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ABSTRACT

Background. No scoring system has been published to date to assess the risk of superinfections (SI) for high-risk children with febrile 
neutropenia (HRFN). 
Methods. SI diagnoses during or 1 week after initiating antibiotic therapy in HRFN children were evaluated. Eight hundred and forty-nine 
episodes of febrile neutropenia (FN) were included in a prospective study to evaluate a scoring system designed to identify SI. 
Results. In the derivation set (566 episodes), 17% had SI. A multivariate analysis identified the following significant SI-related risk factors: 
acute lymphoblastic leukemia-acute myeloid leukemia (ALL-AML, OR, 1.87; 95% CI, 1.13-3.10), central venous catheter (OR, 2.11; 95% CI, 
1.23-3.62), and febrile episode occurring within 10 days after chemotherapy (OR, 1.86; 95% CI, 1.09-3.15). A SI scoring system could be 
built: 1 point for ALL-AML, 1 point for the presence of a central venous catheter, and 1 point for the febrile episode occurring within 10 days 
after chemotherapy. If patients collected 3 points, then their risk of SI was 25.8%. With 2 points the risk was 16.7%, and with one minimum 
score of 1 point, their risk was 10.9%. The sensitivity to predict SS was 100% and its negative predictive value (NPV) was 100%. In the 
validation set (283 episodes), 49 (17%) children had SI. For children with scores > 0, the scoring system yielded a sensitivity of 100%, 
and a NPV of 100% for predicting SI. 
Conclusions. The use of a SI score for HRFN patients was statistically validated by these results. A better initial predictive approach may 
allow improved therapeutic decisions for these children.
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INTRODUCTION

During the last decade, significant progress was achieved 
in the comprehensive approach to diagnosis and treatment 
of infections during neutropenia in children with can-
cer under chemotherapy.1 Intensive new chemotherapy 
schedules, the massive use of intravenous devices and 
the major use of antimicrobial therapy or prophylaxis 
deepened the complexity of this approach.1,2

Likewise, a very judicious progress has been made in 
the identification of severe infection-related risk factors 
in febrile neutropenia (FN).3-6 Several studies proved the 
importance of the categorization of FN episodes in high 

or low risk.6-9 The type and status of baseline malignant 
disease, the presence of high-risk infectious foci (i.e., face 
or perianal cellulitis, enteritis or respiratory distress), the 
presence of comorbidity, bone marrow depression, the 
febrile episode occurring a short time after chemotherapy 
administration, and high CRP serum levels are the most 
important risk factors.1,3,10 The application of these criteria 
has produced a positive impact in terms of the rational use 
of antimicrobial therapy and the improvement of mortality 
rates of children with FN. Death related to FN has been 
minimized, now being < 5% in the majority of reported 
series in Argentina and worldwide, with worse outcome 
in high-risk patients.1,5,10,11

High-dose chemotherapy and intensive bacteria selec-
tion induced by antimicrobial therapies have contributed to 
longer neutropenia periods and higher exposure to undergo 
secondary infections or superinfections (SI) during the 
course of the same FN episode.12 There is scarce reported 
information on this theme, particularly in pediatrics. Re-
ported incidence of SI in adults occurs in between 12% 
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and 25% of patients and is a major cause of mortality in 
patients with FN.12-15

The use of a scoring system to define risk factors is of 
vital importance because through the analysis of simple 
clinical variables the onset of severe infectious compli-
cations or death may be predicted. Mortality scores in 
adults16 and children17 with FN have been reported. But 
so far, no scoring system based on risk factors leading to 
SI has been reported.

With the objective of defining a scoring system to 
predict the onset of SI and to validate it in a different po-
pulation of children with high-risk FN, a prospective study 
was conducted. Previously, risk factors predisposing to 
SI, clinical features and outcome of SI were all analyzed.

METHODS

From September 2005 to March 2008 a prospective study 
was conducted. It was comprised of two steps. During 
the first step (Step A or definition of the derivation set, 
from September 2005 to December 2006), a risk score 
to develop SI was elaborated. During the second step of 
the study (Step B or validation step, from March 2007 to 
March 2008), the scoring system was statistically proven 
and validated.

