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Abstract
Background—The etiology, clinical course and outcome of fever and neutropenia (FN) in
children with cancer using the current FN guidelines and diagnostic resources in the United States
have not been well described.

Patients and Methods—Medical records of one randomly selected FN episode per patient
during 2004–2005 at a pediatric oncology center were reviewed. Patients were managed as per
institutional FN guidelines and blood cultures collected in continuously-read BACTEC™ bottles.

Results—Of 337 FN episodes, infection was proven in 86 (25%) and probable in 75 (22%). 177
episodes (53%) were judged fever of unknown origin (FUO). Bacteremia accounted for most (41)
of the proven bacterial episodes, with viridans streptococci (13), Pseudomonas spp (6) and E. coli
(6) the most frequently isolated organisms. The median time to positivity of blood cultures was 12
hrs (range 5.4 – 143.7) with 93% positive within 24 hours of incubation. Viral pathogens were
identified in 29 (34%) episodes. Compared to other patients, those with FUO had shorter median
duration of fever (0.5 vs. 2.0 days; p<0.0001) and hospitalization (3 vs. 6 days; p<0.0001), longer
median duration since last chemotherapy (6.0 vs. 4.0 days; p=0.01) and were less likely to have a
diagnosis of acute myelogenous leukemia (AML) (11% vs 22%; p=0.009) or develop a clinical
complication (5.1% vs 24.4%; p<0.0001).

Conclusion—Despite currently available diagnostic resources, the majority of patients with FN
have FUO marked by a low rate of clinical complications and no infection-related mortality.
Emergence of viridans streptococci as the most common blood isolate has affected FN treatment
recommendations. Study findings will help further development of strategies for risk stratified
management of fever with neutropenia in pediatric patients.
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INTRODUCTION
Despite a considerable reduction over the past decades in infection-related mortality in
patients with cancers who present with fever and neutropenia (FN), infections remain a
major cause of morbidity and mortality in this susceptible population 1. The strategy of
using empiric antibiotics has greatly influenced the outcome of fever in a neutropenic host 2.
Critical to this strategy is its ongoing update based on the spectrum and resistance patterns
of pathogens isolated from patients and known etiologies as determined by the diagnostic
modalities currently available to clinicians. While in neutropenic patients an overall shift
from gram-negative to gram-positive bacteria 1, 3–6 has been well documented, there are
considerable site- and region-specific differences in incidence of resistant organisms such as
methicillin-resistant Staphylococcus aureus (MRSA) and vancomycin-resistant enterococcus
(VRE); differences that would influence the initial choice of empiric antibiotic therapy. This
study was conducted to describe the etiology and clinical course of fever in neutropenic
children with cancer managed with currently available resources in the United States;
information that was found lacking in literature and that has potential implications for
optimizing care.

