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Abstract

The incidence rate (IR) of bloodstream infections (BI) and invasive mycoses (IM) during chemotherapy for paediatric acute lym-

phoblastic (ALL) or non-lymphoblastic leukaemias (AnLL) was evaluated for 153 BI and 22 IM diagnosed during 143,668 patient-

days at risk from January 1988 to December 2000. IR, the number of episodes/100 days at risk, was 0.315 for AnLL and 0.092 for

ALL (P < 0.001) with significant changes reflecting the intensity of anti-ALL chemotherapy. IR was 0.097 for first-line less intensive,

0.136 during first-line intensive, 0.261 during second-line therapy (P < 0.001), and 0.021 during maintenance. During intensive che-

motherapy, the IR for BI was 0.134 in ALL with 0.087 for first-line less intensive therapy, 0.110 for first-line intensive, 0.230 for

second-line intensive therapy (P < 0.001) and 0.274 in AnLL (P = 0.001). IR was 0.021 in ALL and 0.048 in AnLL (P = 0.034)

for IM. In conclusion, there is a correlation between intensity of chemotherapy and rate of infections in paediatric acute leukaemias.

� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Infections are an important cause of morbidity and

mortality for patients undergoing cancer treatment. Re-

ported incidence of infections varies between institutions
and among patients treated with similar protocols due

to different local environmental factors and/or prophy-

lactic measures. Recently, many studies have evaluated

infection incidence in children/adults receiving chemo-
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therapy for acute leukaemia both lymphoblastic and

non-lymphoblastic [1–10]. However, most of these stud-

ies used the percentage of observed events in the given

population as a measure of the burden of infection

and/or focused only on infections during neutropenia.
Since the risk of infection in cancer patients is multi-

factorial, with different risk factors simultaneously or

consecutively present in the same patient [11], it is likely

to be present throughout the entire period of chemother-

apy. In this study, we have evaluated the incidence rate

of bloodstream infections (BI) and invasive mycoses

(IM) during the entire period of antileukaemic chemo-

therapy in a cohort of children treated in a single Italian
tertiary care centre from 1988 to 2000.
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2. Patients and methods

2.1. Patients

To be eligible for this study, subjects should have

been diagnosed before 15 years of age with acute lym-
phoblastic leukaemia (ALL), or acute non-lymphoblas-

tic leukaemia (AnLL), and should have been admitted

for treatment at the Division of Paediatric Haematology

and Oncology of the G. Gaslini Institute (IGG) teaching

hospital between January 1, 1988, and December 31,

2000. Patients admitted at IGG for counselling and

those with incomplete medical records were excluded

from the study. First-line treatment protocols used dur-
ing the study period were those officially adopted by the

Italian Association of Paediatric Haematology and

Oncology (AIEOP). In particular, patients with ALL

were treated according to AIEOP ALL-88, ALL-91

and ALL-95, BFM-based protocols [12], while patients

with AnLL received AIEOP LAM-87 and LAM-92

[13,14] protocols. Salvage protocols used in relapsing

patients were more heterogeneous and, in general, more
intensive than first-line protocols.

Information on all cancer patients observed at least

once at IGG either for counseling or treatment has

been stored since 1985 in an electronic data set that

registers demographics, type of neoplasia, date of diag-

nosis and first visit at IGG with dates and type of

antileukaemic treatment (i.e., for leukaemia patients

and for each therapeutic program: start of therapy,
start of maintenance, end of therapy and relapse, if

any). Data on bloodstream infections and invasive

mycoses (i.e., etiology, localisation and date of diagno-

sis) have been collected retrospectively before 1989,

and then prospectively. In 2002, after publication by

Ascioglu and collegues [15] of the first comprehensive

shared definition of invasive fungal infections, all the

episodes were retrospectively evaluated and classified
according to these internationally approved criteria.

Bone marrow transplant patients were not included

in this analysis.