All consecutive cancer patients hospitalized for high-
risk FN were included. The study was conducted following 
the guidelines of the Declaration of Helsinki and was 
approved by our institutional ethics committee.

Inclusion criteria were 1) children < 18 years old with 
high-risk FN after chemotherapy for primary malignant 
disease, 2) absolute neutrophil count (ANC) < 500/mm³, 
and 3) one episode of fever > 38.5ºC or two recordings 
> 38.1ºC within 24 h. Patients undergoing bone marrow 
transplantation were excluded.

The following data were collected from each patient at 
onset: age, gender, type and stage of the baseline malignant 
disease, prediction of duration of neutropenia, intravascular 
devices, antibiotic delivery during the previous month, infec-
tion focus, and use of granulocytic colony stimulant factors 
(G-CSF). Further data registered for analysis were micro-
biological findings, therapy employed, and final outcome. 

The FN episode was considered as high risk supported 
by the following evidence-based criteria: 1) severe comor-
bidity (i.e., incoercible bleeding, refractory hypoglycemia 
and hypocalcaemia, hypotension, altered mental status, 

renal insufficiency (estimated glomerular filtration rate 
of < 50% normal for age, hypoglycemia); 2) respiratory 
failure; 3) poor clinical condition; 4) anal, facial, pericathe-
ter, or oral cellulitis, enteritis, sepsis; 5) gingivitis and/or, 
mucositis; 6) advanced baseline malignant disease.4,5,7,9,10

Blood and urine cultures and a chest X-ray were taken 
at onset in each case. In case of skin infection, enteritis or 
pharyngitis, microbiological samples were also obtained. 
If the patient had a long-term intravenous device, blood 
samples from each catheter lumen were taken for quan-
titative cultures. After initial assessment the patient was 
categorized as high or low risk. 

High-risk patients remained hospitalized for treatment 
and close observation. Therapy was stopped whenever 
the child remained > 72 h without fever and showed and 
absolute neutrophil count > 100/mm³.

Renal failure was defined as a fall of 50% of the 
glomerular filtration rate according to patient age. Liver 
impairment was defined as a serum alanine aminotransfe-
rase level >4 times normal or bilirubin > 3 mg/dL. Sepsis, 
septic shock, and multiorgan failure were defined as pre-
viously reported.18 Metabolic data were analyzed based 
on previously reported recommendations.19

The advanced stage of baseline malignant disease was 
stated if there was a bone marrow disease compromise, 
disease recurrence, second tumor, high-dose chemothera-
py, or associated genetic abnormality.

SI was defined as any infectious or febrile episode not 
present when initial detection of a FN occurred within the 
period of antimicrobial treatment or within 7 days after 
completing this therapy.12

Treatment was assumed as successful when the FN 
episode resolved without a new need of hospitalization 
within 7 days alter discharge. The end-point variable was 
the presence of SI.

Data from episodes with SI were compared with 
those without during both phases of the study episodes 
(definition of the derivation set and validation step). Data 
analysis was performed using the Statistical Package for 
Social Sciences (SPSS) v.11.0. Descriptive data were 
expressed as percentages, medians, and ranges or as mean 
and standard deviation. Associations between potential 
risk factors and bacteremia were analyzed through biva-
riate and multivariate methods. Statistical significance 
was calculated using chi-square or Fisher exact test 
for nominal variables and Student t tests or Wilcoxon 
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rank-sum test for numerical variables. All independent 
variables that yield p < 0.10 in the bivariate analysis were 
included as covariables in the multivariate analysis (lo-
gistic regression, forward stepwise method; p in = 0.05; 
p out = 0.10). Risk is reported as the relative risk (RR) 
for bivariate analyses and adjusted odds ratio (OR) for 
logistic regression analyses. Statistical significance is 
reported as p and 95% confidence interval (95% CI). 
Model and score performance are expressed as sensitivity, 
specificity, predictive values and overall accuracy. All p 
values < 0.05 were regarded as significant.

RESULTS

During the accrual study period, 848 episodes of FN in 
628 pediatric cancer patients were included, 143 (17%) 
of whom developed SI.