METHODS
Study population and Design

All children and adolescents (< 22 years old) with an underlying malignancy who were seen
in the outpatient clinic for FN and admitted to St. Jude Children's Research Hospital
(SJCRH) in Memphis, TN during the study period from 1/1/2004 to 12/31/2005 were
identified. SJCRH is a 60 inpatient bed referral center with approximately 1,800 admissions
per year for children with catastrophic diseases including malignancy and other primary or
acquired immunodeficiency syndromes. Patients who had received a hematopoietic stem cell
transplant (HSCT) or developed FN while hospitalized were excluded from this study. The
medical records were reviewed retrospectively for demographic data, medical history
including underlying cancer diagnosis, relapse, duration of neutropenia, granulocyte-colony
stimulating factor (G-CSF) use, steroid use within the past 14 days, presence of an
indwelling central venous catheter (CVC), interval since last chemotherapy, and other
infection-related factors. These factors included antifungal therapy for a probable or proven
fungal infection within the past 6 months; colonization within the past 4 weeks with MRSA,
VRE or Pseudomonas aeruginosa; prophylactic antibiotics or antifungal agents; and clinical
and laboratory information including vital signs, absolute neutrophil count (ANC), absolute
monocyte count (AMC), and results of cultures from the blood and other sites as indicated
by the clinical assessment. Blood culture sets were collected at admission in continuously-
read BACTEC™ bottles, and routinely included both AEROBIC/F bottles for the detection
of aerobic organisms and the MYCO/F Lytic bottles for the detection of fungi and
mycobacteria. The volume of blood inoculated in the culture bottles was based on the
patient's weight 7. Viral etiologies were identified using direct fluorescent antibody (DFA)
assays for antigen detection and viral cultures for respiratory, stool or mucosal specimens.
Information was collected about duration of hospitalization, development of clinical
complications during the period until the patient had been afebrile for five consecutive days,
and infection-related mortality. This study was approved by the Institutional Review Board
at SJCRH. Patients with FN were managed as inpatients based on institutional FN guidelines
consistent with the IDSA recommendations 2. Intravenous (IV) cefepime 1500 mg/m2/dose
(maximum dose of 2000 mg) every 8 hours was empirically started upon presentation.
Vancomycin was added for any of the following: obvious CVC or soft tissue infection,
history of recent cytarabine treatment, quinolone prophylaxis or therapy at the time of fever,
known colonization with MRSA, evidence of sepsis, suspected central nervous system shunt
infection, and known or suspected infection with Bacillus cereus. Empiric antifungal therapy
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was added if the patient remained febrile on day 5 of antibiotics and neutropenia was
expected to last longer than 5–7 days. Patients could be discharged on oral cefpodoxime or
IV cefepime if blood cultures remained sterile after 24 – 48 hours and there was no evidence
of pneumonia, focus of suspected bacterial infection, evidence of sepsis during the episode,
and no vomiting, stomatitis or diarrhea at the time of discharge. Antibiotics were continued
until resolution of fever for at least 24 hours and recovery of neutropenia, or, if neutropenia
persisted, for a minimum of five afebrile days with no evidence of documented infection or
signs and symptoms of sepsis. The chemotherapeutic protocol for AML patients required
administration of voriconazole for antifungal prophylaxis.

Definitions
Fever was defined as a single oral temperature of ≥ 38.3 °C or an oral temperature of ≥ 38.0
°C that persists for over one hour. Neutropenia was defined as an ANC ≤ 500 cells/mm3.
Hypotension was defined as systolic blood pressure <5th percentile for age and sex, or need
for vasopressor support to maintain blood pressure. Respiratory failure was defined as
arterial oxygen pressure < 60 mmHg on room air or need for mechanical ventilation or
oxygen requirement (unless patient known to have oxygen requirement at baseline).
Bacteremia was defined as a growth of an organism that was judged not to be a contaminant
in a blood culture drawn during a febrile episode. Organisms were considered contaminants
if they were part of skin flora (e.g., diphtheroids other than Corynebacterium jeikeium,
Bacillus spp. not B. cereus, Propionibacterium spp., coagulase-negative staphylococcus
(CNS) or Micrococcus spp.) and if they were isolated from only one culture receptacle. All
other organisms were regarded as pathogens. Proven infection was defined as isolation of a
pathogen from a sterile body site (blood, urine, CSF, or lung biopsy) in the clinical setting of
suspected infection or isolation of a pathogen from the skin or gastrointestinal tract with a
clinical setting consistent with infection at that site. Probable infection was defined as
clinical or radiological findings of infections where the patient shows a prompt response to
antimicrobials and there is no laboratory evidence of any infectious etiology. Fever of
unknown origin (FUO) was defined as fever without any focus or etiology identified by
clinical history, physical examination, radiological or microbiologic testing. Culture-
negative sepsis was defined, in the absence of a positive culture, as a systemic response to a
possible infection by hemodynamic instability, focal or multiple organ involvement such as
poor skin perfusion, oliguria, hypoxemia, and/or altered mental status or lethargy. At the
time of conducting the study, invasive mycoses were classified using the 2002 European
Organization for Research and Treatment of Cancer/National Institute of Allergy and
Infectious Diseases Mycoses Study Group criteria 8. Targeted clinical complications were
altered mental status, arrhythmia or electrocardiographic (ECG) changes, bleeding requiring
transfusion, congestive heart failure, disseminated intravascular coagulation (DIC),
hypotension, intensive care unit (ICU) admission, respiratory failure, renal failure, and other
complications judged serious and clinically significant by the investigator.

