
Introduction

Acute leukemia is the most common type of
hematological cancer in children. The cure rate for
Acute Lymphoblastic Leukemia in developed countries
exceeds 80%, whereas in Low- and Middle-Income
Countries (LMIC), it ranges from 40% to 70%.1,2

Patients with leukemia, particularly those undergoing

chemotherapy, are highly susceptible to infections due
to various factors associated with the disease and
treatment.3 Febrile Neutropenia (FN) is the most
prevalent infection in acute leukemia and has higher
mortality rates compared to other malignancies,
ranging from 6% to 43%.3,5 Prompt initiation of
antimicrobial treatment within one hour of FN onset is
recommended due to its potential to cause
hemodynamic instability. However, current diagnostic
methods such as blood cultures are time-
consuming.3,6,7 Therefore, there is a need for reliable
and readily available biomarkers to diagnose or rule
out infection.
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Abstract
Background: Febrile neutropenia (FN) is a significant complication of acute leukemia, leading to morbidity and
mortality. Early detection of bacteremia is crucial for timely management, but traditional culture methods are time-
consuming. Previous studies have suggested that Interleukin-6 (IL-6) may serve as an early and convenient
marker for predicting bacteremia in children with hematological malignancies and febrile neutropenia. This study
aimed to investigate the role of IL-6 in predicting bacteremia among children with acute leukemia and febrile
neutropenia.

Methods: A cross-sectional study was conducted at the Department of Pediatric Hematology and Oncology,
Bangabandhu Sheikh Mujib Medical University (BSMMU), over a 12-month period following ethical approval. A
total of 50 children with acute leukemia and febrile neutropenia were enrolled based on specific criteria. Written
informed consent was obtained from parents and detailed histories, clinical examinations, and relevant
investigations were performed. Data were collected using a semi-structured questionnaire and analyzed using
SPSS 22.0.

Results: The study included patients with a mean age of 5.96±3.69 (SD) years, with a male predominance
31(62%). Among the patients, 23(46%) had microbiologically documented infection (MDI),15(30%) had clinically
documented infection (CDI), and12(24%) had fever without focus (FWF). Among the isolated organisms in MDI
patients,16(69.56%) were gram-negative bacteria .The mean rank of IL-6 was higher in patients with MDI
compared to CDI and FWF. IL-6 showed 87% sensitivity and 76% specificity at a cutoff value of 141.95 pg/mL in
the ROC curve analysis, with an area under the curve of 0.843. Increasing IL-6 levels were associated with
higher odds of bacteremia in both univariate and multivariate logistic regression analyses. No significant difference
in IL-6 levels was observed between patients with gram-positive and gram-negative bacteremia.

Conclusion: This study suggests that IL-6 may play a crucial role in predicting bacteremia in febrile neutropenic
patients with acute leukemia. However, further multicenter case-control studies are recommended to validate
these findings.
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The current biomarkers with predictive value for
diagnosing bacteremia include C-reactive Protein
(CRP), Interleukin-6 (IL-6), and Procalcitonin (PCT).8

IL-6, a multifunctional cytokine, has shown promise
as a sensitive and early marker for bacteremia,
particularly Gram-negative bacteremia.9 IL-6 levels
have been observed to rise as early as one hour after
the infectious stimulus.10 Febrile neutropenia in cancer
patients undergoing chemotherapy prolongs hospital
stays, increases treatment costs, and leads to
significant morbidity and mortality. Mortality rates for
febrile neutropenia have been reported as 5% in solid
tumors and 11% in hematological malignancies.
Patients with confirmed bacteremia have even worse
prognoses, with mortality rates of 18% for Gram-
negative bacteremia and 5% for Gram-positive
bacteremia.1,11

In the context of acute leukemia and febrile
neutropenia, the role of IL-6 as an early predictor of
bacteremia has not been adequately addressed.
Consequently, with this lack of data regarding IL-6
and febrile neutropenia, this study aims to investigate
the potential of IL-6 as an early predictor of bacteremia
in febrile neutropenia among children with acute
leukemia.

