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Abstract
Background—Changes in oncology care and the diagnosis and management of influenza over
the past several decades may have altered the epidemiology and outcomes of influenza in pediatric
oncology patients.

Methods—The clinical features and outcomes of 102 pediatric patients undergoing cancer
therapy during 107 episodes of influenza between January 2002 and April 2009 were
retrospectively ascertained.

Results—Median age at the time of influenza was 7.2 years [interquartile range (IQR) 3.8–11.2
years]; 46% of patients were male. Nineteen patients (18%) were recipients of hematopoietic stem
cell transplants (HSCT). Patients’ median absolute neutrophil and lymphocyte counts were 1300/
μL (IQR 500–2967/μL) and 360/μL (IQR 180–836/μL), respectively. Twelve patients (11%) had
co-infections with influenza and one or more other respiratory pathogens. Influenza prompted
patients’ hospitalization during 64% of episodes, and 75% received antiviral therapy.
Complications occurred in 30% of infections and serious complications occurred in 7%. Three
patients died, but no deaths were directly attributable to influenza. Most patients had delays in
cancer therapy; the median delay was 5 days. Neutropenia, concurrent infection, increasing age
and having received HSCT increased the risk of serious complications.

Conclusions—Advances in the management of pediatric cancer and influenza have not altered
the epidemiology and outcome of influenza in oncology patients. Clinical features identify
subgroups of patients with influenza who are at risk for poor outcomes and those with a good
prognosis.
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INTRODUCTION
The last comprehensive review of the epidemiology and clinical characteristics of influenza
infection in pediatric oncology patients was published over 2 decades ago in 1989.1 This,
and subsequent studies of smaller numbers of pediatric oncology patients suggest that these
children, relative to those who are healthy, experience more prolonged symptoms and high
rates of hospitalization and complications.1–6 Case-fatality rates have ranged from 0–5%.
Pediatric oncology care has changed considerably since the 1980s. Many cancer treatment
regimens are more intensive than those used in the past, and hematopoietic stem cell
transplantation (HSCT) is more widely used.7 It is plausible that such advances might
further predispose patients to influenza infection or to greater morbidity and poorer
outcomes than those reported in the past. On the other hand, some risk-stratified therapies
may be less immunosuppressive than traditional regimens and place patients at lower risk
for adverse outcomes.

As therapy for pediatric cancer has evolved, so have strategies for the diagnosis, prevention
and treatment of influenza and its complications. Diagnostic tests for influenza that were
introduced in the last two decades may have better (e.g. nucleic acid amplification tests) or
poorer (e.g. point-of-care tests) sensitivity relative to the “gold standard” of viral culture.8

The choice of diagnostic tests may, therefore, alter the proportion of influenza cases that are
detected and the subsequent management of patients with these infections. Anti-influenza
drugs such as the neuraminidase inhibitors oseltamivir and zanamivir are widely available,
safe, and clinically efficacious in preventing influenza and in preventing the progression of
influenza to serious disease in highly immunocompromised patients.9–11 Annual seasonal
influenza vaccine is increasingly recommended to members of the general public, health
care providers, household contacts of immunocompromised persons, and patients
themselves, although adherence to these recommendations has been less than ideal.12 The
recently introduced cold-adapted intranasal influenza vaccines evoke local mucosal
immunity and provide greater cross-protection than traditional inactivated vaccine
formulations in healthy persons.13 Finally, supportive therapy, including prompt antibiotic
administration for fever and neutropenia and intensive care for pediatric oncology patients
has improved in tandem with progress in the treatment and prevention of influenza. These
developments may have moderated the number and severity of infections.

We reviewed the epidemiology, clinical features, and outcomes of recent cases of
laboratory-confirmed influenza in pediatric patients undergoing cancer therapy at St. Jude
Children’s Research Hospital (St. Jude) to examine how these factors may have been
affected by changes in pediatric oncology and in the prevention and management of
influenza. We also attempted to identify risk factors associated with serious influenza
morbidity and mortality.

MATERIALS AND METHODS
Study population

St. Jude provides comprehensive care for pediatric patients with cancer and
immunodeficiency diseases. All clinical and laboratory data related to influenza and other
acute illnesses is monitored. Children and young adults aged 0–21 years with influenza
infection confirmed by direct immunofluorescence assay, polymerase chain reaction (PCR),
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or respiratory viral culture between January 1, 2002 and March 31, 2009 were identified by
reviewing diagnostic microbiology laboratory results (PCR became available in 2004).
Patients who had received cancer therapy within the 3 months preceding influenza infection
were included in the study, as we sought to include only significantly immunocompromised
patients in the analysis. The study was approved by the St. Jude Institutional Review Board;
informed consent was waived.