Statistical analysis
While all patients during the indicated study period were included in the study, only one
randomly selected FN episode per patient was included for data analysis. This was done to
avoid potential bias related to the inclusion of multiple, not necessarily independent, FN
episodes per patient in the analysis. Frequency tables and descriptive statistics were
calculated. Continuous variables of 2 groups were compared using Mann Whitney U test
while proportions were compared using Chi-square or Fisher's Exact test as appropriate. All
tests were two-tailed and a p-value of < 0.05 was considered to be statistically significant.
SAS version 9.1.3 (SAS institute, Cary, NC) was used for the analysis.
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RESULTS
Baseline characteristics

337 patients with febrile neutropenia (one randomly selected FN episode per patient) met the
study inclusion criteria. Baseline characteristics of patients with FN are shown in Table 1.
The ethnicity distribution of the patients was consistent with the composition of the patient
population at SJCRH. Over 60% of the episodes were noted in patients with an underlying
hematological malignancy. Over half of the patients (56%) had profound neutropenia (ANC
< 100 cells/mm3) and 44% thrombocytopenia (platelets < 50,000 / mm3) at initial
assessment.

Etiology of fever with neutropenia
Even with the currently available diagnostic modalities, 177 (53%) episodes were
categorized as FUO (Table 2). 74 (22%) episodes were attributed to an infectious etiology
based on clinical findings alone (probable infections) and in 86 (25%) episodes a pathogen
was identified based on laboratory tests (Table 3; proven infections). The majority (54;
63%) of the episodes with an identified pathogen was categorized as bacterial infections,
and most of these (41 episodes) were bacteremias. Viral pathogens were identified in 29
(34%) episodes, fungal in 2 (2.4%) and one episode was of mixed bacterial and fungal
etiology. Bacteria most frequently isolated from blood cultures were viridans streptococci
(13 episodes), Pseudomonas spp (6) and E. coli (6). The median time to positivity (TTP) of
the blood cultures collected at the time of admission was 12 hours (range, 5.4–143.7 hours)
and 93% of the bacteremias were detected in the first 24 hours of incubation (Figure 1). In
three episodes (7%) the admission blood cultures turned positive after 24 hours of
incubation - Capnocytophaga sputigena was isolated in two and coagulase-negative
staphylococcus (CNS) in one of these patients. The latter patient had herpes simplex virus
(HSV) mucositis and was clinically septic one hour after presentation. Of interest, there
were no episodes of candidemia identified. 12 patients were diagnosed with fungal
infections, 4 were proven and 8 were probable based on radiological findings of pulmonary
and/or splenic nodules detected after resolution of neutropenia. The proven invasive fungal
infections were caused by Pseudallescheria boydii (1), Cunninghamella spp. (1), and
Aspergillus fumigatus (1) (all pulmonary and culture proven). One additional case of
disseminated aspergillosis involving the lungs, liver and central nervous system was
diagnosed based on CT scan findings in a patient with rising serum galactomannan antigen
(1). The 2 patients with Pseudallescheria boydii and Cunninghamella spp infections were
receiving voriconazole prophylaxis at the time of diagnosis, whereas those diagnosed with
aspergillosis were not. Three other patients receiving voriconazole prophylaxis were
diagnosed with probable breakthrough invasive pulmonary fungal infection, one of whom
died.

Clinical course and outcome
Patients remained febrile for a median of 1.1 days (range, 0.4–73.4) and hospitalized for a
median of 4.0 days (range, 0.25–146). Clinical complications were noted in 48 (14%) of the
episodes and 5 patients died within 2 weeks of admission for FN. Two of these deaths were
related to infection (B. cereus sepsis and presumed disseminated fungal infection) and the
rest to underlying disease or co-morbidities.

There were no significant differences in baseline characteristics, TTP of blood cultures,
clinical course or outcome of patients with gram-negative bacteremia (17; 5.0%) versus
those with gram-positive bacteremia (19; 5.6%) except for duration of fever which was
longer in the latter group (data not shown).

