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Abstract

Febrile neutropenia (FN) is a frequent complication pediatric cancer treatment and is associated with serious infections and death. Most FN episodes 
resolve without a diagnosable infection, however, which leads to ongoing interest in the epidemiology of infection among children with chemotherapy-
induced FN and risk factors for serious bacterial or fungal infection. We retrospectively studied 199 consecutive episodes of FN in a cohort of children 
with cancer at an American tertiary care hospital. Median age of the cohort was 6.1 years (range 0.3 to 24.1), and the most common diagnoses were 
acute leukemia and brain tumors. At least one bacterial or fungal infection complicated 43 episodes (21.6%), most commonly Gram-positive bacteremia. 
Invasive fungal infections complicated 2.5% of episodes, most commonly involving the lung. Overall mortality was 1% and infection-related mortality 
was 0.5%. Most infections were diagnosed within 4 days of fever onset. To evaluate risk factors for bacterial or fungal infection we conducted a nested 
case-control analysis. Odds of infection were higher in children with trisomy 21 or acute myeloid leukemia, although these associations did not meet 
statistical significance. Odds of infection were significantly higher if children had a prior history of a bacterial or fungal infection. Children with FN 
may benefit from initial close observation, but prolonged hospitalization may be unnecessary, especially for those who do not have a prior history of 
infection.
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Introduction

Febrile neutropenia (FN) frequently complicates cancer treatment, 
contributing to overall morbidity and the burden of hospitalization in 
children with cancer [1-6]. Myelosuppression is a side-effect of cytotoxic 
chemotherapy, resulting in recurring episodes of neutropenia; fever 
complicates about 27-34% of neutropenic episodes among children 
receiving chemotherapy or undergoing hematopoietic stem cell 
transplant (HSCT) [1-3]. Due to the risk of serious bacterial or fungal 
infections in children with FN, the difficulty of localizing infections in 
neutropenic children, and the mortality rate associated with inadequate 
treatment [4,5] the historical standard in pediatric hematology-
oncology was hospitalization with empiric broad-spectrum antibiotics 
until the fever resolves and the neutropenia improves [6-8]. Most FN 
episodes resolve without the diagnosis of a serious infection, however; 
bacteremia, the most common infection complicating FN episodes, has 
a prevalence of 20%-29% while invasive fungal infection (IFI) occurs in 
less than 5% of FN episodes. Data on bacterial infections of sites other 
than the bloodstream are limited. Over the past decade there is evidence 
of greater practice variation in the management of pediatric FN [9,10] 
given the benefits of reducing children’s inpatient hospitalization 
time and the development of practice guidelines that emphasize risk 
stratification [9,11-27]. There is no universal approach to risk stratifying 
children with chemotherapy-induced FN [26] which necessitates 
ongoing analysis of risk factors for serious infection [25,27-33].

Materials and Methods

Study Design

To evaluate the prevalence and potential predictors of bacterial 
and fungal infection among pediatric oncology patients with FN at our 
institution, we conducted a retrospective cohort study and a nested 
case-control study. Using hospital billing codes and electronic medical 
records, we obtained a consecutive 3-year sample of children admitted 
with FN to the pediatric hematology-oncology teams at UCSF Benioff 
Children’s Hospital Oakland (Oakland, CA, US), with the end of the 
sample period preceding the Covid-19 pandemic. Children receiving 
treatment for cancer were included in the cohort if they had an 
absolute neutrophil count (ANC) <500 x109/L or (if no ANC was 
reported by the laboratory) a total white blood cell count (WBC) <500 
x 109/L, with fever defined a single temperature >38.3°C or a sustained 
temperature >38°C [34]. Participants were excluded if they were 
receiving or had previously received allogeneic or autologous HSCT 
or had an underlying syndrome (such as Fanconi anemia) associated 
with chronic neutropenia. This study was approved by our hospital’s 
institutional review board and conducted in accordance with the 
Declaration of Helsinki.