Superinfections
During Step A, where the derivation set was defined, 94 
(17%) episodes of SI were diagnosed, and during the vali-
dation Step B, 49 (17%) episodes were detected (p = NS). 
The median time to SI onset was 9.3 days (range: 1-25 
days). There were no significant differences in SI onset 
between the study phases (8.1 vs. 10.6 days for Step A 
and B, respectively) (p = NS). It could be stated that 
patients included in the derivation set showed with more 
frequency a clinical focus of infection. They had lower 
levels of skin and soft tissue infections and pneumonia 
than those included in the validation set (p < 0.05). The 
incidence of bacteremia was similar for both groups (22% 
vs. 31% in the derivation set and the validation set, respec-
tively, p = NS). Gram-positive cocci were more common, 
coagulase-negative Staphylococci being the predominant 
microorganism for both groups of patients. Children with 
SI included in the derivation set showed a higher incidence 
of Gram-negative bacilli infections (p = NS). Candida 
spp. infections were more frequent in the validation set 
(p = NS) (Table 1).

Step A: Defining the Derivation Set
During this period, 566 episodes of FN in 432 patients 
were included, of whom 94 developed SI (17%). Median 
age of patients included in this phase was 60 months and 
did not differ from patients included in the validation set 
(84 months, p = NS).

Table 1. Comparison of clinical and microbiological features bet-
ween the derivation and the validation sets

Variable Derivation set
(n = 94)

Validation set  
(n = 49)

Age in months (median and range) 75.7 (3-204) 77.1 (2-220)
Male gender n (%) 47 (50) 24 (49)
Clinical focus of infection n (%) 72 (76) 27 (55)#
Site of infectious foci n (%)
Skin and soft tissue
Upper respiratory tract infection
Pneumonia
Pneumonitis
Catheter-associated infection
Diarrhea
Enteritis 
Urinary tract infection

  2 (3)
  7 (10)
  6 (8)
19 (26)
24 (33)
  4 (5)
  8 (11)
  2 (3)

  7 (26)#
  0
  7 (26) #
  4 (15)
  4 (15)
  2 (7)
  3 (11)
  0

Bacteremia n (%) 21 (22) 15 (31)
Blood cultures findings n (%)
Gram-positive cocci:
Staphylococcus aureus
Staphylococcus epidermidis
Streptococcus viridans
Enterococcus spp.
Gram-negative bacilli:
Escherichia coli
Klebsiella pneumoniae
Pseudomonas aeruginosa
Enterobacter spp.
Stenotrophomonas maltophilia
Fungi
Candida spp.

 11 (52)
  4
  4
  2
  1
  9 (43)
  3
  4
  1
  1
  0

  1 (5)

  9 (60)
  2
  3
  2
  2
  3 (20)
  0
  1
  1
  0
  1

  3 (20)

#p ≤0.05

No statistically significant differences in demographic 
and clinical features were observed in the FN episodes 
included in both phases of the study. During both periods of 
the study, leukemia, and particularly acute lymphoblastic 
leukemia (ALL), was the most common malignant disease. 
Twenty-five percent of these patients were undergoing the 
induction phase of leukemia therapy, and most of them 
had severe neutropenia (ANC < 100/mm³). Two thirds of 
patients had a central venous catheter and most showed a 
clinical focus of infection at onset. Mortality was low in 
both phases of the study (2%) (Table 2).

A bivariate analysis was conducted to investigate 
the risk factors to develop SI. It could be stated that the 
children with SI were < 1 year of age (RR: 1.74; 95% 
CI: 1.12-2.69). Leukemia was the most common base-
line disease (RR: 1.95; 95% CI: 1.27-2.98). There was 
a higher rate of presence of a central venous catheter 
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Table 2. Comparison of clinical features in 849 FN children with and without superinfections

Variable Derivation set
(n = 566)

Validation set 
(n = 283)

Age in months (median and range)   60 (1-240)   84 (1-252)
Male gender n (%) 308 (54) 144 (51)
Type of baseline malignant disease n (%)
    • ALL
    • AML
    • Lymphomas
    • Solid tumors

240 (42)
  92 (17)
  46 (8)
188 (33)