Treatment periods were subdivided according to the

type and phase of disease: induction/consolidation/rein-

tensification for first-line therapy, reinduction after re-

lapse for second-line therapy and maintenance

therapy. First-line treatment for ALL were further di-
vided into: those for low-intermediate risk ALL (that re-

ceived ‘‘less’’ intensive therapy) and those for high risk

ALL. Patients were arbitrary assigned to one of these

risk groups according to the criteria used in the different

antileukaemic protocols adopted. For this reason, each

subject may have contributed to different categories of

treatment periods: ‘‘first-line intensive’’ (high risk ALL

and any AnLL); ‘‘first-line less intensive’’ (low/interme-
diate risk ALL); ‘‘second-line intensive’’ (any relapse)

and ‘‘maintenance’’ (ALL and promyelocytic AnLL).
The duration of the various treatment periods was

calculated from the start date of the first aggressive

treatment period after IGG admission to: the beginning

of another type of treatment period (e.g., a maintenance

therapy), to the first elective end of therapy, to the last

visit at IGG, to the end of the follow-up period (31/
12/2000) or finally, to the date of bone marrow trans-

plantation or death. If a relapse occurred after the end

of therapy, another treatment period was calculated

using the same criteria as before, starting from the date

of relapse. If an intensive treatment period was the last

therapeutic procedure, the end of therapy date was arbi-

trarily postponed by 30 days. The date and type of any

bloodstream infection or invasive mycosis was recorded
for each patient. Deaths occurring within 15 days after

diagnosis of a BI or within 90 days after an IM were de-

fined as infection-related.

2.2. Definitions of infectious episodes

Single-agent bacteraemia was defined as the isolation

of a single pathogen (bacteria or fungus) from blood cul-
ture. For coagulase-negative staphylococci, corynebac-

teria other than Corynebacterium jeikeium and other

skin contaminants, at least two sets of positive blood

cultures were required unless the same pathogen was

simultaneously isolated from the blood and another site

of infection. Polymicrobial bacteraemia was defined as

the isolation of more than one pathogen from the same

blood sample or from two consecutive samples obtained
within 24 h. A febrile illness occurring with isolation of

fungal organisms in one or more blood cultures, without

evidence of visceral involvement, was defined as funge-

mia [16]. Invasive fungal infections were classified as

documented, probable and possible, according to inter-

nationally standardised definitions [15]. An infectious

episode was defined as neutropenia-related if docu-

mented in the presence of an absolute granulocyte count
below 1.0 · 10�6/L [16,17]. Any Hickman–Broviac cath-

eter (CVC) related infections were defined according to

our previously published criteria [16].

2.3. Standard of care during the study period

Antibacterial or antifungal prophylaxis was not rou-

tinely administered, except low dose cotrimoxazole for
P. jiroveci pneumonia prophylaxis. A combination of a

beta-lactam and an aminoglycoside was always used as

initial empirical antibacterial therapy of febrile neutro-

penia [18]. Modifications to initial treatment were per-

formed on the basis of bacterial sensitivity tests or

clinical criteria, by adding or replacing antibacterials

or empirical antifungals as clinically requested. All pa-

tients were fitted if possible, with CVC from diagnosis
of leukaemia or admission to IGG until the end of ther-

apy. Maintenance procedures of CVC were always



Table 1

Etiology and localisation (for invasive mycoses) of infections in

children treated for acute leukaemia at the G. Gaslini Institute

Teaching Hospital between 1988 and 2000

Pathogens from bloodstream infections 162a

Gram-positives 84

Coagulase-negative staphylococci 26

S. aureus 19

Viridans streptococci 25

Other Gram-positives 14

Gram-negatives 70

P. aeruginosa 14

Other Pseudomonadaceae 6

E. coli 15

Klebsiella Enterobacter Serratia group 19

Other Gram-negatives 16

Fungi 8

C.albicans 1

Candida non-albicans 7

Documented invasive mycoses 10

Yeasts 2

Hepatosplenic candidiasis Not identified 2

Filamentous fungi 8

Pneumonia Not identified 3

Aspergillus sp. 1

Disseminated Not identified 2

Aspergillus sp. 2

Probable invasive mycoses 2

Pneumonia Positive galactomannan

antigen

2

Possible invasive mycoses 10

Pneumonia 10

a One sixty two isolated pathogens from 153 episodes. Nine strains

were isolated from five polymicrobial bloodstream infections.
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performed according to international recommendations

[19]. Unless specifically recommended by the antileukae-

mic protocols (i.e., high risk ALL-95 and FLAG and

IDA–FLAG for relapsed AnLL) neither granulocyte

(G-CSF) nor other colony stimulating factors were rou-

tinely administered because of uncertainties about their
effectiveness as prophylaxis for severe infections in leu-

kaemia children [20].

2.4. Statistical analysis

Descriptive statistics were performed and reported as

absolute frequencies or percentages for qualitative data,

in medians and range or means and standard deviations
(SD) for quantitative data. Comparison of frequency

distribution was analysed by the v2 test. Fischer�s exact
test was used in case of at least one expected frequency

less than five.