Demographic data and clinical findings from the time of onset of symptoms of influenza
until death or the complete resolution of acute illness were abstracted from medical records.
Laboratory test results obtained within 48 hours of the diagnosis of influenza are reported.

Definitions
Influenza was considered to be nosocomially acquired if the illness began 4 or more days
after hospitalization. Influenza-related complications were defined as any adverse clinical
event occurring within 14 days after the onset of influenza; respiratory failure, clinically
significant hypotension, shock, and acute respiratory distress syndrome were defined as
severe complications. Pneumonia was defined as an acute respiratory illness associated with
a new or increased pulmonary infiltrate. A co–pathogen was defined as a pathogenic
bacterium, fungus, or virus isolated from a respiratory specimen obtained within 14 days of
the onset of influenza symptoms. A concurrent infection was defined as the isolation of a
pathogenic microorganism from any body site within 14 days of the onset of influenza.
Influenza-attributable death was defined as death due to respiratory failure for which no
other potential cause was identified.14 Influenza was considered to have contributed to death
if there was clinical or laboratory evidence of persistent or progressive influenza infection at
the time of death.11

Neutropenia and lymphopenia were defined as an absolute neutrophil count (ANC) ≤1,000/
μL and an absolute lymphocyte count (ALC) ≤300/μL, respectively. Hepatic transaminases
were considered elevated if serum aspartate aminotransferase (AST) or alanine
aminotransferase (ALT) activity exceeded the upper limit of normal for age. Influenza A
viruses were not routinely subtyped during the study period.

Statistical analysis
Only the first episode of influenza in a season was included in the analysis. Data were
analyzed by using the Stata 9.0 software package (Stata, College Station, TX). Demographic
and clinical characteristics were compared by using the t, Chi-square, Kruskal-Wallis,
Fisher’s exact or t tests or analysis of variance (ANOVA), as appropriate. P values <0.05 (2-
tailed test) were considered statistically significant. Risk factors for adverse outcomes were
identified by univariate and multivariate logistic regression, and odds ratios (OR) and 95%
confidence intervals (CI) were reported. Final models were based on backward elimination
of variables with a predetermined cutoff of P≤0.1 in univariate analyses.

RESULTS
Demographic and clinical characteristics

During the study period, 174 of the 4,201 pediatric patients with cancer treated at St. Jude
had influenza; the average frequency was 5.7 infections/1,000 patients/year. One hundred
two patients met the inclusion criteria; most others diagnosed with influenza during the
study period had not received cancer therapy during the preceding 3 months. Four patients
had more than one influenza episode (one patient had three episodes, three patients had
two), for a total of 107 distinct influenza episodes. Between 2 and 26 infections were
diagnosed per year, with the largest number of cases reported in the month of February.
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Information on receipt of influenza vaccine was available for 55 patients; 31 (56%) had been
vaccinated during the current season.

Table 1 lists demographic, clinical, and laboratory characteristics of subjects. Patients
contracted influenza at a median age of 7.2 years. More episodes (54%) were diagnosed in
females. Of the 69 patients with hematological malignancies, 61 (88%) had leukemia and 8
had lymphomas (4 Hodgkin lymphoma, 4 non-Hodgkin lymphoma). A total of 10 (15%) of
patients with hematological malignancies were receiving induction chemotherapy and 52
(75%) were in remission. Nineteen patients (18%) had undergone HSCT, a median of 83
days (range, 1–457 days) before the diagnosis of influenza. Most episodes (103, 96%)
occurred in outpatients; 66 patients were hospitalized. Four patients (4%) had nosocomially-
acquired influenza.

Most infections (65%) were caused by influenza A viruses. The most common symptoms of
influenza were fever, cough and coryza (Table 1). Notably, 92% of patients had fever,
including 97% of patients with hematological malignancies, but only 79% of patients who
had undergone HSCT. Clinical symptoms were similar across patients with different cancer
diagnoses. Myalgia was more frequent in patients with influenza B than in those with
influenza A (27% vs. 4%, P=0.001), but there were no other notable differences in the
clinical manifestations of influenza A and B infection. Patients’ median ANC was 1,300/μL
(range 0–14,100/μL), and the median ALC was 360/μL (range 0–5,280/μL). Hepatic
transaminases were elevated in 56 (62%) patients; in 29 (27%) of these, values were more
than twice the upper limit for age. Differences in laboratory values across cancer categories
were driven by the greater incidence of neutropenia, lymphopenia and AST elevations in
patients with hematological malignancies.