122 (43)
  60 (21)
  14 (5)
  87 (31)

Induction of remission of baseline malignant disease 144 (25)   65 (23)
Neutrophil count at onset <100/mm³ n (%) 403 (71) 247 (87)
Central venous catheter n (%) 360 (64) 206 (73)
G-CSF therapy n (%)   66 (12)   29 (10)
Malnutrition n (%) 138 (24)   29 (10)
Days elapsed since last chemotherapy administration (median and range)     8 (1-30)     7 (1-65)
Presence of clinical infectious focus n (%) 419 (74) 189 (67)
Days of fever (median and range)   38 (35-41)   38 (36-40)
Antimicrobian prophylaxis n (%)   56 (10)   41 (14)
Superinfection n (%)   94 (17)   49 (17)
Deaths n (%)   11 (2)     7 (2)

ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; G-CSF, granulocytic colony stimulant factors
p = NS.

(RR: 2.21; 95% CI: 1.33-3.37) and shorter time since the 
last chemotherapy administration (6.4 vs. 8.4 in patients 
with and without SI, respectively, p < 0.001). When this 
last variable was split, it could be determined that a higher 
risk of developing SI appeared when the time elapsed from 
the last chemotherapy was < 10 days (RR: 1.72; 95% CI: 
1.09-2.70) (Table 3).

All variables that proved to be statistically significant 
(p < 0.20) were taken into account to perform the mul-
tivariate analysis. The model includes three significant 
variables as independently associated wit SI: acute leu-
kemia as malignant baseline disease (OR: 1.87; 95% CI: 
1.13-3.10), presence of central venous device (OR: 2.11; 
95% CI: 1.23-3.62), and time elapsed since the last che-
motherapy administration < 10 days (OR: 1.86; 95% CI: 
1.09-3.15) (Table 4). 

The score to predict SI development was built based 
on these three variables. Given the fact that their statistical 
weight (beta coefficient and adjusted odds ratio, Table 4) was 
very similar and that this would simplify the use of the score 
in everyday practice, one point was assigned in the score 
to each significant variable (leukemia as baseline disease, 

presence of central venous device, and time elapsed since 
last chemotherapy administration < 10 days). Patients with 
only one point of the score had an estimate risk of 10.9% of 
developing SI, with 2 points: 16.7%, and summing up 3 po-
ints: 25.8%. Contrariwise, patients with a score of 0 seemed 
to have no risk to develop SI (Table 5). This cut-point of 
the score was significantly correlated with SI development 
(p ≤ 0.0001, chi square). All patients with SI had a score > 0 
and no patient with a score of “0” points developed SI (sen-
sitivity and negative predictive value of 100%).

Step B: The Validation Phase
During this phase, 283 FN episodes in 196 patients were 
included. When the score defined by the derivation set was 
applied to the validation set, a highly significant associa-
tion between the score and the presence of SI was observed 
(p < 0.0001, chi square). Incidence of SI increased with the 
score value (10.3% with 1 point, 12.8% with 2 points and 
25.8% with 3 points, Table 6). Again, all patients with SI 
had a score > 0 (sensitivity 100%; 95% CI: 92.7-100%), 
and no patient with a score of “0” points developed SI 
(negative predictive value 100%; 95% CI: 79.6%-100%).
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Table 3. Bivariate analysis of risk factors to develop superinfections in patients included in the derivation set

Variable With SI
(n = 94)
n (%)

Without SI
(n = 472)

n (%)

RR; 95% CI
p value

Age in months (median and SD) 71.02 ± 57.1 79.94 ± 61.5 0.146*
Less than 1 year of age
  Yes
  No

19 (20)
75 (80)

53 (11)
419 (89)

1.74; 1.12-2.69
0.017#

Male gender
  Yes
  No

47 (50)
47 (50)

261 (55)
211 (45)

0.346#

ALL and AML 
  Yes
  No

69 (73)
25 (27)

263 (56)
209 (44)

1.95; 1.27-2.98
0.001#

Malnutrition 
  Yes
  No

24 (25)
70 (75)

114 (24)
358 (76)

0.776#

Induction of remission therapy
  Yes
  No

27 (29)
67 (71)

