac-
tice may cause inappropriate use of broad-spec-
trum antibiotics and increase antibiotic resistance 
and adverse effects associated with antibiotic and 
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antifungal agents. If prolonged fever is caused by a 
dysregulated immune response and uncontrolled 
cytokine release rather than uncontrolled bacterial 
or fungal infection, immune-modulating therapy 
might be rather suitable. Previous studies investi-
gated cytokines for the early prediction of bacterial 
infection, bacteremia, or severe sepsis in pediatric 
patients with NF.2,3 However, most previous stud-
ies measured cytokine concentrations at the devel-
opment of NF, and the kinetics of cytokine 
concentrations and the associations with prolonged 
fever and severe complications of bacteremia, 
including septic shock and acute respiratory dis-
tress syndrome (ARDS), which are caused by dys-
regulated immune responses, have rarely been 
studied.4-6 This study aimed to investigate the 
changing trends in cytokine concentrations during 
the first week of bacteremia-induced NF in pediat-
ric patients with hematological malignancy and 
evaluate its impact on prolonged fever.

Patients and methods

Subject and study design

From January to December 2016, pediatric 
patients aged <19  years, who received chemo-
therapy or HCT for hematological malignancies 
at the Department of Pediatrics of Seoul St Mary’s 
Hospital (Seoul, Republic of Korea), were pro-
spectively monitored for the development of NF 
and bacteremia during hospitalization. Among 
them, patients in whom both NF and bacteremia 
were identified were considered for this study and 
were enrolled if the patient and parents agreed to 
participate. Blood culture was performed as soon 
as possible if NF was identified, and bacterial 
growth was reported within 24–48 h of blood cul-
ture in most patients in our hospital. In our hospi-
tal, residual serum samples were kept in a 
refrigerator at the Department of Laboratory 
Medicine for 2  weeks after routine testing, and 
residual serum samples acquired for routine blood 
tests were collected three times for the enrolled 
patients: on the first day of NF (Day 1) and 3 days 
(Day 4) and 7 days (Day 8) after the onset of NF. 
These serum samples were stored at −70°C until 
testing. Neutropenia was defined as absolute neu-
trophil count (ANC) <500/mm3, and fever was 
defined as tympanic membrane temperature 
⩾38.0°C or axillary temperature ⩾37.5°C for 

more than 1 h.7 Concentrations of 13 cytokines 
(tumor necrosis factor [TNF]-α, interferon-γ, 
interleukin [IL]-2, IL-6, IL-9, IL-4, IL-5, IL-10, 
IL-13, IL-17A, IL-17F, IL-21, and IL-22) were 
measured in each serum sample using a com-
mercial multiplex fluorescent bead assay kit 
(LEGENDplex™ Human Th Cytokine Panel, 
BioLegend Inc., San Diego, CA, USA) as previ-
ously reported.8 All tests were performed in dupli-
cate, and the mean concentration was used in the 
statistical analyses. Cytokine concentrations and 
C-reactive protein (CRP) levels were compared 
according to underlying hematological malig-
nancy, administered chemotherapy type, com-
plete remission (CR) status, and type of identified 
bacteria on each sampling day. Concentrations of 
cytokines and CRP levels on each sampling day 
were compared between patients with fever last-
ing for ⩾3 days and those with fever lasting for 
<3 days. This study was conducted in accordance 
with the Declaration of Helsinki and approved by 
the Institutional Review Board of Seoul St Mary’s 
Hospital (approval no: KC15TISI0943). Because 
all study subjects were minors, written informed 
consent was acquired from a legally authorized 
representative (parent) of the patient. Additional 
written informed consent was acquired from the 
patient if he/she was aged ⩾7 years.

Statistical analysis

Comparisons of cytokine concentrations and CRP 
levels between patient groups were performed 
using a Mann–Whitney test. For each cytokine and 
CRP, the concentrations on Days 1, 4, and 8 were 
compared using Friedman’s test. The SPSS 21 pro-
gram (IBM Corporation, Armonk, NY, USA) was 
used for the statistical analyses, and two-sided 
p-values <.05 were considered statistically 
significant.

Results

A total of 10 pediatric patients (six males, four 
females; median age, 11 years [range, 3–18 years]) 
with bacteremia-induced NF were enrolled in this 
study. Gram-negative bacteria (GNB) and Gram-
positive bacteria (GPB) were identified in six 
and four patients, respectively (Table 1). The 
demographic and clinical characteristics of the 
enrolled patients are summarized in Table 1. Fever 
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developed at a median of 12 days (range, 1–23 days) 
after initiation of chemotherapy and at a median of 
6  days (range, 1–27  days) after neutropenia and 
persisted for a median of 2.5 days (range, 1–6 days). 
Neutropenia recovered at a median of 7  days 
(range, 2–31 days) after fever, and the ANC became 
over 1000/mm3 at a median of 15  days (range, 
4–55 days) after fever: two patients (patient no. 4 
and patient no. 9) died of uncontrolled leukemia 
before the restoration of ANC over 1000/mm3. No 
severe complications of bacteremia, such as septic 
shock, hypoxia, ARDS, or death, occurred. The 
bacteria were eradicated before Day 4 in all patients 
except patient no. 6 (on Day 10) and patient no. 7 
(on Day 6).