Materials and Methods

The study was a cross-sectional study conducted in
the Department of Pediatric Hematology and
Oncology, Bangladesh Sheikh Mujib Medical
University (BSMMU) for a period of twelve months,
extending from July 2021 to June 2022.

The study was conducted among the 50 acute
leukemia children of 1 to <18 years who developed
febrile neutropenia (FN) during any phase of
chemotherapy in department of Pediatric Hematology
and Oncology, BSMMU, Dhaka during the study
period. Patients with any other type of malignancy or
getting any palliative chemotherapy will be excluded.
Sampling was selected purposively after obtaining
informed assent from the parents of the patients before
enrollment in this study.

Data were collected by an interview with the help of a
pre-tested semi structured questionnaire. At the
beginning of the interview the purpose and importance
of the study was explained. The questionnaire was
filled out by the researcher during the interview. Medical
data regarding initial presentation at diagnosis, risk
stratification, type of treatment protocol, treatment
starting date, complication during treatment were
recorded. Blood samples were collected as soon as

possible at the onset of fever in inpatients or within 24
hours of presentation to Outdoor Patients Department
(OPD) and sent for complete blood counts, Erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP),
Interleukin 6 (IL-6),blood culture and sensitivity,urine
culture and sensitivity, Additional tests and
investigative procedures were done if indicated. Serum
Interleukin-6 was measured by Siemens Advia Centaur
XP based on Chemiluminescence microparticle
immunoassay (CMIA) method for quantitative
determination of Interleukin-6 with at least 3 ml of
venous blood. Values were obtained within 2 hours of
the test required. Normal Interleukin-6 value is d”7 pg/
mL, Values were obtained within 6 hours of test request
and were measured as early as possible of developing
FN. All patients were followed up with standard care
and procedures and the outcome of the participants
were assessed accordingly.

Prior to conducting the study, ethical approval was
obtained from the Institutional Review Board (IRB) of
BSMMU. The privacy of the participants and
confidentiality of data were maintained strictly. The
study was conducted in accordance with the guidance
and principles of the Declaration of Helsinki.

All data were checked and edited after collection,
verified for consistency. Significant tests were done
by chi-square tests. To determine the relationship
between continuous variables, Kruskal wallis analysis
was done. For all analysis a p value d” 0.05 was
considered statistically significant and was applied
to all statistical tests. Receiver Operating
Characteristic (ROC) curves were constructed with
95% CIs. The area under the curve (AUC) was used
to evaluate the predictive power of IL-6, CRP & ESR
for bacteremia. Using the co-ordinates of curve, the
cut off values were determined for the value with best
predictive ability.

Results

The collected socio-demographic data of 50 patients
with acute leukemia were analyzed and presented in
tables and graphs. The majority of the children 38(76%)
were 10 years or younger, with an average age of
5.96±3.69 years. Among the patients,31 (62%) were
male, and 35(70%) resided in rural areas. Specific
information regarding the education level of parents
was not available, but data on family income showed
that approximately 50% of guardians had a monthly
income of 21,000 to 40,000 BDT, while 46% had an
income of 10,000 to 20,000 BDT. A small proportion
had lower or higher incomes. Regarding leukemia
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subtypes, 39(78%) of the cases were Acute
Lymphoblastic Leukemia (ALL), with 32(64%) being
B-cell ALL and 7(14%) being T-cell ALL. The remaining
11(22%) were Acute Myeloid Leukemia (AML). Mean
laboratory values were reported for certain parameters.
The mean Hemoglobin level was 9.43±1.66 gm/dl, the
mean platelet count was 51,500±46,147/cu.ml, and
the mean Absolute Neutrophil Count (ANC) was
179.00±170.76. These values provide insights into the
hematological status of the patients and contribute to
understanding their overall condition in Table I.

