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A one-year prospective, multicentre surveillance study on aetiology, main clinical features and out-
come of bloodstream infections in children with cancer was conducted in 18 paediatric haematology
centres belonging to the Italian Association for Paediatric Haematology and Oncology. A total of 191
bloodstream infections were reported during the study period. Of them, 123 (64%) occurred in neutro-
penic and 68 (36%) in non-neutropenic patients. Gram-positive cocci caused 45% (85/191) of the epi-
sodes, gram-negative rods 41% (78/191), and fungi 9% (18/191). The remaining 5% (10/191) of the
episodes were poly-microbial infections. A total of 204 pathogens were isolated (46% gram-positive
cocci; 44% gram-negative rods; and 10% fungi). The aetiologic distribution was similar among neutro-
penic and non-neutropenic patients. A correlation between the infection and the presence of an
indwelling central venous catheter was found in 20% (23/114) of the episodes among neutropenic
patients and in 55% (23/62) among non-neutropenic patients. Gram-negative micro-organisms were
isolated in an unusually high proportion of catheter-related infections (48%). The overall mortality
rate from any cause within 30 days from the first positive blood culture was 11%, and was higher
among patients who were neutropenic at the onset of the infection than among those who were not
neutropenic (15 versus 4%, P=0.03). In addition, the mortality was significantly higher in recipients of
bone marrow transplantation than in patients with acute leukaemia or solid tumour (21, 11 and 6%,

Correspondence to C. Viscoli, e-mail: viscolic@unige.it
Received 16 Sep. 1998; revised 25 Jan. 1999; accepted 3 Feb. 1999.

770



Bloodstream Infections in Children with Cancer

771

respectively) and was also higher in fungaemias and poly-microbial infections (22 and 30%) than in
single gram-positive and gram-negative bacteraemias (11 and 6%). © 1999 Elsevier Science Ltd. All

rights reserved.
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INTRODUCTION

BLOODSTREAM INFECTIONS represent an important complication
in patients receiving chemotherapy for neoplastic diseases.
Morbidity and mortality remain high, as well as the potential
impact of these complications on the projected dose-intensity
of antineoplastic chemotherapy [1,2]. Epidemiological data
about bloodstream infections in cancer patients are rarely
generated by ad hoc surveillance studies [3-5] but are usually
extrapolated from studies of empirical antibiotic therapy of
febrile neutropenia [6—10]. However, the patient population
included in these studies is selected according to inclusion
and exclusion criteria and is consequently inadequate to
describe the actual epidemiological situation in the general
patient population. In addition, little information is available
in non-neutropenic patients and in paediatric populations.

With the aim of performing a prospective evaluation of
aetiology, main clinical features and outcome of bloodstream
infections in paediatric cancer patients, we conducted a 1-
year surveillance study of these infections in patients followed
at centres belonging to the Italian Association of Paediatric
Haematology and Oncology (Associazione Italiana Ematolo-
gia ed Oncologia Pediatrica), an association which performs
clinical studies (and shares treatment protocols) for several
paediatric neoplastic diseases [11-13]. All consecutive
patients with a neoplastic disease and a documented blood-
stream infection observed from 1 January to 31 December
1995 were enrolled in the study.

PATIENTS AND METHODS

All participating institutions were required to nominate a
local reference investigator, who was responsible for reporting
to the Data Centre all cases of microbiologically documented
bloodstream infection observed at each participating institu-
tion every month during the study period. Within 2 months
from the first positive blood culture, a final clinical report
based on inpatient and outpatient hospital records and
laboratory data had to be completed for each episode and
sent to the Data Centre. Demographic information included
initials, sex and age. Patient history information included the
type of underlying disease and whether or not the episode was
following a procedure of bone marrow transplantation
(BMT) (performed within the preceding 365 days). Infor-
mation about the bloodstream infection itself included pre-
sence and type of central venous catheter, total white cell and
granulocyte count, and presence of fever, shock and signs of
localised infection at the time of the first positive blood cul-
ture. Microbiological information included the number of
positive blood cultures, the type of the isolated pathogen and
its antibiotic susceptibility pattern (sensitivity to penicillin
and oxacillin/methicillin for gram-positive bacteria; sensitivity
to ceftazidime, ceftriaxone, imipenem, amikacin and cipro-
floxacin for gram-negative rods). Outcome information
included survival status at day 30 from diagnosis and day of

death (if applicable). All clinical report forms were centralised
and computerised at the Immunocompromised Host Disease
Unit of the National Institute for Cancer Research in Genoa,
where a first review was performed for major discrepancies
and for missing data by the study data manager. All forms
were then reviewed by the study co-ordinators for eligibility
and adherence to definitions. Episodes were classified
according to the underlying neoplasm and those developing
in patients who had undergone BMT were classified as ‘post
BMT” episodes, regardless of the underlying disease.

