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Abstract
The management of children with invasive fungal infection is becoming more complex with an
increasing number of antifungal agents available. Insufficient paediatric studies have been
performed with newer agents leaving paediatricians reliant on adult patient data to guide clinical
decisions. There are numerous differences between children and adults with invasive fungal
infection. Following a systematic review, consensus guidelines have been developed to assist
doctors managing children with invasive fungal infection. The efficacy, toxicity and cost of newer
antifungal agents have been compared with existing therapies and key recommendations made.

Introduction
The incidence of invasive fungal infection is increasing, especially in at risk populations.1;2 Risk
factors for invasive fungal infection in children include malignancy, haematopoietic stem cell or
solid organ transplantation, neutropenia, chemotherapy, corticosteroid use, congenital and
acquired immunodeficiency, prematurity, broad spectrum antimicrobial use and dependence on
parenteral nutrition.

3-5

Invasive fungal infections are responsible for significant morbidity and

mortality. In studies published since 1996, mortality in children with candidaemia ranged from 19
to 32%.
77%.

6-10

Invasive aspergillosis in children is associated with even greater mortality: 68 to

3;5;11;12

Mortality is highest in those with greater degrees of immunosuppression, particularly

following haematopoietic stem cell transplantation.

12

Australasian treatment guidelines for adults with invasive fungal infection have been formulated
with updated guidelines currently being developed.

13

Significant differences between children and

adults with invasive fungal infection are reported including predisposing factors, infecting
organism and site of infection.

3;5;14

There are also significant differences between paediatric and

adult antifungal pharmacokinetics and toxicity.

15-18

The number of drugs available to treat fungal infections has greatly increased in the last decade.
Four classes of drugs for the treatment of invasive fungal infections exist: polyenes, triazoles,
echinocandins and nucleoside analogues. In Australia and New Zealand, conventional
amphotericin B (CAB), liposomal amphotericin B, amphotericin B lipid complex (ABLC),
amphotericin B colloidal dispersion (ABCD), fluconazole, itraconazole, voriconazole,
posaconazole, caspofungin and flucytosine are available for use in invasive fungal infection. New
azoles and echinocandins are expected to be available in the near future.
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This set of paediatric guidelines is based on the best available current evidence (Box 1).
Standard definitions were used (Box 2). The guidelines aim to promote rational prescribing of
antifungal agents for Australian and New Zealand children with proven, probable and suspected
invasive fungal infections. When paediatric studies were judged by the authors to be inadequate,
adult studies have been used to supplement data. Antifungal susceptibility profiles (Box 3),
paediatric antifungal dose guidelines (Box 4) and key recommendations (Box 5) are given.

Spectrum of antifungal activity
Antifungal susceptibility patterns of the organism confirmed or suspected should be used to guide
antifungal therapy. Antifungal susceptibilities of common fungal pathogens are summarized in
Box 3.

19

Amphotericin B preparations are active against most fungal species. C. lusitaniae is

reported to have variable susceptibility to amphotericin B, however this has not been found in
Australia. Scedosporium and Fusarium species have reduced susceptibility to amphotericin B and
it is common practice to use high doses of amphotericin B (ie ≥ 5mg/kg of a lipid preparation) for
infections due to zygomycetes.

19

Fluconazole has activity against many yeasts but limited activity against moulds.

19

Reduced

susceptibility to fluconazole is also seen with C. krusei and C. glabrata. C. tropicalis has been
reported to have reduced susceptibility to fluconazole in international studies but this is rarely
seen in Australia. Itraconazole has anti-Aspergillus activity and variable activity against other
moulds. Voriconazole has activity against most yeasts and moulds; zygomycetes and
Scedosporium prolificans are important exceptions. Zygomycetes are susceptible to
posaconazole. S. prolificans is resistant in vitro to all available antifungal drugs.
Candida and Aspergillus species are susceptible to caspofungin.

19

Caspofungin has poor activity

against Cryptococcus neoformans, Scedosporium species, Fusarium species and zygomycetes.

Empiric antifungal therapy in prolonged fever and neutropenia
Summary
•

No differences in treatment success and mortality have been demonstrated in paediatric and
adult trials comparing empiric conventional amphotericin B and lipid preparations in subjects
with prolonged fever and neutropenia [I].

•

Fewer breakthrough infections may occur in subjects treated with liposomal amphotericin B [I].