117 (25)
355 (75)

0.42#

Neutrophil count at onset < 100/mm³
  Si
  No

71 (75)
23 (25)

332 (70)
140 (30)

0.310#

Central venous catheter
  Yes
  No

74 (79)
20 (21)

286 (60)
186 (40)

2.21; 1.33-3.37
0.0008#

G-CSF therapy 
  Si
  No

12 (13)
81 (87)

54 (11)
418 (89)

0.688#

Days from last chemotherapy (median and SD) 6.4 ± 4.2 8.4 ± 4.9 0.001*
Fever <39ºC 
  Yes
  No

23 (24)
71 (76)

108 (23)
364 (77)

0.987*

Clinical focus at onset
  Yes
  No

75 (80)
19 (20)

344 (73)
128 (27)

0.987*

Antimicrobial prophylaxis
  Yes
  No

9 (10)
85 (90)

47 (10)
425 (90)

0.910 #

Initial therapy with C3G 
  Yes
  No

17 (18)
77 (82)

87 (18)
385 (82)

0.937 #

Initial therapy with CPN 
  Yes
  No

6 (6)
43 (94)

8 (8)
225 (92) 0.974 #

#Chi square test. 
*Mann-Whitney test. 
ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; PMN, G-CSF, granulocytic colony stimulant factors; SD, standard 
deviation; C3G, third-generation cephalosporins; CPN, carbapenem.
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DISCUSSION

Risk assessment allows the classification FN patients in 
high and low risk, adapting therapies and allowing new 
treatment modalities for low-risk patients, which are cost-
saving and improve their quality of life or more aggressive 
and precocious approaches for the high risk subset of pa-
tients.20-24 This last group of patients develops subsequent 
secondary infections or SI, which are a frequent problem 
with high morbidity and mortality rates.12-15 In spite of the 
importance of this subject, very few studies have addressed 
the matter and none in children. SI were studied seconda-

Table 4. Multivariate analysis of risk factors to develop SI*

Variable Beta coefficient Adjusted OR CI 95% p value

ALL and AML 0.626 1.87 1.13-310 0.015
Presence of catheter 0.747 2.11 1.23-3.62 0.007
Time elapsed since last chemotherapy <10 days 0.619 1.86 1.09-3.15 0.022

*Hosmer-Lemeshow goodness of fit: p = 0.647. 
ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia.

Table 5. Probability of developing SI according to score in the 
derivation set

Score points Without 
superinfection

(n = 472)

With 
superinfection

 (n = 94)

Total
(n = 566)

0 15 0 15

1 114 (89.1%) 14 (10.9%) 128

2 189 (83.3%) 38 (16.7%) 227

3 121 (74.2%) 42 (25.8%) 163

rily in clinical trials addressing the treatment of FN where 
the efficacy of antimicrobial agents was compared.12

The reported incidence of SI in adults was between 
12% and 24%,12-15 results in accordance with ours (17%). 
This somewhat wide variation in the incidence of SI may 
be due to different features of the populations selected 
for the studies. 

SI usually appear after the first 5 days of therapy. Only 
a small proportion of them take place before that time.12 
Median time for SI onset in our study was 9.3 days, similar 
to reported international evidence where the average was 
10 days.12-15

The microbial agents responsible for SI vary accor-
ding to studies. Nucci et al reported a high incidence of 
fungi isolations (33%) in their patients.13 However, in the 
series of Arkova et al. > 50 bacteriological isolations in 
patients with secondary infections (50%) were caused by 
gram-positive bacteria, and in the second place fungi were 
found in 42% of the isolations.12 In our pediatric series, 
gram-positive bacteria were more frequently found in 
blood cultures. Staphylococcus epidermidis was the most 
common, followed by S. aureus. In third place were the 
fungi. We could document a higher incidence of Klebsiella 
spp. in children with SI. This agent was not frequently re-
ported in other series. This may be displaying a particular 
epidemiological context in our institution. In a previous 
study on intranosocomial infections carried out in our Hos-
pital, Klebsiella spp. was a highly prevalent pathogen.25