Statistical Methods

Continuous variables were not normally distributed and are 
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for FN during the study period; among the rest, the number of 
hospitalizations ranged from 2 to 8. The most common diagnoses 
were acute leukemia and lymphoma. There were 5 participants (3.6%) 
with trisomy 21, all of whom had acute leukemia. Nearly all of the 
participants had a CVC, and 31 (22.1%) had a history of at least 
one prior infection, including bacteremia (N=21), another bacterial 
infection (N=7), or IFI (N=4). All participants received empiric 
intravenous antibiotics with antipseudomonal activity upon the onset 
of fever. Most of the FN episodes (81.9%) developed in outpatients 
who were then admitted; 36 FN episodes (18.1%) occurred in 
children who were already hospitalized, especially those receiving 
high-intensity chemotherapy for acute myeloid leukemia (AML) or 
brain tumors. Among participants with acute lymphoblastic leukemia 
(ALL), 26 FN episodes (13.1% of the total) occurred during the lower-
intensity maintenance phase of therapy.

Infectious Complications

Of the 199 FN episodes studied, 43 episodes (21.6%) were 
complicated by bacterial or fungal infection (Figure 1 and Table 
2). The most common was bacteremia, which complicated 29 FN 
episodes (14.6%); blood cultures were most often positive for Gram-
positive organisms (N=18, including 8 cases of coagulase-negative 
staphylococci). Bacteremia was diagnosed a median of 1 day (1-3) 
after fever onset. Other focal bacterial infections complicated 16 FN 
episodes (8%); these infections were diagnosed a median of 4 days 
(2-6) after fever onset and included typhlitis (N=5), Clostridium 

described using median and interquartile range (IQR). Children 
with multiple episodes of FN during the sample period reentered 
the cohort for each episode. For the case-control analysis, we 
randomly sampled one episode per participant (ensuring that no 
participant was included as both a case and control). Cases were 
defined by culture-proven bacteremia, urinary tract infection (UTI), 
meningitis, cellulitis, osteomyelitis, neutropenic colitis (typhlitis), 
Clostridium difficile enterocolitis, or invasive fungal infection (IFI). 
Clinical and radiographic findings were accepted for diagnosis of 
typhlitis, osteomyelitis, and IFI if cultures were not available [35]. 
Per institutional standards of care, any positive blood culture from a 
central venous catheter (CVC) was considered infectious, including 
coagulase-negative staphylococci. Controls were sampled at a two-
to-one ratio with cases. To compare clinical and laboratory findings 
between the case and control groups, we used rank-sum tests for 
continuous variables and standard two-by-two tables with Fisher exact 
tests for categorical variables. Associations were considered significant 
for a two-tailed p-value <0.05. We also report each association’s 
relative risk ratio (RR) with a 95% confidence interval. Data analysis 
was performed using Stata 13 (Statacorp, College Station, TX).

Results

Study Cohort

The cohort (Table 1) consisted of 199 FN episodes among 140 
participants, 43% female, with a median age at cohort entry of 6.1 
years (3.1-12.3). Most participants (71.4%) were hospitalized once 

Parameter N (%)

Sex

 Female 60 (42.9)

 Male 80 (57.1)

Age* (years), median (IQR) 6.1 (3.1-12.3)

Diagnosis 

 ALL 61 (43.6)

 Brain tumor 19 (13.6)

 Sarcoma 18 (12.9)

 Lymphoma 13 (9.3)

 AML 7 (5)

 Neuroblastoma 7 (5)

 Wilms tumor 6 (4.3)

 Hepatoblastoma 5 (3.6)

 Other diagnosis** 4 (2.9)

History of cancer relapse 21 (15)

Central venous catheter 127 (90.7)

Prior infection 31 (22.1)

Trisomy 21 5 (3.6)

IQR: Interquartile Range; ALL: Acute Lympoblastic Leukemia; AML: Acute Myelogenous 
Leukemia.
*Age at first episode for participants with multiple episodes
**Desmoplastic small round cell tumor (N=1), renal carcinoma (N=2), and rhabdoid liver 
tumor (N=1).

Table 1: Demographic and clinical characteristics of children with chemotherapy-induced 
febrile neutropenia.