•

Conventional amphotericin B and fluconazole appear equally effective in febrile neutropenic
subjects not previously administered fluconazole [II].

•

Voriconazole is not inferior to liposomal amphotericin in the management of adults and
adolescents with fever and neutropenia although equivalence has not been demonstrated [II].
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•

Caspofungin appears as effective as liposomal amphotericin B in the treatment of febrile
neutropenic adults [II].

Despite the limitations of the original studies,

20;21

it is the accepted standard of care to use

antifungal agents in neutropenic subjects who remain febrile despite broad spectrum antibacterial
agents.

22

Paediatric trials comparing antifungal agents in prolonged fever and neutropenia are limited.
Prentice et al compared liposomal amphotericin B (1 or 3 mg/kg/day) with CAB (1 mg/kg/day) in
202 neutropenic children with 96 hours of fever despite appropriate therapy.

23

Safety was the

primary endpoint. Treatment success was not significantly different between groups: 51% in
children receiving CAB, 64% in those receiving 1mg/kg/day liposomal amphotericin B and 63% in
those receiving 3mg/kg/day liposomal amphotericin B (p = 0.22) [II].
Therapeutic trials in adults also report no difference in treatment success when CAB (0.6 - 1
mg/kg/day) is compared with liposomal amphotericin B (3 mg/kg/day) or ABCD
(4mg/kg/day)[II].

23-25

Two meta-analyses failed to demonstrate any difference in mortality between

CAB and lipid preparations of amphotericin B in patients with fever and neutropenia (Johansen et
al. OR: 0.83, 95%CI: 0.62 – 1.12; Barrett et al. OR: 0.78, 95%CI: 0.54 – 1.13) [I].

26;27

Johansen et

al demonstrated fewer breakthrough fungal infections in those receiving liposomal amphotericin B
compared with CAB [I].

26

Barrett et al also included antifungal therapy in neutropenic and non-

neutropenic populations with confirmed candidiasis, aspergillosis and cryptococcosis. In the
combined analysis, all cause mortality was reduced in those receiving a lipid preparation (OR:
0.72, 95%CI: 0.54 - 0.97) but no difference in efficacy was demonstrated (OR: 1.21, 95%CI:
0.98 – 1.49).
Of the trials comparing fluconazole and itraconazole with CAB in neutropenic patients, only one
was appropriately powered and only two studies included children.

28-32

All subjects were azole

naïve. Azoles were as effective as CAB [II]. Voriconazole was compared with liposomal
amphotericin B in paediatric and adult subjects. The overall success rates were 26.0% with
voriconazole and 30.6% with liposomal amphotericin B (95% confidence interval for the
33
difference, -10.6 to 1.6%) [II]. There were fewer documented breakthrough fungal infections in

patients treated with voriconazole than in those treated with liposomal amphotericin B. Walsh et
al compared liposomal amphotericin B with caspofungin in febrile neutropenic adults. Despite a
greater number of caspofungin-treated patients surviving for ≥ 7 days after study completion, no
overall difference in treatment success was observed [II].
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Antifungal therapy in candidaemia or invasive candidiasis
Summary
•

No difference in treatment success is seen when conventional amphotericin B is compared
with fluconazole and voriconazole in non-neutropenic adolescents and adults [II].

•

Echinocandins are as effective as conventional amphotericin B and fluconazole in nonneutropenic adults [II].

•

Prior antifungal therapy influences the infecting Candida species and should guide empiric
therapy [III-2].

•

Therapy in candidaemia should be continued for at least 14 days following the last positive
culture [expert opinion].

•

If feasible, initial management should include removal of all existing vascular catheters [III-2].

Candida albicans and C. parapsilosis are the most frequent yeasts isolated in children with
invasive candidiasis. Species with reduced susceptibility to fluconazole are infrequent pathogens
in children.

1;19;35-37

Prior fluconazole therapy is a risk factor for infection with a fluconazole

resistant yeast [III-2].

37;38

A strong association between C. parapsilosis and central venous

catheter infection has been documented [III-2].

35;39

Randomised controlled trials comparing fluconazole with CAB or itraconazole in paediatric
candidaemia are insufficiently powered to assess treatment efficacy.

40;41

The therapeutic

equivalence of fluconazole and CAB has been demonstrated in predominantly non-neutropaenic
adolescents and adults with candidaemia [II].