Definitions

The bloodstream infection episode was the unit of analysis
in this study and all following data refer to episodes and not
to patients. A bloodstream infection was defined as the isola-
tion of a bacterial or fungal pathogen from at least one blood
culture, in the presence of clinical signs of infection, includ-
ing at least one of the following conditions: fever (>38°C), a
systolic blood pressure <60mmHg, or signs of localised
infection (inflammation) in a major organ/system. As pre-
viously defined [14], for coagulase-negative staphylococci,
corynebacteria other than Corynebacterium jeitkeium, and other
common skin contaminants, at least two sets of positive blood
cultures (at least one bottle for each set) were required, unless
the same pathogen was concomitantly isolated from another
site of infection. All bloodstream infections were then sub-
classified as single-agent or poly-microbial infections. Poly-
microbial infections were those episodes in which two or
more pathogens were isolated in a single blood culture or in
at least two separate blood cultures obtained 24 h apart. As
previously described [15], catheter-related bloodstream
infections were defined as those infections in which at least
one of the following conditions was met: (1) fever (>38°C)
with chills and rigors within 1h after catheter flushing or
manipulation; (2) isolation of a pathogen from a blood cul-
ture drawn through the catheter, but not from another blood
culture drawn from a peripheral vein at the same time; (3)
isolation of the same pathogen from the catheter tip and from
blood; (4) isolation of the same organism both from blood
and from purulent material draining from the catheter exit
site or from the subcutaneous (s.c.) tunnel. Fever was defined
as an axillary temperature > 38°C. Neutropenia was defined
as an absolute granulocyte count <1000/pL. Shock was
defined as the development of hypotension (systolic blood
pressure lower than 70 mmHg in infants and 90 mmHg in all
other cases), in the presence of at least one of the following
conditions: cutaneous hypoperfusion, tachicardia, polypnoea,
cyanosis, mental status changes, or oliguria (<0.5ml/kg/h
urinary output).

Statistical methods
Comparison between categorical variables was performed
by means of a Chi-square test for heterogeneity or a Fisher’s
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exact test (when applicable), whilst the z-test for independent
data was applied for comparisons between continuous vari-
ables. For continuous variables, the median values and range
are reported. The standard P value of 0.05 was considered
the threshold for statistical significance. All tests were two-
sided.

RESULTS

During the study period, 191 bloodstream infections, in
156 patients, were reported by 18 paediatric haematology
and oncology centres in Italy. Median and mean age,
respectively, were 6.6 (range 0.2-24.7) and 7.9 years (95%
CI 7.1-8.7). 84 patients were males and 72 were females.
The median number of episodes by participating centre was
7 (range 1-41) with 3 centres reporting more than 16
episodes.

Clinical characteristics

Of 191 episodes, 123 (64%) occurred in the presence and
68 (36%) in the absence of neutropenia. In neutropenic epi-
sodes, the median duration of the preceding neutropenia was
6 days (range 0-138). In these cases the median absolute
white blood cell count at the time of diagnosis was 250/uLL
(range 0-12800) and the median absolute granulocyte count
was 18/puL (range 0-960). Among the episodes occurring in
the absence of neutropenia, the median white blood cell
count was 5320/puLL (range 1550-22000) and the median
absolute granulocyte count was 3945/ul. (range 1073—
21000). There was a statistically significant difference
(P<0.001) in the proportion of infectious episodes develop-
ing during granulocytopenia according to the underlying dis-
ease. Among acute leukaemia, 84% (68/81) of the episodes
were correlated with granulocytopenia, versus only 47% (32/
68) and 55% (23/42) in solid tumours and BMT, respec-
tively. Among BMT cases, bloodstream infections in the
absence of neutropenia developed after a median of 63 days
(range 8-493) from transplantation. One patient was inclu-
ded in the post-transplant group despite the fact that his
infection developed more than 365 days after the initial
transplant (493 days). This episode was still considered a
post-transplant episode because the patient had received two
additional bone marrow infusions, due to lack of engraft-
ment.