Table I: Distribution of the respondents by age (n=50)

 Characteristic No. of patient (%)

Age groups (years)

>10 Years 12 (24%)
≤10 Years 38 (76%)

Gender distribution
     Male 31 (62%)
     Female 19 (31%)
Area of residence

Rural 35 (70%)
Urban 15 (30%)

Monthly income
<10000 01 (02%)
10,000-20,000 BDT 23 (46%)
21000-40000BDT 25 (50%)
>40,000 BDT 01 (02%)

Type of acute leukemia
ALL-B-cell 32 (64%)
ALL-T-cell 7 (14%)
AML 11 (22%)
Hemoglobin (gm/dl) Mean±SD 9.43±1.66
Platelet (cu.mm) Mean±SD 51500±46147
ANC Mean±SD 179.00±170.81

Values are expressed as percentage (%) over column
in total and with mean±SD*

ALL- Acute Lymphoblastic Leukemia, AML- Acute
Myeloid Leukemia, ANC- Absolute Neutrophil Count.

infection based on clinical signs and symptoms.
Additionally, 12(24%) of the patients had fever without
a specific focus, indicating an elevated body
temperature without a clear source of infection. These
classifications help categorize the different types of
infections seen in the patient population and the
corresponding diagnostic methods used (Figure 1).

Analysis of Erythrocyte Sedimentation Rate (ESR)
and C-reactive Protein (CRP) levels showed elevated
levels in all infection groups. However, there were no
statistical differences when comparing the infection
groups, suggesting similar elevation of ESR and CRP
across all groups. In contrast, analysis of Interleukin-
6 (IL-6) levels revealed significant differences. Patients
with microbiologically documented infections (MDI)

Among the patients, 23(46%) had a microbiologically
documented infection, confirmed through laboratory
tests. Another 15(30%) had a clinically documented

Figure 1: Type of infection among study subjects
(n=50)

MDI: Microbiologically documented infection, CDI:
Clinically documented infection,

FWF: Fever Without Focus.
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Table II: Relationship ESR, CRP and Interleukin-6 with types of infection (n=50)

MDI CDI FWF p value
(n=23) (n=15) (n=12)

mean rank mean rank mean rank

ESR 27.28 26.43 18.96 0.236

CRP 26.5 27.36 19.38 0.287
Interleukin-6 34.65 21.83’. 12.54’.’. <.001

MDI: Microbiologically documented infection, CDI: Clinically documented infection, FWF: Fever Without Focus,
ESR: Erythrocyte sedimentation rate, CRP: C-reactive protein. p value was determined by Kruskal wallis test.
’.Denotes significant difference of interleukin6 among patients with MDI and CDI. ’.’.Denotes significant difference
of Interleukin-6 among patients with MDI and FWF.
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had significantly different IL-6 levels compared to
patients with clinically documented infections (CDI)
(P=0.024) and fever without focus (FWF) patients
(P<0.001). However, there was no statistical difference
in IL-6 levels between CDI patients and FWF patients.

These findings suggest that IL-6 may serve as a more
discriminatory biomarker for differentiating between
different types of infections, particularly between MDI
patients and both CDI and FWF patients. However,
IL-6 alone may not be sufficient to distinguish between
CDI and FWF patients, and further analysis using
additional biomarkers may be necessary for better
differentiation (Table-II).

The ROC curve analysis revealed the performance

of different biomarkers in diagnosing infections. For

Erythrocyte Sedimentation Rate (ESR), a cut-off

value of 35 showed 60.9% sensitivity and 64%

specificity, with an area under the curve (AUC) of

0.587. C-reactive Protein (CRP) had a cut-off value

of 56.50, with 60.9% sensitivity and 56% specificity,

and an AUC of 0.547. Interleukin-6 (IL-6)

demonstrated a cut-off value of 141.95, with 87%

sensitivity and 76% specificity, and an AUC of 0.843

(Figure 2).

Kruskal-Wallis analysis indicated significant

differences in IL-6 levels among the infection groups.

Patients with microbiologically documented

infections (MDI) had significantly different IL-6 levels

compared to patients with clinically documented

infections (CDI) (P=0.024) and fever without focus

(FWF) patients (P<0.001). However, no statistical

difference in IL-6 levels was observed between CDI

patients and FWF patients, as shown in Table III.

The analysis of Erythrocyte Sedimentation Rate (ESR)

and C-reactive Protein (CRP) levels revealed elevated

levels in all infection groups. However, when comparing

the infection groups, no statistical difference was

observed, suggesting that ESR and CRP levels were

similarly elevated across all groups.