Hakim et al. Page 4

J Pediatr Hematol Oncol. Author manuscript; available in PMC 2010 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Of the 177 patients with FUO, 116 (66%) had fever of < 24 hours; often a single fever spike
not repeated after admission. Patients with FUO had a longer duration since last
chemotherapy (6.0 vs. 4.0 days, p=0.01), and were less likely to have an underlying
diagnosis of AML (11% vs. 22%, p=0.009) as compared to those for whom an infectious
etiology was clinically or microbiologically identified. They also had significantly shorter
duration of fever (median 0.5 vs. 2.0 days, p<0.0001), hospitalization (median 3.0 vs. 6.0
days, p<0.0001) and were less likely to develop clinical complications (5% vs. 24%,
p<0.0001).

DISCUSSION
Infectious complications are an important cause of morbidity and mortality in pediatric
cancer patients presenting with FN. The choice of empiric antimicrobial therapy and site of
care (inpatient versus outpatient) is in part determined by the etiology of FN, time to
establish the diagnosis and risk of related complications and death. The objective of this
study was to describe the etiology and clinical outcome of FN in children with cancer in the
US. Similar to previous studies in pediatric oncology patients in Malaysia, Italy and
Germany 9–12 that have reported 56 to 79% of FN episodes as FUO, we find that in just
over half of all FN episodes, the etiology remains unknown despite use of currently
available diagnostic tools including continuously-read blood cultures, optimizing blood
culture practices 7, direct fluorescent antibody (DFA) assays for antigen detection and viral
cultures for respiratory viruses. When comparing FUO rates across studies, one has to be
cognizant of the differences in how FUO is defined, the standard of care diagnostic work-up
that was used to exclude etiologies prior to determining an episode is FUO, and the timing
of FUO assessment (at admission or after how many days after admission). In one study,
28% of FN patients who ultimately were found to have an underlying infectious etiology
were considered to have FUO based on initial assessment 13. As defined in our study, we
find patients with an FUO have a less severe clinical course and are at low risk for related
morbidity and mortality. Previous studies have reported similar outcomes 10, 14–16. This
information combined with our finding that 93% of bacteremias are diagnosed within the
first 24 hours of admission could potentially influence discharge recommendations after an
initial period of observation. While we can speculate that FUOs might represent undetected
infections (presumably viral) or be the result of an inflammatory process triggered by non-
infectious factors such as the patient's underlying oncological process, chemotherapeutic
agents or other medications, or mucosal irritation, studies to address this question need to be
designed.

A viral etiology based on laboratory-based confirmation was established in one third of the
microbiologically documented infections. This is much higher than what has been reported
previously and emphasizes for clinicians the importance of optimizing use of viral
diagnostics as part of FN work-up. Besides the obvious infection control implications,
confirmation of a viral infection in a patient with FN potentially could reduce the otherwise
empiric antibiotic or antifungal changes that are made in patients with an FUO. In their
prospective study, Castagnola and colleagues documented that 4 (5%) of the 78
microbiologically documented infections (other than invasive mycosis) occurring during
primary FN episodes were due to viral etiology 10. Similarly, in another study involving
pediatric AML patients, viral pathogens were isolated in 22 (8%) of 275 microbiologically
documented infections 11. The most likely explanation for the striking difference in
episodes attributed to a viral etiology between our study and those previously reported may
be the improvement and better availability of diagnostic tests (antigen detection and
cultures) and/or more frequent use of laboratory methods to confirm a clinically suspected
viral infection. We anticipate an even further increase in the proportion of infections deemed
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to be viral with routine use of molecular diagnostic tools (PCR) when processing respiratory
samples; a process recently initiated at our institute.