42-44

No significant differences in efficacy between

fluconazole and voriconazole are seen in adolescents and adults with candidaemia and
oesophageal candidiasis [II].

45;46

Caspofungin and CAB appear equally effective in adult patients

with candidaemia and oropharyngeal/oesophageal candidiasis [II].

47-49

Therapeutic equivalence is

also seen when fluconazole is compared with caspofungin in adults with oesophageal candidiasis
[II].

50

Little data comparing antifungal therapy in deeper candidal infection exists. An amphotericin

preparation (with flucytosine where possible) is favoured as initial therapy in candidal endocarditis
and meningitis [IV].

51

Therapy for 14 to 21 days after the last positive blood culture is recommended in children and
neonates with candidaemia in the absence of disseminated disease [expert opinion].

51

Some

authors suggest that 7 to 14 days of therapy following blood stream sterilisation can be used in
children. This recommendation is supported by data from a single case series [IV].
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Intravascular devices are a frequent source of candidaemia. In patients with severe neutropenia
53

and/or receiving chemotherapy, candidaemia is frequently of gastrointestinal origin. Studies in
non-neutropenic adults, children and neonates demonstrate that early catheter removal is
associated with a shorter duration of candidaemia and reduced mortality [III-2].

54-56

Early removal

is often not possible in unstable patients or in the presence of implantable vascular access
devices. If feasible, initial non-medical management should include removal of all existing
vascular catheters [expert opinion].

51

Antifungal therapy in invasive aspergillosis
Summary
•

There are no adequately powered randomised controlled trials comparing conventional
amphotericin B with lipid preparations in probable or proven invasive aspergillosis.

•

In pulmonary aspergillosis, 3mg/kg/day of liposomal amphotericin B is as effective as
10mg/kg/day [II].

•

Initial therapy with intravenous then oral voriconazole is superior to conventional
amphotericin B in invasive aspergillosis and is associated with a survival advantage [II].

•

Caspofungin is an alternative in subjects intolerant of, or refractory to, other therapies
[IV].

•

The duration of therapy should be guided by the clinical and mycological response and
immunological recovery [expert opinion].

No randomised controlled trials have been performed in children with invasive aspergillosis.
Using comparative data from adults, a number of conclusions can be drawn regarding the relative
efficacy of different antifungal agents. CAB was compared with liposomal amphotericin B and
ABCD in two small randomised controlled trials. No significant difference in treatment outcome
was observed [II].

57;58

High dose liposomal amphotericin B (10mg/kg/day) was compared with

standard dose (3mg/kg/day) in 339 adults with filamentous fungal infections (predominantly
pulmonary aspergillosis). No differences in treatment success at 12 weeks (50% vs. 48%) or
survival (72% vs. 58%) were observed [II].

59

Herbrecht et al compared CAB (1 - 1.5mg/kg/day) with voriconazole (6mg/kg bd for 24 hours then
4mg/kg bd) in 277 adolescents and adults with proven or probable aspergillosis.

60

Therapy was

initiated with intravenous voriconazole for at least 7 days. Treatment success (53% vs 32%) and
survival (71% vs 58%) was greater with voriconazole. The mean duration of study drug was
longer in those administered voriconazole (77 days vs. 10 days). Alternative licensed antifungal
agents were allowed and were more frequently prescribed in those receiving CAB (80% vs. 36%).
The impact of this on treatment success and survival is unknown.
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Echinocandins were effective in adults with aspergillosis who were intolerant of or refractory to
other antifungals [IV].

61;62

No comparative trials have been performed.

The duration of antifungal therapy for invasive aspergillosis in children and adults has not been
determined. Herbrecht et al evaluated subjects clinically and radiologically following 12 weeks of
antifungal therapy.

60

In an open label study of voriconazole use in children with invasive fungal

infection (predominately aspergillosis), the median duration of therapy was 93 days (range 1 –
880).

63

The length of therapy should be influenced by response to therapy and immunological

recovery.

Combination antifungal therapy in children with candidaemia, invasive
candidiasis or aspergillosis
Summary
•

Insufficient evidence is available to support routine use of combination therapy in
candidaemia, invasive candidiasis or aspergillosis.

•

Two antifungals from different classes are recommended if combination therapy is used.