Regarding Interleukin-6 (IL-6), the data presented in

Table IV indicate that there was no statistically

significant difference in IL-6 levels between patients

with Gram-positive bacteremia and patients with Gram-

negative bacteremia. This suggests that IL-6 levels

may not differ significantly based on the type of

bacteremia.
Figure 2: Receiver’s Operating Characteristics (ROC)
curve of ESR, CRP and Interleukin-6 for detecting the
presence of bacteremia among the acute leukemia
patients with febrile neutropenia (n=50)
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Table III: Assessment of AUC, 95%CI, p value, sensitivity and specificity of ESR, CRP and IL-6 (n=50)

Markers Area under 95% Confidence p Cutoff sensitivity specificity

curve interval (lower value value
limit-upper limit)

ESR .587 .422-.752 .302 35 60.9% 64%
CRP .547 .379-.714 .577 56.50 60.9% 56%
Interleukin-6 .843 .724-.963 <.001 141.95 87% 76%
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Discussion

This cross-sectional observational study involved 50
children with acute leukemia and febrile neutropenia
to investigate the role of Interleukin-6 (IL-6) in predicting
bacteremia. The study population had an age range
of 1 year to <18 years, with the majority 38(76%)
falling into the age group <10 years. The mean age
was 5.96±3.69 years, which is consistent with findings
from previous studies where mean age was 6.5±4.4
(SD) years. The study observed a male predominance,
with 31(62%) of the patients being male and 19(38%)
being female, aligning with the findings. (2020) study
focused on Acute Lymphoblastic Leukemia (ALL)12.
The majority of the study population (70%) resided in
rural areas, while 30% came from urban regions. This
difference in infection rates between urban and rural
areas may be due to variations in healthcare facilities
and delayed access to appropriate treatment options
in rural settings as found study13.

Regarding clinical presentations, all patients had a
fever, with a mean duration of 4.46±2.23 days. Other
common symptoms included vomiting, headache,
abdominal pain, loose stools, respiratory distress/
cough, bleeding manifestations, difficulty/burning
sensation during urination, and convulsions. These
presentations are typical in patients with febrile
neutropenia and malignancy. Vital parameters, such
as blood pressure, pulse rate, respiratory rate, and
temperature, were within a range indicative of infection.
These features were similar to the typical
presentations of febrile neutropenia patients with
malignancy3. In terms of leukemia subtypes, 39(78%)
of the patients had Acute Lymphoblastic Leukemia
(ALL), with 32(64%) being B-cell precursor ALL and
7(14%) T-cell precursor ALL. The remaining 11(22%)
had Acute Myeloid Leukemia (AML). These proportions
are consistent with the overall distribution of ALL and
AML in leukemia cases.4,6

The study (Figure 1) classified the patients into three
infection groups: Microbiologically Documented
Infection (MDI), Clinically Documented Infection (CDI),

and Fever Without Focus (FWF). The prevalence of
MDI was 23(46%), CDI was 15(30%), and FWF was
12(24%), aligning with the findings of previous studies
on febrile neutropenia. Among the patients with
bacteremia, 16(69.56%) had Gram-negative (Gm-ve)
bacteremia, while 7(30.44%) had Gram-positive
(Gm+ve) bacteremia. Pseudomonas, Acinetobacter,
and Klebsiella were the most common Gram-negative
bacteria isolated. Similar results were seen
(2018)14,15. Statistical analysis revealed that IL-6 levels
were significantly higher in MDI patients compared to
CDI and FWF patients. However, no significant
difference was observed between CDI and FWF
patients. Erythrocyte Sedimentation Rate (ESR) and
C-reactive Protein (CRP) levels were higher in both
MDI and CDI patients compared to FWF patients,
although statistical significance was not achieved.
Other studies found similar significant IL-6 level result
to prediction of bacteremia.1,16

ROC curve analysis revealed that IL-6 had a
statistically significant area under the curve (AUC) of
0.843, indicating its potential as a marker for predicting
bacteremia. In contrast, CRP had an AUC of 0.547,
and ESR had an AUC of 0.587, indicating lower
predictive ability. Similar findings were reported.17-18

Although our study also has some limitations such
as a small sample size and the absence of serial
evaluation of Interleukin-6 (IL-6) due to financial
constraints of the study. However, this study suggests
that IL-6 could serve as a potential marker for predicting
the presence of bacteremia among children with acute
leukemia and febrile neutropenia.