For all study subjects, among the 13 cytokines, 
concentrations of all but IL-6 and IL-10 were not sig-
nificantly different on Days 1, 4, and 8 (Figure 1(a)). 
IL-6 (p < .001) and IL-10 (p = .001) concentrations 
on Day 4 were significantly lower than those on Day 
1 but comparable to those on Day 8 (Figure 1(a)). 
Median CRP levels on Days 1, 4, and 8 were 3.70 mg/
dL (range, 0.04–14.48 mg/dL), 7.74 mg/dL (0.31–
15.77 mg/dL), and 2.53 mg/dL (0.07–19.98 mg/dL), 
respectively (p = .143). On Day 1, there were no sig-
nificant differences in underlying hematological 
malignancy, administered chemotherapy type, CR 
status, or fever duration for any cytokine concentra-
tions or CRP levels. However, on Day 1, the median 
concentration of IL-2 was higher in patients with 
GPB infection than in those with GNB infection 
(6.05 pg/mL vs 3.00 pg/mL, p = .038), while median 
concentrations of IL-2 (5.51 pg/mL vs 1.77 pg/mL, p 
= .019) and TNF-α (7.48 pg/mL vs 5.08 pg/mL, p = 
.010) were higher in patients without focal inflam-
mation than in those with focal inflammation. On 
Day 4, the median concentration of IL-21 was higher 
in patients with a CR status than in those without a 
CR status (142.49 pg/mL vs 74.65 pg/mL, p = .038). 
On Day 8, the median concentration of IL-22 was 
higher in patients with a GNB infection than in those 
with a GPB infection (76.46 pg/mL vs. 47.32 pg/mL, 
p = .010). Fever duration was not significantly asso-
ciated with any specific cytokine concentrations on 
any sampling day (Figure 1(b)).

Discussion

In this study, 13 cytokine concentrations were 
measured during the early phase of NF. IL-6 and 
IL-10 concentrations were elevated at NF 
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development; however, the concentrations rapidly 
decreased within 4 days. Prolonged fever was not 
associated with specific cytokine concentrations.

Most previous studies of patients with NF have 
investigated the association between specific 
cytokine concentrations at the development of NF 
and bacteremia, reporting higher IL-6, IL-8, and 
IL-10 concentrations in patients with bacteremia 
than in those without bacteremia.2,3,6 However, no 
single cytokine has been identified as a perfect pre-
dictor for bacterial infection or associated severe 
complications.2,6 IL-6 and IL-10 concentrations for 
patients with NF and bacteremia in this study were 
significantly higher at NF development compared 
to those with an afebrile states. However, the con-
centrations decreased within 4 days after NF onset. 
Previous studies also reported significant decreases 
in IL-6 and IL-8 concentrations within 5 days after 
NF onset in patients with NF and bacteremia.5,6,9

In this study, cytokine concentrations in patients 
with fever lasting for <3 days were compared to 
those in patients with fever lasting for ⩾3  days. 
Prolonged fever after bacterial eradication was 
suspected to be caused by prolonged elevation of 
pro-inflammatory cytokine concentrations, and 
immune-modulating treatment was expected to be 
effective. However, no cytokine concentrations 
were significantly different between the two patient 
groups. For patient no. 6, bacterial eradication was 
not achieved, while the patient was febrile on Day 
4; however, the IL-6 concentration decreased sig-
nificantly from Day 1 to Day 4. Previous studies of 
patients with NF and bacteremia showed higher 
IL-6 and IL-8 concentrations at NF development in 
cases of fever lasting for >3 days compared with 
cases of fever lasting for ⩽3 days, whereas IL-6 
and IL-8 concentrations on Day 3 were not signifi-
cantly different between the two patient groups.6,10 

Figure 1.  Kinetics of cytokine concentrations among all study subjects (a); kinetics of IL-6 and IL-10 concentrations among 
patients with fever that lasted for ⩾3 days and those with fever that lasted for <3 days (b). Data are presented as median (range).
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Deceased patients showed persisting higher con-
centrations of IL-6 and IL-8 in cases of severe sep-
sis without underlying immunocompromised 
disorders compared to surviving adults.11 
Therefore, information about the cytokine kinetics 
might be more useful for predicting severe compli-
cations of bacteremia including mortality than sim-
ply prolonged fever. Cytokine kinetics in 
bacteremia patients with underlying diseases that 
could develop NF might differ for that of patients 
without underlying disease. Types of underlying 
malignancies and identified bacteria might affect 
the cytokine kinetics. Therefore, the inclusion of 
NF patients with severe bacteremia complications 
might influence the cytokine kinetics, considering 
that no patients with severe complications of bacte-
remia were included in this study.

This study had some limitations. First, this was 
a pilot study that aimed to identify specific 
cytokines related to prolonged fever, which might 
represent dysregulated immune responses in NF 
patients. A subsequent study to confirm the sig-
nificant relationship between the specified 
cytokines and immune dysregulation was planned. 
The appropriate sample size could not be calcu-
lated for this study because cytokines of interest 
have not been specified, and unfortunately, only a 
small number of patients were enrolled. A larger 
number of patients may help define specific 
cytokines. Moreover, comparisons between NF 
patients with and without bacteremia were not 
conducted. The impact of cytokine kinetics on the 
development of severe complications of bactere-
mia could not be determined. Some cytokines not 
tested in this study might exhibit varying concen-
trations in NF patients with versus without severe 
complications of bacteremia. Moreover, some 
lipid metabolites and peptides were reportedly 
more reliable for predicting fever origin and dura-
tion than cytokines in adult patients with NF.4 
Future studies including more NF patients should 
evaluate the impact of the kinetics of several 
organic materials on prolonged fever and severe 
complications of bacteremia.

Conclusion

The changes in cytokine concentrations were 
restored within 4  days after fever development 
in pediatric patients with NF and bacteremia. 
Prolonged fever in these patients was not associated 

with specific cytokine kinetics. Therefore, immune-
modulating therapy might not be useful for pro-
longed fever in patients with NF.
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