Respiratory co-pathogens were identified in 12 patients (11%), most frequently in HSCT
recipients (26%). These included adenovirus (n=4, identified by PCR of blood or isolated
from nasopharyngeal secretions), cytomegalovirus (CMV) (n=3, identified by PCR of blood
or isolated from nasopharyngeal secretions), respiratory syncytial virus (RSV) (n=2,
identified by PCR of nasopharyngeal secretions), human parainfluenza virus 2 or 3 (n= 3,
identified by PCR of or isolation from nasopharyngeal secretions) and Aspergillus fumigatus
(n=1, isolated from a tracheal aspirate); 1 patient had simultaneous influenza, human
parainfluenza virus, and adenovirus infection. Non-respiratory concurrent infections, present
in an additional 6 patients, included bacteremia (n=3, including Pseudomonas aeruginosa,
Enterococcus faecalis and Staphylococcus epidermidis), oral candidiasis (n=2), and
disseminated aspergillosis (n=1).

Treatment and outcome
Anti-influenza therapy was prescribed to 80 patients (75%) for a median duration of 5 days
(range 3–22 days). The median time between the onset of influenza symptoms and initiation
of antiviral therapy was 3 days. The majority of patients (86%) also received concomitant
antibacterial and/or antifungal therapy. Sixty-four percent of the patients were hospitalized
for management of influenza. Table 2 describes treatment and outcome according to number
of episodes.

Radiological studies were obtained for 62 patients. HSCT recipients were more likely than
others to have had radiological studies (79% vs. 53%, P=0.013). Patients who had
radiological tests were febrile and had cough more frequently than others, and their mean
ANC was lower than that of others, but these differences were not statistically significant.
Nineteen patients (31%) who had radiological studies were found to have pneumonia.
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Complications occurred in 32 (30%) of the 107 episodes of influenza (Table 2). Severe
complications included hypotension (n=4) and respiratory failure (n=4). Infectious
complications other than pneumonia included acute otitis media (n=5), Candida mucositis
(n=2), acute bacterial sinusitis (n=4), myocarditis (n=1), bacterial pharyngitis (n=1) and
disseminated aspergillosis.

Three patients died during influenza infection, but no deaths were directly attributable to
influenza. Influenza was judged to have contributed to mortality in only one case. All
patients who died had undergone HSCT (2–185 days before influenza onset), and all had
influenza A infection, pneumonia, other serious complications, and respiratory co-
pathogens. A 12-year-old girl with acute lymphoblastic leukemia (ALL) who had undergone
haploidentical HSCT 6 months previously was admitted with Enterobacter cloacae
bacteremia. She experienced progressive respiratory failure, and Aspergillus fumigatus and
influenza A virus were isolated from tracheal secretions collected on the 15th day of
hospitalization. She expired 30 days after admission. Influenza infection was judged to have
possibly contributed to her death. A 13-year-old girl with acute myelogenous leukemia
developed new pulmonary infiltrates and hypotension on day 3 after haploidentical HSCT.
Influenza A virus and adenovirus were isolated from bronchoalveolar lavage fluid obtained
on the 17th hospital day. Her hospital course was further complicated by human
parainfluenza 2 virus pneumonia and CMV and Epstein-Barr virus viremias. She died on
day 167 of hospitalization. A 15-year-old boy with ALL experienced mental status
alteration, hypotension, and respiratory distress on day 2 after allogeneic HSCT. Influenza A
virus was isolated from nasopharyngeal lavage fluid collected 8 days later, but follow-up
cultures after an additional 5 days were negative for influenza virus. Acute graft-versus-host
disease, concurrent CMV and RSV pneumonia, and persistent candidemia complicated his
hospital course. He died on the 109th day of hospitalization.

Sixty-three patients (62%) had a delay in cancer therapy due to influenza infection (median
delay, 10 days, range 1–26 days). Influenza infection also caused delays in HSCT (n=1) and
elective surgery or diagnostic procedures (n=5), and it prolonged the hospitalization of 2
patients who acquired influenza nosocomially.

Risk factors for adverse outcomes
Logistic regression was used to analyze the influence of demographic and clinical
characteristics (age, sex, race, cancer diagnosis, vaccination status and fever) and laboratory
results (neutropenia, lymphopenia and elevated hepatic transaminases) on the risk of
hospitalization for influenza. Hospitalization for influenza was significantly associated with
fever [OR 12.1, 95% confidence interval (CI) 1.39–118.36; P=0.001] and having an ANC of
<1000 (OR 4.16, 95% CI 1.85–11.07; P=0.024) in both univariate and multivariate analyses,
but not with any other demographic, clinical, or laboratory characteristics.