Conclusion

In febrile neutropenic children undergoing
chemotherapy, IL-6 proves to be a superior predictor
of Gram-negative bacteremia compared to CRP.
However, due to the small sample size, the statistical
significance of this association remains uncertain.
Despite this, CRP remains a valuable and cost-
effective test for sepsis when IL-6 testing is not feasible.
IL-6 emerges as the most effective parameter in

Table IV: Difference of interleukin-6 among patients with gram-positive bacteremia and gram-negative bacteremia
(n=50)

Gram-positive bacteremia Gram-negative Bacteremia p value
(mean±SD) (mean±SD)

Interleukin-6 687.50±616.53 792.65±569.18 0.695

*p value was determined by independent student t test.
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predicting bacteremia. Further studies are needed to
determine the clinical relevance of these findings and
their potential application in early discharge, outpatient
therapy with once-daily intravenous antibiotics (e.g.,
Ceftriaxone) or even the use of oral antimicrobial
therapy. These approaches have the potential to yield
significant cost savings, reduce exposure to hospital-
acquired pathogens, improve the quality of life for
children, and minimize disruption to family life.

Acknowledgements

The authors would like to express their sincere
gratitude to the guides, teachers, and colleagues for
their help in data analysis and manuscript revision
and editing.

Conflict of interest: The authors declare that they
have no competing interests.

Funding: This study was partially financially
supported by the research grant for student,
BSMMU, Bangladesh Medical Research Council
(BMRC).

Ethical approval: Ethical Clearence from BMRC.

Submitted: 11 September, 2023

Final Revision Received: 14 March, 2024

Accepted: 09 January, 2024

Published: 01 April, 2024

References

1. Gupta M, Kini P, Bhat Y, Aroor S. Interleukin-6 versus C-

reactive protein as markers for early detection of bacteremia

in febrile neutropenia in pediatric population. Indian J Med

Paediatr Oncol. 2020;41:702–06.

DOI: 10.4103/ijmpo.ijmpo-257-19.

2. Abboud MR, Ghanem K, Muwakkit S. Acute lymphoblastic

leukemia in low and middleincome countries: Disease

characteristics and treatment results. Curr Opin Oncol.

2014;26:650–55.

 DOI: 10.1097/cc0.0000000000000125

3. Hansen B-A, Wendelbo Ø, Bruserud Ø, Hemsing AL,

Mosevoll KA, Reikvam H. Febrile neutropenia in acute

leukemia. Epidemiology, etiology, pathophysiology and

treatment. Mediterr J Hematol Infect Dis.

2020;12:e2020009.

DOI: 10.4084/MJHID.2020.009.

4. Wanitpongpun C, Teawtrakul N, Lanamtieng T, Chansung

K, Sirijeerachai C, Amampai W, et al. Clinical factors predictive

of mortality in acute leukemia patients with febrile

neutropenia. Am J Blood Res. 2021;11:59–65.
PMCID: PMC8010598

5. Keck JM, Wingler MJB, Cretella DA, Vijayvargiya P, Wagner

JL, Barber KE, et al. Approach to fever in patients with

neutropenia: a review of diagnosis and management. Ther

Adv Infect Dis. 2022;9:1–17.

DOI: 10.1177/20499361221138346

6. Lakshmaiah KC, Malabagi AS, Shetty R, Sinha M, Jayashree

RS. Febrile Neutropenia in Hematological Malignancies:

Clinical and Microbiological Profile and Outcome in High

Risk Patients. J Lab Physicians. 2015;7:116–20.

DOI: 10.4103/0974-2727.163126

7. Kar YD, Özdemir ZC, Bör Ö. Evaluation of febrile neutropenic

attacks of pediatric hematology-oncology patients. Turk

Pediatr Ars. 2017;52:213–20.