The incidence of identification of a clinical focus of in-
fection in our patients was high (65%) in comparison with 
that reported by Arkova et al (30%).12 The most frequent 
clinical foci of infection were respiratory, in accordance 
with data reported by these authors in a study including 
1720 adult patients with FN.12

Infections associated with the presence of central 
venous catheters followed in terms of incidence in our 
setting. In the multivariate analysis it could be determined 

Table 6. Probability of developing SI according to score in the 
validation set

Score points Without 
superinfection

 (n = 234)

With 
superinfection

 (n = 49)

Total 
(n = 283)

0 15 0 15

1 52 (89.7%) 6 (10.3%) 58

2 75 (87.2%) 11 (12.8%) 86

3 92 (74.2%) 32 (25.8%) 124
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that patients with AML or ALL on induction, with central 
intravenous catheter and chemotherapy delivered before 10 
days from the onset of a FN episode, were all significant 
risk factors to develop SI.

Onset of SI is in close relation with the duration of se-
vere neutropenia.12,13 In patients receiving more intensive 
chemotherapy, this condition is always present. In our 
study, patients undergoing induction of remission therapy 
for acute leukemia displayed all risk factors associated 
with developing SI. Other authors reported the association 
of acute leukemia and SI in adults.12,13

Santolaya et al. reported that a short time elapsed since 
the last chemotherapy administration is a predictive factor 
to develop SI in children.26 This was a major risk factor 
to develop SI in our setting. We could further split this 
variable to define that a time < 10 days was statistically 
significant to predict these infections.

The use of intravenous catheters is associated with 
the onset of fungemia and bacteremia in patients 
with FN.27,28 Nucci et al. detected that the use of cen-
tral venous catheters was a risk factor to develop SI 
in a group of 33 adult patients with FN, 46 of whom 
developed secondary infections.13 Likewise, Arkova 
et al. could state that the presence of a central venous 
catheter was a risk factor to develop SI in a multivariate 
analysis of their series.12 We were able to observe the 
same findings in our setting.

SI was reported to have a high mortality rate. In data 
reported by Arkova et al., mortality was 5.4% in the subset 
of patients with SI and 1.4% for those patients who did 
not develop secondary infections.12 Other series showed 
higher rates, even up to 24%.12-15 In our study, 14% of 
children who underwent SI died, whereas mortality rate 
of patients without SI was only 2%.

Several authors studied the risk factors to acquire severe 
infections or to die as a result of the infection.1 Different 
scores were put forward to assess the risk of mortality in 
adult cancer patients with FN admitted to Intensive Care 
Units.16 Recently, we designed and tested a score to predict 
mortality in children with FN. Its application implied a 
major clinical advantage because the recognition of simple 
variables may lead to an appropriate and reproducible risk 
categorization of these patients and subsequently optimi-
ze the therapeutic approach.17 To the best of the authors’ 
knowledge, there have been no scores reported up to now 
to assess the risk of developing SI in children with FN.

The scoring system defined in the present study was 
able to identify FN children in risk of developing SI with 
a high sensitivity and a high negative predictive value, 
both of which are necessary conditions in a screening 
tool for clinical practice. The variables introduced in the 
score are easy to obtain (acute leukemia under induction 
therapy, presence of a central venous device, and < 10 
days elapsed since the last chemotherapy administration), 
easy to apply and reproduce results in children with FN. 
Its validation with a significant number of patients gave 
a solid statistical support to justify its safe usage in FN 
pediatric cancer patients. 

It may be proven that SI is a fairly common event in 
high-risk FN children with cancer therapy. SI are gene-
rally associated with a clinical focus of infection (usually 
respiratory or enteric infections). It is strongly associated 
with acute leukemia under induction therapy, presence of 
an intravenous device, and < 10 days elapsed since the last 
chemotherapy administration. In our setting Klebsiella spp. 
is frequently found in blood cultures. SI implied high morbi-
dity rates, long hospitalizations, frequent admission in ICU, 
longer need of parenteral antibiotics, and higher mortality.

The judicious application of this score may permit the 
early detection of SI, allowing a faster therapeutic inter-
vention and eventually improving the associated morbidity 
and mortality rates.
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