Given the high mortality of IFI, the role of combination therapy has been considered. To date, no
paediatric combination trials have been published although research is underway. In 219 nonneutropenic adults, persistent candidaemia after 5 days of therapy was more frequently seen with
64
fluconazole alone compared with fluconazole and CAB combination therapy. No statistically

significant difference between the groups was seen in treatment success at 30 days and 90 day
mortality. Interpretation is further confounded by differences in severity of illness between study
groups. The combination of voriconazole and caspofungin were retrospectively compared with
voriconazole alone as salvage therapy in a unmatched population with proven or probable
aspergillosis.

65

Three month survival was superior in subjects receiving combination therapy.

Other fungal pathogens
There are insufficient data on children to assist paediatricians managing infections caused by
fungi other than Candida and Aspergillus spp. Therapy should be guided by known antifungal
susceptibility patterns (Box 3), underlying disease, site and extent of infection.
The following antifungal agents are recommended for treatment of cryptococcosis,
scedosporiosis, fusariosis and zygomycosis:
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•

Cryptococcus neoformans complex: An amphotericin B formulation is recommended in
the induction phase of therapy for cryptococcal infection. The addition of flucytosine is
recommended in those with central nervous system infection, HIV infection and children
receiving immunosuppressive therapies [II].

66-69

Induction therapy should be followed by

maintenance therapy, usually with fluconazole. Fluconazole is an alternative agent in
patients with localised disease due to C. neoformans var. neoformans (eg pulmonary and
skin disease). Fluconazole is also the agent of choice for long term suppression in the
setting of continual immunosuppression [II].
•

Pseudallescheria boydii (Scedosporium apiospermum) and Scedosporium prolificans:
Voriconazole is the preferred agent for P. boydii and S. prolificans infection [IV].

13;63;69;70

The addition of terbinafine for synergy is recommended in subjects with S. prolificans
infection [IV].
•

13;69;71

Fusarium species: An amphotericin B preparation72 or voriconazole73 is the treatment of
choice for fusariosis [IV].

•

13;69;74

Zygomycete species: High dose lipid preparation of amphotericin B75 in conjunction with
surgical debridement is currently recommended for zygomycetes [IV].
posaconazole is still to be determined.

13;69;74

The role of

76

Salvage fungal therapy
There is no consensus on the definition of refractory fungal infection. In candidemia, treatment
failure is defined by Rex et al as persistent fungemia or unimproved / progressive signs of sepsis
despite ≥ 5 days antifungal treatment.

43;64

Almyroudis et al propose that a composite outcome be

used to define refractory invasive mould infections. Refractory infection is defined as worsening of
at least 2 of 3 criteria: clinical, radiologic and mycologic, with assessment after a minimum of 7
days of therapy.

77

It should be noted that the radiological appearance of pulmonary aspergillosis

often worsens despite adequate antifungal therapy and that immune reconstitution may be
associated with worsening of radiological signs.

78

Alternative antifungal therapies for candidaemia, invasive candidiasis and aspergillosis are
included in the key recommendations (Box 5). If invasive mould infection is suspected, and the
infecting species is unknown, voriconazole would be the preferred choice of antifungal given its
broader spectrum of activity. The role of combination therapy is yet to be established.

Toxicity of antifungals
Summary
•

Lipid preparations are less nephrotoxic than conventional amphotericin B when
administered as a standard infusion in studies comprising predominantly adults [I].
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•

Conventional amphotericin B administered by continuous infusion results in less
nephrotoxicity and infusion-related toxicity compared with a standard infusion [II]. Other
agents have not been compared with continuous infusion.

•

Increasing cumulative doses [III-2], preexisting renal impairment [III-2], hypovolaemia [II],
hyponatraemia [II] and the number of concurrent nephrotoxins [II] are associated with an
increased risk of amphotericin B induced nephrotoxicity. Concomitant use of cyclosporine
or diuretics with amphotericin B increases the risk of nephrotoxicity [III-2].

•

Haematopoietic stem cell transplant recipients are the highest risk group for
nephrotoxicity and dialysis following amphotericin B administration [III-3].

•

Azoles and echinocandins are less nephrotoxic than conventional and liposomal
amphotericin B [II].

•

Liposomal amphotericin B causes less infusion-related toxicity when compared with
conventional amphotericin B and ABLC [II].

•

Both azoles and echinocandins cause less infusional toxicity than conventional and lipid
preparations of amphotericin B [II].