Radiographically confirmed pneumonia was associated with female sex (OR 3.20, 95% CI
1.04–9.84; P=0.042) and concurrent infection (OR 4.63, 95% CI 1.38–15.54, P=0.013) in
univariate analyses, but the incidence of pneumonia did not vary according to race, cancer
diagnosis, age or the presence of neutropenia, lymphopenia or the presence of concurrent
respiratory pathogens. None of these risk factors was statistically significant in a
multivariate analysis.

Serious complications were more common in older patients (OR 1.18 per year of age, 95%
CI 1.26–24.87; P=0.013), recipients of HSCT (OR 5.6, 95% CI 1.26–24.87; P=0.024),
patients who were neutropenic (OR 4.54, 95% CI 0.87–23.65, P=0.072) and those with
concurrent infections (OR 11.03, 95% CI 2.35–51.72; P=0.002).
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DISCUSSION
A surprising finding of this study is that the morbidity and mortality associated with
influenza is very similar to that observed in previous retrospective and prospective studies of
pediatric oncology patients carried out in our own and other institutions over the past three
decades. Feldman and Webster reported in 1977 that the symptoms of influenza in pediatric
oncology patients at St. Jude were similar to those in healthy children, but that these
persisted about twice as long, 14 days. The median duration of symptoms in the current
study was comparable to that study (15 days), slightly longer than that reported by other
investigators.1, 2 In view of the degree of immunosupression among patients in this study
(42% had an ANC <1000/μL, 37% had an ALC <300/μL, and 17% were HSCT recipients),
it is notable that no mortality was directly attributable to influenza infection. Previously
reported case-fatality rates in the general pediatric oncology population have ranged from
0% to 5%.1–6, 16, 18 Most of these studies were relatively small and did not distinguish
between influenza-attributable and all-cause mortality. All patients who died in this study
had undergone HSCT, a finding consistent with previous reports of higher influenza
mortality rates in transplant recipients at our own and other institutions.5, 17 We also
observed a comparatively low rate (7%) of respiratory failure and shock in the current series.
Tasian et al noted that 4/24 patients with influenza (17%) required intubation and
mechanical ventilation, and Kersun et al reported that 4/42 children (10%) were admitted to
the intensive care unit.2, 5 Only the latter study included HSCT recipients. Surprisingly, no
severe or necrotizing secondary bacterial pneumonia was confirmed microbiologically in
patients in this study and no patient had a delayed respiratory deterioration consistent with
such an infection. It seems plausible that the prompt use of broad-spectrum antibacterial and
antiviral agents (92% and 80% of neutropenic patients received antibacterial and antiviral
therapy, respectively) may have prevented or moderated the course of synergistic bacterial
pneumonia. Alternatively, immunocompromised patients may be less capable of mounting
vigorous inflammatory responses to pulmonary infections and be at lower risk of lung
damage and the adverse outcomes that may complicate pro-inflammatory responses.21

Although low mortality rates and low rates of serious complications were observed in this
series, the morbidity associated with influenza was substantial. A large majority (80%) of
patients was hospitalized due to influenza; this rate is much higher than in previous reports
(0%–20%).1, 2, 6 One possible explanation is that the decision to hospitalize patients may
have reflected their underlying clinical condition, rather than the severity of their respiratory
symptoms. Ninety-eight percent of our hospitalized patients were febrile, and 59% were
both febrile and neutropenic; these clinical findings are commonly used to identify oncology
patients at high risk of serious infection. Our institutional policy is to hospitalize all patients
with fever and neutropenia. Leukemia patients were more likely to be hospitalized because
of influenza than were solid tumor patients or HSCT recipients, and they had the lowest
ANC of any patient group and the highest incidence of febrile neutropenia (52%).