Fever without signs of a localised infection represented the
initial clinical presentation of the bloodstream infection in
71% (136/191) of the episodes. When a localised infection
was present, the most frequent site was the oral cavity (21
cases), followed by skin and soft tissues (19 cases—4 non-
neutropenic) and the lower (6 cases—2 non-neutropenic)
and upper (4 cases—2 non-neutropenic) respiratory tracts.
There were also 5 genito-urinary infections (2 non-neu-
tropenic). Septic shock was found to complicate bacteraemic
episodes in 15 cases (8%)—the majority of these cases
occurred during neutropenia (13/15; 87%).

Isolated pathogens and antibiotic suscepribility

In the present study, pathogens isolated in blood culture
were not centralised at a reference laboratory, and both
identification and susceptibility tests were performed at the
local hospital laboratory. Of the 191 episodes, 85 (45%) were
due to gram-positive cocci, 78 (41%) to gram-negative rods
and 18 (9%) to fungal organisms. In addition, there were 10
poly-microbial infections (5%). The overall number of iso-
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lated pathogens was 204. Of these, 93 (46%) were gram-
positive cocci, 90 (44%) gram-negative rods and 21 (10%)
fungal organisms. As shown in Table 1, there was no statisti-
cally significant difference in the distribution of gram-posi-
tive, gram-negative, and fungal isolates (P=0.54), according
to the presence or absence of neutropenia at presentation.
Coagulase-negative staphylococci were the most frequently
isolated pathogens (43/204; 21%), followed by Pseudomonass
sp (28/204; 14%) and bacteria of the KES group (Klebsiella-
Enterobacter-Serratia) (22/204; 11%). Viridans streptococci
and Escherichia coli accounted for 20/204 pathogens each
(10%). The other isolated pathogens were Staphylococcus
aureus (19/204; 9%), Candida sp. (18/204; 9%) and enter-
ococci (4/204; 2%). Gram-negative rods represented the
most frequently isolated pathogens in cases of septic shock.
Indeed, out of 15 cases of septic shock, 3 were due to E. colz,
6 to Pseudomonas and 1 each to Klebsiella, viridans streprococci,
S. aureus, coagulase-negative Staphylococcus and Candida.
The remaining case was observed in the setting of a poly-
microbial infection (E. faecium and P. aeruginosa). Pseudomo-
nas bacteraemias were much more likely to be complicated
with septic shock than all other bacteraemias.

Resistance to oxacillin was tested in 49 of 62 staphylo-
coccal strains (33 coagulase-negative staphylococci and 16
S. aureus): 35% of coagulase-negative staphylococci and 6%
of S. aureus isolates were oxacillin resistant. Resistance to
penicillin was tested in 19/20 viridans streptococci, of which,
8 (42%) were resistant. The proportion of gram-negative
rods that were resistant to amikacin and ceftazidime,
amikacin and ceftriaxone, and to the carbapenems was
similar. 5/58 (9%) strains tested were resistant to both ami-
kacin and ceftriaxone, 10/78 (13%) to both amikacin and
ceftazidime, and 11/59 (19%) to the carbapenems
(P=0.276). In wvitro resistance to fluoroquinolones was
detected in 12/80 gram-negative rods (15%). Interestingly, 5
of these came from the only centre in which quinolone pro-
phylaxis was used routinely.

Table 1. Pathogens isolated in neutropenic and non-neutropenic

episodes
Neutropenia
Pathogens Yes (%) No (%) Total
Gram-positive bacteria 61 (66) 32 (34) 93 (100)
viridans streptococci 18 2 20
Streptococcus pyogenes 1 - 1
Staphylococcus aureus 8 11 19
coagulase-negative-staphylococci 27 16 43
Enterococci 3 1 4
Actinomyces sp. 1 - 1
Other 3 2 5
Gram-negative bacteria 54 (60) 36 (40) 90 (100)
Escherichia coli 17 3 20
Pseudomonas sp. 18 10 28
KES group 11 11 22
Other 8 12 20
Fungi 15 (71) 6 (29) 21 (100)
Candida albicans 5 3 8
Non albicans Candida 7 3 10
Fusarium sp. 2 - 2
Saccharomyces cerevisiae 1 - 1

Overall P value = 0.54. KES, Kiebsiella, Enterobacter, Serratia.



Bloodstream Infections in Children with Cancer

Table 2. Pathogens isolated in catheter-related and catheter-
unvrelated episodes

Catheter-related

Pathogens Yes (%) No (%)
Gram-positive bacteria 23 (38) 70 (49)
Gram-negative bacteria 29 (48) 61 (42)
Fungi 8 (13) 13 (9)
Total 60 (100) 144 (100)

Overall P value =0.35.