•

The incidence of hepatotoxicity is similar across all antifungal classes [II].

•

Significant drug interactions can occur with azoles requiring dose modification or
avoidance [IV].

The development of new antifungals has been driven by the toxicities associated with CAB.
Amphotericin B preparations can cause renal insufficiency by a number of mechanisms. This is
usually reversible, although renal dysfunction may remain for weeks upon cessation.
Permanent damage has been reported.

80;81

45;79

In adults, renal toxicity is associated with increased

mortality, increased length of stay and total costs.

82

These outcomes have not been

demonstrated in children.
Published rates of CAB induced nephrotoxicity in children vary widely; 1.2 - 52%.

23;25;83-85

The

different definitions of nephrotoxicity make comparison difficult. Nephrotoxicity has been
examined in three randomised controlled trials comparing CAB with lipid preparations in children.
Comparing CAB (0.8mg/kg/day) with ABCD (4mg/kg/day), Sandler et al and White et al defined
nephrotoxicity as a doubling of baseline creatinine, an increase in serum creatinine of 88umol/L
or a 50% decrease in creatinine clearance. Both trials demonstrated reduced nephrotoxicity with
ABCD: 52% vs. 12%, p < 0.01 [II].

25;84

Comparing CAB (1mg/kg/day) to liposomal amphotericin B

(1-3mg/kg/day), Prentice et al defined nephrotoxicity as a doubling of baseline creatinine. The
rate of nephrotoxicity was 21% vs 8-11% but failed to achieve statistical significance with p =
0.10.

23

None of the trials identified the proportion of children in whom serum creatinine exceeded

the upper limit of normal or another predefined measure of renal impairment.
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Two meta-analyses of trials including mostly adult patients demonstrated a 49-75% reduction in
nephrotoxicity in subjects administered lipid preparations compared with CAB [I].

26;27

If

nephrotoxicity secondary to a lipid preparation did occur, it followed a longer course of therapy
[II].

23;25

As rates of drug-induced nephrotoxicity often vary between children and adults, studies

comprising predominantly adults need to be interpreted with caution. Adult and neonatal case
series have demonstrated that lipid preparations are safe in subjects with pre-existing
nephrotoxicity.

86-88

In contrast to the findings of Wingard et al,89 a recent meta-analysis

demonstrated no significant difference in rates of nephrotoxicity seen with different lipid
preparations of amphotericin B [I].

90

Both azoles and echinocandins cause less nephrotoxicity

than CAB and liposomal amphotericin B in adults and adolescents [II].

28;31;33;43;45;60

Risk factors for amphotericin B induced-nephrotoxicity include amphotericin B dose [III-2], preexisting renal impairment [III-2], hypovolaemia [II], hyponatraemia [II] and concurrent use of
nephrotoxic medications [II, III-2]. Increasing age [II, III-2] and underlying disease [III-2] are not
associated with an increased risk.

23-25;91-97

When independently assessed, cyclosporine and

diuretics increase the rate of nephrotoxicity whereas aminoglycosides and vancomycin in
isolation appear not to increase the risk [III-2].

92-94

In predominantly adult subjects with fever and

neutropenia, the risk of nephrotoxicity more than doubled when two or more concurrent
nephrotoxins (cyclosporine, aminoglycosides or foscarnet) were used.

24

Avoidance of

nephrotoxins and hypovolemia as well as sodium loading prior to amphotericin use may decrease
the risk of nephrotoxicity. Adult haematopoietic stem cell recipients with aspergillosis are 5 times
more likely to require haemodialysis when administered CAB than solid organ and non-transplant
related chemotherapy recipients.

91

A rise in creatinine is frequently seen after starting an amphotericin B preparation.

79

Renal

function and electrolytes should be monitored closely in all children administered an amphotericin
B preparation. Mild to moderate nephrotoxicity can be tolerated in many children with serum
creatinine returning to normal upon cessation. The tolerance of amphotericin B-induced
nephrotoxicity is influenced by concurrent co-morbidities and nephrotoxins, the length of therapy
required, degree of nephrotoxicity, ate of deterioration in renal function and the alternative agents
available. These decisions should be made on a case by case basis. (See Box 5,
recommendation 4)
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Infusional toxicities are frequently seen with CAB use. This can occur despite premedication and
the development of tolerance.