We found bacteremia as the most common microbiologically documented type of infection,
with gram-positive bacteria being the predominant pathogen. This shift from gram-negative
to gram-positive bacteria has been well documented over the past decade and is similar to
what has been described in adult patients 1, 4, 5, 10, 11, 17, 18. Klastersky and colleagues
reviewed 2142 adult patients with febrile neutropenia, of whom 499 (23%) had bacteremia
15. In that study, the relative frequencies of gram-positive, gram-negative and polymicrobial
bacteremias were 57%, 34% and 10%, respectively. Similarly, the previously described
frequency of gram-positive bacteremias in pediatric FN episodes has ranged from 57% to
80% 10, 11. These findings were in contrast with other studies that showed that gram-
negative bacteria remain the predominant pathogens in multiple centers 9,14, 19–23.
Hospital/community based differences in predominant antimicrobial flora, in part influenced
by differences in antimicrobial pressure, might be an explanation for this difference and
highlight the importance of remaining cognizant of the local trend. Our finding of
Pseudomonas spp and E. coli as the most common gram-negative bacteria isolated in
bloodstream infections is consistent with previous reports 15, 19, 22. However, instead of
coagulase-negative staphylococci, we observed viridans streptococci as the most common
cause of gram-positive bacteremia 1, 19, 22. Viridans streptococcal bacteremia has been
associated with high-dose cytarabine 11, 24–28 and in our study 8 of the 13 patients with
this diagnosis had received high-dose cytarabine as part of their AML chemotherapy
protocol. The latter observation explains in part the likely risk factor behind the high
incidence of viridans bacteremia in our study and supports our institutional FN guidelines
that recommend empiric vancomycin use in patients at high risk for viridans streptococci
bacteremia such as those with AML. Viridans streptococci as the major pathogen for
bacteremias in patients receiving therapy for AML and the role of prophylactic vancomycin
use in this patient population has recently been described 29 in our center.

Our study showed that most bacteremias diagnosed by blood cultures (BACTEC™ culture
media) taken upon admission were detected within 24 hours of incubation emphasizing the
value of an initial observation period as a step down approach to stratified, risk based
approach to FN management. A previous review of 360 febrile patients at our institution
with blood cultures drawn on two or more consecutive days highlighted the value of media
type and blood volume to optimize yield of blood cultures 7 and revealed that the majority
(81 of 94; 87%) of bloodstream infections were diagnosed by day one cultures (personal
communication with Aditya Gaur, MD). The high yield of day one cultures combined with
detection in those positive within 24 hours of culture incubation further supports the early
hospital discharge policy suggested by other studies 12,30–34.

The absence of fungemia in our study population may be the result of antifungal prophylaxis
in high risk patients or a chance finding despite random selection of the FN episodes. While
the overall risk of invasive mycosis (including fungemia) has been low in other pediatric FN
studies 10, 35, the emergence of breakthrough fungal infections in those receiving
prophylaxis with broad spectrum antifungal agents such as voriconazole is of concern 36–
38. Three such confirmed mould breakthrough infections were seen in our study.

Finally, the 0.6 % infection-related mortality seen in this study is on the lower end of the
previously reported rates ranging from 0.5 to 6.6% in pediatric 9, 11, 39, 40 FN studies and
1% to 25% in adult episodes 16, 19. The rate of clinical complications (14%) is also low
compared to that (32%) reported in the only previous study that evaluated clinical
complications in children with FN 41. This may be related to increased vigilance for fever
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and aggressive parenteral antibiotic therapy when fever is documented in the presence of
neutropenia in our study population.

In conclusion, this study finds that half of FN episodes in children with cancer seen at an
oncology center in the US have an undetermined etiology but an overall low risk of clinical
complications and mortality. When blood cultures, collected at admission in automated,
continuously-read blood culture systems utilizing enriched media become positive, they do
so within 24 hours of culture incubation. Our observation of viridans streptococci as the
most common gram-positive pathogen requires further follow-up and supports vancomycin
use as part of initial empiric FN therapy in high risk patients such as those receiving high
dose cytarabine.

Our reported findings combined with information about duration of hospitalization can help
in the design of studies that examine alternative routes of antimicrobial therapy (oral versus
intravenous) and site of care (inpatient versus outpatient) for management of FN in pediatric
cancer patients; approaches for which currently there is much more acceptance and
evidence-based practice for management of adult patients, rather than for children.
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Figure 1.
Distribution of positive blood cultures collected on admission according to time to detection
and microbiologic etiology.
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Table 1

Baseline characteristics of patients with fever and neutropenia (N = 337)

Characteristics Value (%)

Age (median, range) 5.9 yrs (2.4 months–21.6 yrs)

Sex, males 182 (54)

Race

 Caucasian 252 (75)

 African American 50 (15)

 Others 34 (10)

Diagnosis

 Leukemia/Lymphoma/MDS* 221 (66)

 Solid Tumor 116 (34)

Relapse (malignancy) 60 (18)

Central Venous Line 321 (95)

Steroids in the past 14 days 118 (35)

On G-CSF* 96 (28)

Antifungal therapy in the past 6 months 26 (8)

Antibacterial prophylaxis other than TMP/SMX* 30 (9)

Antifungal prophylaxis with Voriconazole 59 (17)

Interval since last chemotherapy (median, range) 5.0 days (0 days–1.4 yrs)

Duration of neutropenia preceding presentation (median, range) 11.0 days (1 day – 4.9 months)

URI, upper respiratory infection; ANC, absolute neutrophil count; Plts, platelets; TMP/SMX, trimethoprim/sulfamethoxazole; G-CSF, granulocyte-
colony stimulating factor; MDS, myelodysplastic syndrome.