Correlation with central venous catheters

Of 191 bloodstream infections, 176 (92%) occurred in
patients fitted with a central venous catheter. Most (166/176,
94%) were partially implanted catheters of the Hickman-
Broviac type. Of 176 episodes, 114 occurred in the presence
and 62 in the absence of neutropenia. The proportion of
catheter-related infections was 20% (23/114) among neu-
tropenic episodes versus 55% (34/62) among non-neu-
tropenic episodes (2<0.001). There was no difference in the
proportion of catheter-related infections according to the type
of underlying disease. As shown in Table 2, gram-positive,
gram-negative and fungal organisms were equally distributed
in catheter-related and catheter-unrelated infections,
although, gram-negative rods were isolated in an unexpected
high proportion of catheter-related infections (48%).

Mortaliry

The overall 30-day mortality rate from any cause was 11%
(death was the outcome in 21/191 episodes) and it was sig-
nificantly higher (P=0.03) in neutropenic (18/123, 15%)
than in non-neutropenic episodes (3/68, 4%). Mortality was
also significantly higher (P<0.001) amongst episodes in
BMT patients (9/43, 21%) than among episodes in solid
tumour (4/67, 6%) and acute leukaemia (9/81, 11%). It was
also significantly higher (P =0.05) in fungaemias (4/18, 22%)
and in poly-microbial infections (3/10, 30%) than in gram-
positive (9/85, 11%) and gram-negative (5/78, 6%) infec-
tions. Although the difference was not statistically significant,
the mortality rate associated with primary episodes (16 deaths
among 156 primary episodes, 10%) appeared to be somewhat
lower than the mortality rate associated with secondary
episodes (5 deaths among 35 secondary episodes, 14%).
5 deaths, all in neutropenic episodes, occurred within 4
days from the first positive blood culture: 3 within the first
24h (1, E. coliy 1, Pseudomonas sp; and 1, C. septicum), 1 after
3 days (E. faecalis and P. aeruginosa) and 1 after 4 days
(S. muts).

DISCUSSION

Most of the information about the epidemiology of infec-
tion in cancer patients is extrapolated from the results of
randomised clinical trials of empirical antibiotic therapy of
febrile neutropenia, i.e. from studies that were not specifically
designed with epidemiological purposes. These studies
included, by definition, only a subset of the population of
cancer patients with infection, i.e., those patients that were
eligible for enrolment in the trial according to predetermined
inclusion and exclusion criteria. For example, in most studies
of empirical therapy of febrile neutropenia, for methodologi-
cal reasons, patients cannot be enrolled more than once and,
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therefore, second or third episodes in the same patients are
missed. In addition, trials of empirical antibiotic therapy are
usually conducted in neutropenic patients, and nothing is
known about infections in non-neutropenic patients.

With the aim of collecting information about the clinical
and aetiological pattern of infection in children with cancer,
we conducted a nationwide multicentre surveillance study of
bloodstream infections in this patient population.

Traditionally, bloodstream infections in cancer patients are
mainly thought to be complications of neutropenia [16].
Therefore, when this study was planned, only a small number
of bacteraemias in non-neutropenic patients was expected.
Surprisingly, 36% of the observed episodes (68/191) devel-
oped in the absence of granulocytopenia. This means that the
conventional wisdom that bacterial infections are uncommon
in cancer patients outside neutropenia is not completely true.

According to our definitions, 34/68 (50%) infections in
non-neutropenic patients were correlated with an infected
central catheter, versus only 23/114 (20%) among neu-
tropenic patients. This confirms the relevant role played by
central catheters in causing infection in non-granulocytopenic
patients [17,18]. In another 12 episodes (18%), the infection
was associated with the presence of a clinically detectable
source of infection (skin and soft tissues in 4, and 2 each for
upper respiratory tracts, lungs, genito-urinary tract and oral
cavity) while in the remaining 22 episodes (32%) no source of
infection was identified.