98;99

Severe infusional reactions occur rarely in children [IV].
86;100

Infusional toxicities are rarely reported in neonates [IV].
fewer reactions than CAB and ABLC [II].
infusional reactions [II].

102

23;24;89;101

23

Liposomal amphotericin B causes

CAB and ABLC causes similar rates of

Both azoles and echinocandins are responsible for fewer reactions in

adolescents and adults than conventional and liposomal amphotericin B [II].

28;31;33;34;47;60

Conventional amphotericin B toxicity when administered via a continuous or prolonged infusion
has been compared in adults with standard infusion (4 hours).

103;104

Less nephrotoxicity and

infusion-related toxicity occured [II]. In vitro and in vivo studies demonstrating concentrationdependant killing with a prolonged-post antibiotic effect suggest that achieving optimal peak
concentrations may be of importance.

105

The two trials performed were not adequately powered

to assess relative efficacy of continuous CAB compared with standard infusion however both
demonstrated increased survival with continuous infusion.

103;104

No adult or paediatric trials have

compared continuous CAB infusions with other antifungal agents. The limitations of vascular
access in some children may pose problems with continuous infusions.
Despite initial concerns, no randomised controlled trial has demonstrated a significant increase in
hepatotoxicity attributable to azoles compared with other agents [II].

23;28;30;33;40;41;43;47;49;50;60;84;102

In

adult trials, rash is seen more frequently with both fluconazole and voriconazole compared with
amphotericin B [II].

28;60

Visual disturbance or eye symptoms are reported frequently in both adults

and children taking voriconazole [II].

17;33;60;63

Antifungal cost
Newer antifungals are significantly more expensive than CAB and fluconazole. In children, cost is
influenced by dose administered (Box 4) and the amount supplied per vial. Given the
pharmacokinetic differences, the proportion of an adult dose is also markedly different for
example the dose of CAB administered to a 20kg child is 29% of an adult dose compared with
80% of an adult dose for caspofungin. No paediatric antifungal pharmacoeconomic studies have
been performed. In an adult pharmacoeconomic study, the cost saving of reduced CAB toxicity
was not offset by the increased costs of lipid preparations in a febrile neutropenic population.

106

When voriconazole was compared with conventional amphotericin in adolescent and adult
subjects with aspergillosis, a significant cost saving was demonstrated with voriconazole.

107

Interpretation of these adult studies in the paediatric context is difficult given the differences
highlighted above.
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Conclusions
Invasive fungal infections continue to cause significant mortality and morbidity. There are few
adequately powered paediatric trials comparing antifungal agents. In the trials performed, the
differences between antifungal agents were not significantly different to those seen in adult trials.
Nevertheless, there are significant pharmacokinetic differences between adults and children
requiring dose modification (see Box 4). From the best available evidence, we recommend the
preferred antifungal agents and alternatives for children with prolonged fever and neutropenia,
candidaemia / invasive candidiasis and aspergillosis (see Box 5). Alternative agents are usually
only required in the context of resistant organisms, significant adverse reactions or disease
progression despite therapy. Given the many other fungal pathogens responsible for disease,
these recommendations need to be guided by the clinical course, microbiological confirmation,
local epidemiology and fungal resistance testing. There is a need for further research in children
to help determine the pharmacokinetics and toxicity of newer antifungal agents, their relative
efficacy and cost-effectiveness.

Finalised version: September 2007

12

Acknowledgments
The authors wish to thank Tony Allworth, David Baker, Tina Carter, Sharon Chen, Cathy Cole, Nigel Curtis,
Richard Doherty, David Ellis, Chris Fraser, Nicky Gilroy, Rodney Givney, Keith Grimwood, Kate Hale,
Andrew Hallahan, Christopher Heath, Geoff Hogg, David Isaacs, Cheryl Jones, Clare Nourse, Geoffrey
Playford, Frank Shann, Peter Shaw, Monica Slavin, Tania Sorrell, Heather Tapp, Lochie Teague, Karin
Thursky, Josh Wolf and Leon Worth for their assistance and critique as well as all members of the
Australasian Society of Paediatric Infectious Diseases and Mycoses Interest Groups (Australasian Society of
Infectious Diseases) and the Bone Marrow Transplant Committee (Australian and New Zealand Children’s
Haematology/Oncology Group).