IR of bloodstream infections and IM were calculated

as the number of events divided by the person-days by

different levels of categorical explanatory variables

(e.g., diagnosis, type of treatment period). IR was ex-
pressed as episodes/100 person-days at risk (pdr) and re-

ported with 95% Confidence Intervals (95%CI).

Person-time data of different groups of patients were

compared by means of the log-rank test or by means of

the test for trend in case of three or more ordered levels

of any explanatory variable. A P value less than 0.05

was considered to be statistically significant. The statis-

tical software ‘‘Statistica’’ (release 6.0, StatSoft Corpo-
ration, Tulsa, OK) and the software ‘‘Stata’’ (release

7.0, StataCorp 2001, College Station, TX, USA) have

been used.
3. Results

During the study period, 436 patients were admitted at
the IGG due to acute leukaemia; 39 came only for coun-

selling and 45 had incomplete medical records. This left

352 patients (204 males, 148 females; 270 ALL, 82 AnLL)

eligible and evaluable for this study. Their mean age at

first observation was 7.0 years (SD: 4.1 years). Overall,

175 infectious episodes were documented in 127 patients

(36%), since 36 children had more than one episode, with

a maximum of four episodes observed in two. BI, with
153 episodes (87%), were the most frequently reported

type of infectious episode, while IM accounted for 22 epi-

sodes (13%). Among the 153 bloodstream infections, sin-

gle-agent Gram-positive bacteraemia accounted for 79

episodes (52%); single-agent Gram-negative bacteraemia

for 64 (42%), polymicrobial bacteraemia for 5 (3%) and

isolated fungemia for 5 (3%) episodes, respectively. The

22 IM were classified as documented in 10 (46%), proba-
ble in 2 (9%) and possible in the remaining 10 (46%) epi-

sodes. Table 1 details the etiology and the localisation
(for IM) of the infectious episodes. The outcome of infec-

tious episodes was favourable in 172 (98.3%). Three pa-

tients died because of the infection, two of the patients

had BI (1.3%) and one IM (4.5%).

3.1. Overall infection rates according with type of

leukaemia and intensity of treatment

In Table 2, patients� underlying disease and contribu-

tion in terms of number and types of treatments cycles,

person-days at risk and number and rates of infectious

episodes have been documented. Overall, 608 treatment
courses were given for a total of 143,668 pdr and due to

the 175 infectious episodes observed, an overall IR (BI

and IM) of 0.122 (95%CI 0.105–0.141) was calcu-

lated. The respective contributions were 0.106 (95%CI

0.091–0125) for BI and 0.015 (95%CI 0.010–0.023) for

IM. The overall IR was different according to the type

of the underlying disease; it was 0.092 for ALL and

0.315 for AnLL (P < 0.001, log-rank test). Moreover,
amongst ALL cases, the IR varied according to treatment



Table 2

Rates of infectious complications in children treated for acute leukaemia at the G. Gaslini Institute Teaching Hospital between 1988 and 2000

Type of cancer Number of

patients at

study entry

Total number

of treatments

Person-days Number of

infectious

episodes

IR (95%CI)

Total ALL 270 495 124 599 115 0.092 (0.077–0.111)

First-line less intensive 138 138 27 725 27 0.097 (0.067–0.142)

First-line intensive 62 62 11 812 16 0.136 (0.083–0.221)

Second-line intensive 70 151 22 620 59 0.261 (0.202–0.337)

Maintenance 0 144 62 442 13 0.021 (0.012–0.036)

Total AnLL 82 113 19 069 60 0.315 (0.244–0.405)

First-line intensive 73 73 13 002 45 0.346 (0.258–0.464)

Second-line intensive 9 38 5647 15 0.266 (0.160–0.441)

Maintenance (APL) 0 2 420 0 0

Total 352 608 143 668 175 0.122 (0.105–0.141)

ALL, acute lymhoblastic leukaemia; AnLL, acute non-lymphoblastic leukaemia; APL, acute promyelocytic leukaemia; IR, infection rate · 10�2

patient-days.
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intensity (Table 2) and increased from 0.097 among chil-

dren treated with first-line less intensive chemotherapy

to 0.136 among those receiving first-line intensive ther-

apy and to 0.261 among those receiving second-line

therapy (P < 0.001, test for trend). As expected, the low-

est IR (0.021) was observed during maintenance treat-

ment for ALL and no further analysis was performed

on the 13 episodes (all BI) observed during this period.
Among patients with AnLL (Table 2), no difference in

IR was observed between patients receiving first-line

therapy (0.346) and those receiving treatment for relapse

(0.266 P = 0.43, log-rank test). Finally, no infectious

episodes were observed during maintenance chemother-

apy for AnLL and no further analysis was conducted

during this treatment period.