*
VRE, vancomycin-resistant enterococcus; MRSA, methicillin-resistant Staphylococcus aureus;
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Table 2

Etiology and Outcome of fever with neutropenia (N = 337)

Outcome Value

Etiology of fever, n (%)

 FUO 177 (53)

 Proven Infections 86 (25)

  Bacteremia 41

  Viral URI 10

  GI infection 10

  HSV mucositis 8

  Pneumonia 7

  Fungal infection 4

  Skin/soft tissue infection 3

  Other† 3

 Probable Infections* 74 (22)

  URI 37

  GI infection 16

  Culture-negative sepsis 14

  S/ST infection 13

  Fungal infection 8

  Pneumonia 7

Duration of fever in days (median, range) 1.1 (0.4–73.4)

Duration of hospitalization in days (median, range) 4.0 (0.25–146)

Clinical complications (as per study definitions), n (%) 48 (14)

Mortality within 2 weeks of FN episode, n (%) 5 (1.5)

FUO, fever of unknown origin; URI, upper respiratory infection; GI, gastrointestinal; S/ST, skin and soft tissue; HSV, herpes simplex virus; UTI,
urinary tract infection

*
A patient may have more than one diagnosis

†
The “Other” category includes 2 UTIs and 1 infectious mononucleosis.
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Table 3

Isolated pathogens in the episodes with demonstrated infectious etiology

Pathogens isolated by sites§ Number of isolates (%)

BLOOD

 Viridans streptococci 12 (29)

  Escherichia coli 5 (12)

  Pseudomonas aeruginosa 4 (10)

 Coagulase-negative staphylococci 3 (8)

  Klebsiella pneumoniae 3 (8)

  Capnocytophaga sputigena 2 (5)

  Staphylococcus aureus 1 (2)

  Bacillus cereus 1 (2)

  Bacillus licheniformis 1 (2)

  Enterococcus gallinarum 1 (2)

  Enterobacter cloacae 1 (2)

  Moraxella nonliquifaciens 1 (2)

  Eikenella corrodens 1 (2)

 EBV* 1 (2)

 Polymicrobial 5 (12)

URINE

  Pseudomonas fluorescens/putida 1 (50)

  Escherichia coli 1 (50)

STOOL†

  Clostridium difficile 7 (70)

 Adenovirus 1 (10)

 Rota virus 2 (20)

WOUND†

  Bacillus cereus 1 (8)

  Pseudomonas aeruginosa 2 (17)

 HSV* 9 (75)

NASOPHARYNGEAL†

 RSV* 3 (20)

 Parainfluenza virus 9 (60)

 Influenza 2 (13)

 Rhinovirus 1 (7)

TRACHEAL OR LUNG TISSUE
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Pathogens isolated by sites§ Number of isolates (%)

  Staphylococcus aureus 1 (25)

  Pseudallescheria boydii 1 (25)

  Cunninghamella spp. 1 (25)

 GP bacteria and fungus 1 (25)

*
HSV, herpes simplex virus; RSV, respiratory syncytial virus; EBV, Epstein Barr virus.

†
C. difficile in stool was detected by a toxin assay, EBV in blood by PCR assay and viral etiologies in stool, nasopharyngeal or wound specimens

by direct fluorescent antibody (DFA) assays for antigen detection and viral cultures.

§
30–53% of the invasive Staphylococcus aureus isolates were MRSA; 66–89% of the invasive Staphylococcus epidermidis isolates were MRSE;

14–41% of the enterococcus isolates were VRE (including both invasive and surveillance isolates); < 5% of the E.coli and Enterobacter spp.
isolates were ESBL producers.
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