As is widely known, the pattern of infective pathogens has
changed significantly over time in many cancer centres in the
world. Gram-positive bacteria, which were prevalent in the
1950s and early 1960s, have again become the most common
infecting pathogens. This has been confirmed by the results
of the eight therapeutic trials performed by the IATCG-
EORTC in the last 22 years in febrile and neutropenic
patients [1,19,20]. Currently, in IATCG-EORTC trials,
gram-positive micro-organisms are isolated in approximately
15% of febrile episodes and cause approximately 60% of
documented bacteraemias, whilst fungal organisms account
for no more than 2% of all bloodstream infections [10]. Our
study shows that the actual epidemiological situation might
be slightly different. Although the relative distribution of
gram-positive, gram-negative and fungal infections was not
always the same in all participating centres, in general gram-
positive and gram-negative bacteria were almost equally
represented as the cause of bloodstream infection both in
neutropenic and in non-neutropenic patients, and fungae-
mias accounted for 10% of the cases.

The present study also shows that the traditional wisdom
that catheter-related infections are mainly due to gram-posi-
tive cocci is not completely true. Indeed, in recent years, an
increasing role played by gram-negative bacteria in causing
catheter-related infections has been reported by several
investigators, including ourselves, in different patient popu-
lations [15,21]. In the present study, gram-negative bacteria
were involved in 48% of catheter-related infections and a
large proportion of the isolated strains belonged to the group
of bacteria that are usually associated with infusate con-
tamination (Klebsiella, Enterobacter, Citrobacter, Achromo-
bacter, Serratia, Pseudomonas non-aeruginosa) [22]. The high
proportion of catheter-related gram-negative infections might
result from inappropriate practices in the use of central
catheters performed by non professional staff [23]. Indeed,
the importance of a proper catheter management in the
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prevention of catheter-related infections has been underlined
in several reports [17,21, 23, 24].

A recent comparison of outcomes of febrile episodes dur-
ing neutropenia between children and adults enrolled in the
therapeutic studies performed by the IATCG of the EORTC
showed a 7% overall crude mortality rate in children [25],
thus somewhat lower than the 11% mortality rate that we
found in the present study. This suggests that outcome data
stemming from randomised therapeutic trials of empirical
therapy might underestimate the true infection mortality rate
in the population of cancer patients.

In recent years there has been major concern about the
increasing rate of antibiotic resistance among nosocomial
pathogens [26]. In the paediatric centres participating in the
study, no major problem of antibiotic resistance was detec-
ted. For example, oxacillin-resistance was detected in 35% of
coagulase-negative staphylococci, but in only 6% of S. aureus
isolates. When looking at the proportion of gram-negative
isolates that were resistant both to ceftriaxone and amikacin,
ceftazidime and amikacin and to a carbapenem, (i.e. three
regimens commonly used in empirical therapy of febrile neu-
tropenia), it appeared that none individually was active in
vitro against 100% of the pathogens. The conclusion is that
therapeutic adjustments are likely to be necessary with any
kind of protocol and that strict clinical and microbiological
surveillance remains the standard of care in cancer patients
with infection.

1. Viscoli C, Castagnola E. Planned progressive antimicrobial ther-
apy in neutropenic patients. Br ¥ Haematol 1998, 102, 879—888.

2. Viscoli C, Bruzzi P, Castagnola E, er al. Factors associated with
bacteraemia in febrile, granulocytopenic cancer patients. Eur ¥
Cancer 1994, 30A, 430-437.

3. Aquino VM, Pappo A, Buchanan GR, Tkaczewski I, Mustafa
MM. The changing epidemiology of bacteremia in neutropenic
children with cancer. Ped Infect Dis ¥ 1995, 14, 140-143.

4. Arpi M, Victor MA, Moller JK, er al. Changing etiology of bac-
teremia in patients with hematological malignancies in Denmark.
Scand ¥ Infect Dis 1994, 26, 157-162.

5. Gonzalez-Barca E, Fernandez-sevilla A, Carratala J, Granena A,
Gudiol F. Prospective study of 288 episodes of bacteremia in
neutropenic cancer patients in a single institution. Eur ¥ Chn
Microbiol Infect Dis 1996, 15, 291-296.

6. International Antimicrobial Therapy Cooperative Group of the
EORTC. Ceftazidime combined with a short or long course of
amikacin for empirical therapy of gram-negative bacteremia in
cancer patients with granulocytopenia. N Engl ¥ Med 1987, 317,
1692-1698.

7. Freifield AG, Walsh T, Marshall D, er al. Monotherapy for fever
and neutropenia in cancer patients: a randomized comparison of
ceftazidime versus imipenem. ¥ Clin Oncol 1995, 13, 165-176.

8. International Antimicrobial Therapy Cooperative Group of the
EORTC. Efficacy and toxicity of single daily doses of amikacin
and ceftriaxone versus multiple daily doses of amikacin and cef-
tazidime for infection in patients with cancer and granulocyto-
penia. Ann Intern Med 1993, 119, 584-593.