3.2. Rates of bloodstream infection and invasive mycoses

reflects treatment intensity

For this analysis, only the 140 episodes of BI and the

22 episodes of IM observed during intensive antileuke-

mic treatments were considered (Table 3). The overall
Table 3

Infection rate for blood stream infections and invasive mycoses in leukemic

Underlying disease Days at risk No. of bloodstream

infections

ALL first-line less intensive 27 725 24

ALL first-line intensive 11 812 13

ALL second-line intensive 22 620 52

Total ALL intensive 62 157 89

AnLL first-line intensive 13 002 40

AnLL second-line intensive 5 647 11

Total AnLL intensive 18 649 51

Total intensive 80 806 140

ALL, acute lymhoblastic leukaemia; AnLL, acute non-lymphoblastic leukae
IR for BI occurring during any intensive treatment for

ALL or AnLL was 0.143 and 0.274, respectively

(P = 0.001, log-rank test). If only ALL cases were con-

sidered, the treatment-specific bloodstream IR was

0.087 for first-line less intensive therapy, 0.110 for

first-line intensive and 0.230 for second-line intensive

therapy (P < 0.001, test for trend). On the contrary, no

significant differences were observed in bloodstream IR
between first-line (IR = 0.308) and second-line

(IR = 0.195) therapies among AnLL patients (P = 0.21,

log-rank test). The IR for IM (Table 3) was 0.021 in

ALL and 0.048 in AnLL (P = 0.034, log-rank test), with

no significant differences in rates observed during differ-

ent intensive treatments among ALL or AnLL patients.

3.3. Role of risk factors in determining the infection rate

Neutropenia at diagnosis of infectious complication

was documented in 79.4% of episodes (n = 139; 121 BI

and 18 IM). In particular, it was present in 74% (85/

115) of the episodes observed in patients with ALL

and in 90% (n = 54/60) of those observed in patients
patients by type of aggressive treatment

Bloodstream

infections

IR (95%CI)

No. of

invasive

mycoses

Invasive mycoses

IR (95%CI)

0.087 (0.058–0.129) 3 0.011 (0.004–0.034)

0.110 (0.064–0.190) 3 0.025 (0.008–0.079)

0.230 (0.175–0.302) 7 0.031 (0.015–0.065)

0.143 (0.116–0.176) 13 0.021 (0.12–0.036)

0.308 (0.226–0.419) 5 0.039 (0.016–0.092)

0.195 (0.108–0.352) 4 0.071 (0.027–0.189)

0.274 (0.208–0.360) 9 0.048 (0.025–0.093)

0.173 (0.147–0.205) 22 0.027 (0.018–0.041)

mia; IR, infection rate · 10�2 patient-days.
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with AnLL. All the neutropenia-related episodes were

documented during intensive phases of treatment. Since

information on the total number of days of neutropenia

was not available the neutropenia-related infection rates

were not calculated. For CVC, the exact dates of inser-

tion and removal of each device were not available for
all patients, and therefore CVC related IR was not cal-

culated. The overall proportion of CVC-related BI was

29.4% (45/153) and in particular 34.3% (35/102) with

ALL and 19.6% (n = 10/51) in AnLL patients. Interest-

ingly, the 13 episodes of BI observed during ALL main-

tenance were all CVC-related. Finally, 10 episodes

(5.7%) were neither CVC nor neutropenia-related: eight

occurred among ALL and two in AnLL patients.
4. Discussion

This study, which analysed 352 children with leukae-

mia treated at a single centre with uniform supportive

care and followed-up with uniform criteria, gave an esti-

mation of the rate of severe infections occurring in leu-
kaemia children undergoing treatment in a tertiary care

centre. We believe that the estimates we calculated

should not be used to evaluate the risk of severe infec-

tion in a given patient and in a peculiar clinical condi-

tion. These data can be used to compare the burden of

infection among ALL and AnLL patients during the dif-

ferent intensive phases of their antileukemic treatments.

They could also represent a baseline for the comparison
of toxicities for new antileukaemia protocols and in the

planning of strategies for the management of infections

in children with leukaemia.