DOI: 10.5152/TURK Pediatri ARS.2017

8. Durkin TJ, Barua B, Savagatrup S. Rapid Detection of Sepsis:

Recent Advances in Biomarker Sensing Platforms. ACS

Omega. 2021;6:31390–95.

DOI: 10.1021/acsomega.1c04788

9. Garbers C, Heink S, Korn T, Rose-John S. Interleukin-6:

designing specific therapeutics for a complex cytokine.

Nat Rev Drug Discov. 2018;17:395–412.

DOI: 10.1038/nrd.2018.45.EPub 2018.

10. Zhu Q, Li H, Zheng S, Wang B, Li M, Zeng W, et al. IL-6 and

IL-10 Are Associated With Gram-Negative and Gram-

Positive Bacteria Infection in Lymphoma. Front Immunol.

2022;13:2–10.

DOI: 10.3389/fimmu.2022.856039.

11. Srinivason A, Kumar N, Scott JX. Evaluation of serum

procalcitonin, serum interleukin 6, and interleukin 8 as

predictors of serious infection in children with febrile

neutropenia and cancer. Indian J Cancer. 2020;58:185–

89.

DOI: 10.4103/ijc.ijc-808-18.

12. Kakaje A, Alhalabi MM, Ghareeb A, Karam B, Mansour B,

Zahra B, et al. Rates and trends of childhood acute

lymphoblastic leukaemia: an epidemiology study. Sci Rep.

2020; 10: 6756.

DOI: 10.1038/s41598-020-63528-0.

13. Mberu BU, Haregu TN, Kyobutungi C, Ezeh AC. Health and

health-related indicators in slum, rural, and urban

communities: A comparative analysis. Glob Health Action.

2016;9:1–13.

DOI: 10.3402/gha.v9.33163.

14. Lucas AJ, Olin JL, Coleman MD. Management and preventive

measures for febrile neutropenia. P T. 2018;43:228–332.

PMID:29622943

15. Kuo FC, Wang SM, Shen CF, Ma YJ, Ho TS, Chen JS, et al.

Bloodstream infections in pediatric patients with acute

leukemia: Emphasis on gram-negative bacteria infections.

J Microbiol Immunol Infect.2017;50:507–613.

DOI: 10.1016/j.jmii.2015.08.013.EPub 2015

16. Li S, Rong H, Guo Q, Chen Y, Zhang G, Yang J. Serum

procalcitonin levels distinguish Gram-negative bacterial

30 Bangladesh Medical Res Counc Bull 2024; 50: 25-31

Role of Interleukin-6 in Febrile Neutropenia Md. Imran Habib et al.



sepsis from Gram-positive bacterial and fungal sepsis. J

Res Med Sci. 2016;21:1–8.
DOI: 10.4103/1735-1995.183996.

17. Kim SK, Han SB, Kang JH. Association between cytokine
concentration kinetics and prolonged fever in febrile
neutropenic children with bacteremia. Int J Immunopathol

Pharmacol. 2022;36.
DOI: 10.1177/03946320221095015

18. van der Galiën HT, Loeffen EAH, Miedema KGE, Tissing
WJE. Predictive value of PCT and IL-6 for bacterial infection
in children with cancer and febrile neutropenia. Support

Care Cancer. 2018;26:3819–26.
DOI:10.1007/S00520-018-4249-3.

19. Daef EA, Elsherbiny NM, Agban MN, Riad KF, Mohammed
LF. Bloodstream Infections in Febrile Neutropenic Pediatric
Cancer Patients: Microbiological and Sepsis Biomarkers
Insight. Egypt J Immunol. 2018 Jun;25:21–34.
PMID: 30600945

20. Doerflinger M, Haeusler GM, Li-Wai-Suen CSN, Clark JE,
Slavin M, Babl FE, et al. Procalcitonin and Interleukin-10
May Assist in Early Prediction of Bacteraemia in Children
With Cancer and Febrile Neutropenia. Front Immunol.

2021;12:1–9.
DOI: 10.3389/fimmu.2021.641879.

Md. Imran Habib et al. Role of Interleukin-6 in Febrile Neutropenia

31Bangladesh Medical Res Counc Bull 2024 50: 25-31