9. Cometta A, Zinner S, de Bock R, ez al. Piperacillin-tazobactam
plus amikacin versus ceftazidime plus amikacin as empiric ther-
apy for fever in granulocytopenic patients with cancer. Antimicrob
Agents Chemother 1995, 39, 445-452.

C. Viscoli er al.

10. Cometta A, Calandra T, Gaya H, et al. Monotherapy with
meropenem versus combination therapy with Ceftazidime plus
amikacin as empiric therapy for fever in granulocytopenic
patients with cancer. Antimicrob Agents Chemother 1996, 40,
1108-1115.

11. De Bernardi B, Carli M, Casale F, er al. Standard-dose and
high-dose peptichemio and cisplatin in children with dis-
seminated poor-risk neuroblastoma: two studies by the Italian
Cooperative Group for Neuroblastoma. ¥ Clin Oncol 1992, 10,
1870-1878.

12. Garaventa A, Rondelli R, Castagnola E, et al. Fatal pneumo-
pathy in children after bone marrow transplantation—report
from the Italian Registry. Italian Association of Pediatric Hema-
tology-Oncology BMT Group. Bone Marrow Transplant 1995,
16, 669-674.

13. Jankovic M, Fraschini D, Amici A, et al. Outcome after cessation
of therapy in childhood acute lymphoblastic leukaemia. The
Associazione Italiana Ematologia ed Oncologia Pediatrica
(AIEOP). Eur ¥ Cancer 1993, 29A, 1839-1843.

14. International Antimicrobial Therapy Cooperative Group of the
EORTC. Gram-positive bacteraemia in granulocytopenic cancer
patients. Eur ¥ Cancer 1990, 26 , 569-574.

15. Castagnola E, Garaventa A, Viscoli C, et al. Changing pattern of
pathogens causing Broviac catheter-related bacteraemias in chil-
dren with cancer. ¥ Hosp Infect 1995, 29, 129-133.

16. Bodey GP, Buckley M, Sathe YS, Friereich EJ. Quantitative
relationships between circulating leukocytes and infection in
patients with acute leukemia. Ann Intern Med 1966, 64, 328—
340.

17. Castagnola E, Carrega G, Garaventa A. Catheter-related bac-
teremias in patients with cancer (letter). Ann Intern Med 1994,
121, 73-74.

18. Viscoli C, Garaventa A, Boni L, et al. Role of Broviac catheters
in infections in children with cancer. Pediatr Infect Dis ¥ 1988, 7,
556-560.

19. Schimpff SC, Gaya H, Klastersky J, Tattersall MH, Zinner SH.
Three antibiotic regimens in the treatment of infection in febrile
granulocytopenic patients with cancer. ¥ Infecr Dis 1978, 137,
14-29.

20. Viscoli C. The evolution of the empirical management of fever
and neutropenia in cancer patients. ¥ Antimicrob Chemother 1998,
41, 65-80.

21. Groeger JS, Lucas AB, Thaler HT, et al. Infectious morbidity
associated with long-term use of venous access devices in
patients with cancer. Ann Intern Med 1993, 119, 1168-1174.

22. Maki D. Infections caused by intravascular devices for infusion
therapy: pathogenesis, prevention and management. In Bisno
AL, Waldvogel FA, eds. Infections Associated with Indwelling
Medical Devices. Washington, DC, American Society for Micro-
biology, 1994, 155-212.

23. Castagnola E, Conte M, Garaventa A, er al. Indwelling central
venous catheter-related sepsis (letter). Med Pediatr Oncol 1998,
30, 73-74.

24. Daghistani D, Horn M, Rodriguez Z, Schoenike S, Toledano S.
Prevention of indwelling central venous catheter sepsis. Med
Pediatr Oncol 1996, 26, 405-408.

25. Hann I, Viscoli C, Paesman M, Gaya H, Glauser M. A compar-
ison of outcome from febrile neutropenic episodes in children
compared with adults: results from four EORTC studies. Br ¥
Haematol 1997, 99, 580-588.

26. Gold HS, Moellering RC. Antimicrobial drug resistance. N Engl
F Med 1996, 335, 1445-1453.

Acknowledgements—We are grateful to Mrs Mauri S. Ulivi for
reviewing the English form and to Mrs Laura Veroni for her assis-
tance in preparing the manuscript.