Descriptive studies of infectious complications in pa-

tients with leukaemia usually employ percentages of ob-

served events in the study population to measure

infection burden [2,9,10]. With this approach, each pa-

tient contributes to the denominator independently from
the length of the course of the disease (e.g., a patient that

died after 2 weeks from diagnosis contributes similarly

to another one who completed his treatment plan and

was treated for many months). We believe that the use

of incidence rates (number of episodes/duration of

observation) gives a more accurate estimate of the im-

pact of infectious complications in cancer patients that

allows for a more reliable comparison between different
protocols or studies.

Only few other papers [3,21] report on rates of infec-

tion, although using different types of stratifications

(e.g., underlying disease) or different time measurement

(e.g., every 100 or 1000 days at risk). Our overall blood-

stream IR of 0.122 (95%CI 0.105–0.141) is similar to the

IR of 0.13 that can be easily calculated from the data on

51 children with leukaemia or lymphoma reported by
Auletta and colleagues [3] (40 BI observed during

31,282 days at risk). On the contrary, Velasco and col-
leagues [21] in a study on 110 episodes of BI in 82 pa-

tients aged 1–78 years with different haematological

malignancies reported a rate of 1.024 episodes per 100

days at risk. This discrepancy can not be easily ex-

plained but could in part be from differences in infec-

tious complications observed between adults and
children as previously suggested by the International

Antimicrobial Therapy Cooperative Group of the Euro-

pean Organisation for Research and Treatment of Can-

cer [22] and/or by the different number of patients

included in the studies or finally by local differences.

Our data confirm that the rate of severe infectious

complications in leukaemia children is strictly related

with the type of leukaemia-with AnLL having a higher
rate than ALL-and that in patients with ALL the rate

of severe infection increase with higher treatment inten-

sity. The role of aggressiveness of therapy as a risk fac-

tor for the development of infectious complication is

confirmed by the observation that during maintenance

chemotherapy the rate of infectious complications is

low and mainly related to the presence of CVC. Other

series have already documented that the intensity of che-
motherapy is a risk factor for the development of infec-

tious complications in children with ALL [2] (n = 59,

single centre) and in adults [9] (n = 89, single centre) or

children [10] (n = 304, multicentre) with AnLL. All these

studies however, analysed the incidence of phase-specific

(induction or consolidation) infections and did not con-

sider the duration of treatment in calculating the rate of

severe infectious complications. This aspect was consid-
ered in the already mentioned study by Auletta and col-

leagues [3], in which a higher infection rate among

patients with active disease was documented, as com-

pared to those in remission. Unfortunately these authors

did not stratify the type of underlying disease and used

different and, in our opinion, more arbitrary methods

for the calculation of the length of periods at risk.

We have also documented that the rate of IM during
antileukaemic treatment is more than seven times lower

than that of BI (IR = 0.106 vs. 0.015) confirming that

IM, although often lethal, are infrequent at least in the

paediatric populations. We believe that the overall rate

of 0.122 (0.092 for ALL and 0.135 for AnLL) for IM

is the first reliable estimation of the impact of these com-

plications during treatment for acute leukaemia in chil-

dren. In fact, due to the relative rarity of this
complication, epidemiological data on invasive fungal

infections in children with cancer are scarce, with re-

ported percentages ranging between 5% and 28%

[10,23–26] and with even less information on the dura-

tion of the periods at risk.

In our series approximately 80% of the severe infec-

tions were diagnosed in the presence of neutropenia.

The importance of neutropenia as a risk factor for infec-
tious complications is well known as reported by many

investigators [1–10,24,26]. However, none of these
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studies had data on the duration of neutropenic periods

and so IR calculations were not possible. In our study,

no information was available on the exact duration of

periods of neutropenia for each patient but a rough esti-

mation of the neutropenia-related IR was calculated

using the entire length of aggressive treatment, including
the periods of ‘‘normal’’ granulocyte counts that are

obviously present between phases of antileukaemia treat-

ment. With this calculation (data not shown) it was pos-

sible to estimate a neutropenia-related IR 0.172 (0.137 in

ALL and 0.290 in AnLL, P < 0.0001, conditional test).

In this case, the calculated rate of severe infections corre-

lated to neutropenia is, in our opinion, an underestima-

tion. We believe that only a prospective study that will
consider all the episodes of neutropenia observed during

a given period will allow an accurate estimation of the

risk of severe infectious complications during different

phases of cancer treatment.
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