Although more patients were hospitalized in this series than in previous reports, the risk of
other complications does not appear to be significantly increased. Pneumonia was reported
in 17% of pediatric oncology patients with influenza A in one prospective study1 and in
0%–47% of hospitalized patients in retrospective studies2, 3, 6, comparable to the 30% in this
report. Notably, viral and fungal respiratory co-pathogens were identified in many patients
with pneumonia and may have contributed to lower respiratory tract disease. As in previous
reports, patients with cancer experienced postponement of cancer treatment, surgery,
diagnostic procedures, and hospital discharge.1, 2, 6 These delays are inconvenient,
necessitate additional monitoring, and place patients at risk of adverse cancer outcomes.22
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All patients in this study who died had undergone HSCT and had pneumonia and serious
complications. All also had respiratory co-pathogens, which in most cases were likely to
have directly caused or significantly contributed to mortality. Several previous studies of
influenza in pediatric oncology and HSCT patients have identified lymphopenia at the time
of diagnosis as a risk factor for hospitalization, progression to pneumonia, and other
influenza-related complications. 4, 10, 23 Like Kersun et al, we found no relationship between
lymphopenia and adverse outcomes but, in contrast to their results, we found neutropenia to
be a risk factor for serious complications.24 We observed no pneumonia, serious
complications, or death in patients with solid tumors and no serious complications or death
occurred in patients with leukemia or lymphoma who were not neutropenic. Notably,
vaccination against current seasonal influenza viruses was not associated with better
outcomes. However, this observation is subject to selection bias; first, we do not know how
many vaccinated patients were protected from clinically significant infection and, second,
the effectiveness of vaccine is influenced by the timing of its administration relative to the
onset of influenza symptoms. Prior receipt of influenza vaccine, the patient’s age, the timing
of immunization and the concordance of circulating influenza strains with those strains
included in the vaccine also influence the protective efficacy of vaccines against influenza.25

Among healthy children, the annual frequency of seasonal influenza is estimated to be as
high as 24%.1 In previous studies of pediatric oncology patients, influenza has been
diagnosed in 2% to 21% of patients per year.1, 4, 5, 15–18 Fewer than 1% of pediatric
oncology patients in our study had laboratory-confirmed influenza each year. Because
patients with respiratory symptoms were not routinely tested for viral infections at our
institution, the true infection rate is likely to be higher than the rate we observed. Another
explanation for the low observed rate of influenza infection, however, is that St. Jude has
fewer patients at any one time than do many medical centers and provides lodging to many
patients during their treatment. Parents and patients are encouraged to avoid contact with
crowds and with persons exhibiting symptoms of illness, and patients’ school and social
activities may be restricted. Uptake of seasonal influenza vaccination among healthcare
providers has also exceeded 80% annually since 2004.19, 20 These factors may reduce
patients’ exposure to influenza in the health care setting and community. It is possible that
diagnostic tests were preferentially performed on patients who had more severe symptoms
or who were perceived to be at higher risk of severe influenza infection or its complications
and that reported cases reflect the severe end of the disease spectrum.

Influenza-attributable mortality among children and young adults with cancer has remained
relatively stable in the past several decades, but influenza continues to cause considerable
morbidity. The ability to identify patients at high risk of serious complications of influenza
(those who are neutropenic, have concurrent respiratory infections or who have undergone
HSCT) may facilitate a risk-adapted approach to management - aggressive treatment and
supportive care for those at high risk of serious disease while minimizing the duration of
hospitalization and therapeutic interruptions in low-risk patients in whom other serious
illnesses have been excluded. Enhancing preventative strategies for high-risk populations
could also potentially reduce the morbidity of influenza. Although annual influenza
vaccination has been demonstrated as safe and efficacious in the childhood oncology
population, Porter et al and Crawford et al found that only 65–69% of North American and
Australasian pediatric oncologists, respectively, routinely recommend influenza vaccination
for their patients in the United States, a rate similar to that described in patients with
influenza in our study.26, 27 The reasons for this may include lack of knowledge and
misconceptions among both patients and physicians about the immunogenicity and potential
benefits of the vaccine in pediatric oncology patients. Antiviral prophylaxis is not commonly
used, for example, but may be effective for patients in whom vaccine is contraindicated or
unlikely to be immunogenic. An uncontrolled trial of oseltamivir prophylaxis in a pediatric
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cancer center suggested that the agent protected against laboratory-confirmed seasonal
influenza; the drug was also effective and well tolerated in HSCT recipients.28 Further study
is needed to determine whether this approach would be practical over time, as the rapid
emergence of drug-resistant variants has been described in oncology and non-oncology
patients receiving oseltamivir prophylaxis.29, 30

This study demonstrated that advances in the treatment of pediatric cancer and in the
diagnosis and treatment of influenza have had little impact on the severity of influenza in
pediatric cancer patients. In fact, the low prevalence of influenza and lack of directly
attributable influenza-related deaths, in light of a more intensively treated population may
suggest that, if anything, risk is lower and outcomes may be better. A larger proportion of
patients who underwent HSCT experienced serious complications during their episode of
influenza than did those in other groups and the only deaths in this study occurred in
transplant recipients. A greater proportion of patients with neutropenia and a greater
proportion of patients who had concurrent infections developed serious complications than
patients who did not have these comorbidities. Risk-adapted management plans may reduce
the burden of influenza in this population but prospective studies are needed to confirm our
findings and identify the optimal strategies.
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