Parameter N (%)

Any serious bacterial or fungal infection 43 (21.6)

Days to first infection, median (IQR) 2 (1-4)

Bacteremia 29 (14.6)

 Gram-positive 18 (9)

 Coagulase-negative 8 (4)

 Gram-negative 8 (4)

 Mixed 3 (1.5)

Other bacterial infection 16 (8)

 Neutropenic colitis 5 (2.5)

 Clostridium difficile colitis 4 (2)

 Skin and soft tissue 3 (1.5)

 UTI 3 (1.5)

 Meningitis 1 (0.5)

Invasive fungal infection 5 (2.5)

 Lung 3 (1.5)

 UTI 1 (0.5)

 Multifocal 1 (0.5)

Distributive shock 4 (2)

FN episode with multiple infections 6 (3)

Overall mortality 2 (1)

 Infection-related 1 (0.5)

IQR: Interquartile Range; UTI: Urinary Tract Infection

Table 2: Infections encountered in 199 pediatric febrile neutropenia (FN) episodes.
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Figure 1: Overview of bacterial and fungal infections in the cohort. For episodes with multiple infections, the left panel categorizes the first diagnosed. UTI, urinary tract infection; C. difficile, 
Clostridium difficile enterocolitis.

difficile enterocolitis (N=4), UTI (N=3), and cellulitis (N=3); 5 of these 
infections occurred along with bacteremia. IFI complicated 5 FN 
episodes (2.5%), most commonly pulmonary aspergillosis, diagnosed 
a median of 5 days (0-9) after fever onset. There were 6 episodes 
(3%) complicated by multiple infections; all included bacteremia, 
in combination with other bacterial infection (N=4), IFI (N=1), or 
both (N=1). Overall, the median time from fever onset to the first 
diagnosed infection was 2 days (1-4). Distributive shock requiring 
intensive care occurred in 4 FN episodes (2%) due to bacteremia or 
meningitis, and one of these participants died. Another participant 
died of progressive cancer while hospitalized for FN. Infection-related 
mortality was 0.5%, and overall mortality was 1%.

Risk Factors for Bacterial or Fungal Infection

The case-control sample consisted of 40 cases and 80 controls 
(Table 2). There was not a statistically significant difference in age 
or sex between the cases and controls, although the case group 
contained a larger proportion of children <1 year of age and a larger 
proportion of children who were already hospitalized at fever onset. 
at the onset of FN. The relative risk of infection was markedly higher 
in children with trisomy 21 (RR 3.11 [2.39-4.03]) and those with 
AML (RR 2.11 [1.13-3.95]), although these p-values were >0.05. 
While cases were slightly more likely to have a temperature ≥39°C, 
presenting temperature and laboratory values were not significantly 
different between cases and controls, nor were clinical findings like 
mucositis and gastrointestinal upset. Cases were more likely to have 
fever recurrence after >24 hours afebrile and also to have fevers lasting 
≥7 days, although these associations were not statistically significant. 

There was a significantly increased risk of infection (p<0.004) for 
participants with a prior history of prior bacterial or fungal infection 
(RR 2.16 [1.34 to 3.48]).

Discussion

In this consecutive sample of 199 FN episodes in a typical pediatric 
oncology population at a United States tertiary-care hospital, 21.6% 
were complicated by a bacterial or fungal infection, most frequently 
Gram-positive bacteremia. UTI was more common than expected, 
likely reflecting our emergency department’s practice of obtaining 
non-catheterized urine samples from most febrile children. Although 
undiagnosed UTI would likely be treated by empiric antibiotics, this 
source of pathology in children with FN warrants further investigation. 
In a nested case-control analysis, the relative risk of bacterial or fungal 
infection was higher in children with trisomy 21 and those with AML 
and considerably higher in those with a prior history of infection. 
Infections diagnosed during the study period were generally not 
relapses of prior infection; instead, infection risk may reflect cumulative 
person-level factors, including duration of chemotherapy, cumulative 
antibiotic exposure, and differences in the microbiome.

As with any observational retrospective study, these findings 
are not definitive. Our broadly inclusive definition of infection was 
designed to reflect clinical decision-making, with emphasis on clinical 
data that would indicate a change in management or a longer course 
of inpatient observation. The overall similarity between groups in 
the case-control analysis, as well as the fact that infections occurred 
during relatively low-intensity chemotherapy (like maintenance ALL 
therapy), emphasizes the challenge of risk-stratifying children with 
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FN. There appears to still be a role for initial close observation. Most 
infections in this cohort, however, were diagnosed within the first 4 
days after the onset of fever. For children without trisomy 21, AML, 
or a prior infection history, who do not have overt signs of infection, 
there may be less benefit of longer hospitalization to await neutrophil 
recovery, as long as careful outpatient follow-up can be assured. 
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