Conflicts of interest
Nil
676 /id}
{Pappas, 2004 169 /id}

Finalised version: September 2007

13

References
1. Kossoff EH, Buescher ES, Karlowicz MG. Candidemia in a neonatal intensive care unit: trends
during fifteen years and clinical features of 111 cases. Pediatr Infect Dis J. 1998; 17(6): 504-8.
2. Marr KA, Carter RA, Crippa F, Wald A, Corey L. Epidemiology and outcome of mould infections in
hematopoietic stem cell transplant recipients. Clin Infect Dis. 2002; 34(7): 909-17.
3. Abbasi S, Shenep JL, Hughes WT, Flynn PM. Aspergillosis in children with cancer: A 34-year
experience. Clin Infect Dis. 1999; 29(5): 1210-9.
4. Benjamin DK, Jr., Stoll BJ, Fanaroff AA, McDonald SA, Oh W, Higgins RD et al. Neonatal
candidiasis among extremely low birth weight infants: risk factors, mortality rates, and
neurodevelopmental outcomes at 18 to 22 months. Pediatrics. 2006; 117(1): 84-92.
5. Walmsley S, Devi S, King S, Schneider R, Richardson S, Ford-Jones L. Invasive Aspergillus
infections in a pediatric hospital: a ten-year review. Pediatr Infect Dis J. 1993; 12(8): 673-82.
6. Pappas PG, Rex JH, Lee J, Hamill RJ, Larsen RA, Powderly W et al. A prospective observational
study of candidemia: epidemiology, therapy, and influences on mortality in hospitalized adult and
pediatric patients. Clin Infect Dis. 2003; 37(5): 634-43.
7. Rodriguez-Nunez A. Incidence and mortality of proven invasive Candida infections in pediatric
intensive care patients. Infect Control Hosp Epidemiol. 2001; 22(8): 477-8.
8. Saiman L, Ludington E, Pfaller M, Rangel-Frausto S, Wiblin RT, Dawson J et al. Risk factors for
candidemia in Neonatal Intensive Care Unit patients. The National Epidemiology of Mycosis Survey
study group. Pediatr Infect Dis J. 2000; 19: 319-24.
9. Stoll BJ, Gordon T, Korones SB, Shankaran S, Tyson JE, Bauer CR et al. Late-onset sepsis in very
low birth weight neonates: a report from the National Institute of Child Health and Human
Development Neonatal Research Network. J Pediatr. 1996; 129(1): 63-71.
10. Stoll BJ, Hansen N, Fanaroff AA, Wright LL, Carlo WA, Ehrenkranz RA et al. Late-onset sepsis in
very low birth weight neonates: the experience of the NICHD Neonatal Research Network.
Pediatrics. 2002; 110(2 Pt 1): 285-91.
11. Shetty D, Giri N, Gonzalez CE, Pizzo PA, Walsh TJ. Invasive aspergillosis in human
immunodeficiency virus-infected children. Pediatr Infect Dis J. 1997; 16(2): 216-21.
12. Lin SJ, Schranz J, Teutsch SM. Aspergillosis case-fatality rate: systematic review of the literature.
Clin Infect Dis. 2001; 32(3): 358-66.
13. Slavin MA, Szer J, Grigg AP, Roberts AW, Seymour JF, Sasadeusz J et al. Guidelines for the use
of antifungal agents in the treatment of invasive Candida and mould infections. Intern Med J. 2004;
34(4): 192-200.
14. Krupova Y, Sejnova D, Dzatkova J, Kaiserova E, Kiskova M, Babela R et al. Prospective study on
fungemia in children with cancer: analysis of 35 cases and comparison with 130 fungemias in
adults. Support Care Cancer 2000; 8(5): 427-30.
15. Benson JM,.Nahata MC. Pharmacokinetics of amphotericin B in children. Antimicrob Agents
Chemother. 1989; 33(11): 1989-93.
16. Brammer KW, Coates PE. Pharmacokinetics of fluconazole in pediatric patients. Eur J Clin
Microbiol Infect Dis. 1994; 13(4): 325-9.

Finalised version: September 2007

14

17. Walsh TJ, Karlsson MO, Driscoll T, Arguedas AG, Adamson P, Saez-Llorens X et al.
Pharmacokinetics and safety of intravenous voriconazole in children after single- or multiple-dose
administration. Antimicrob Agents Chemother. 2004; 48(6): 2166-72.
18. Walsh TJ, Adamson PC, Seibel NL, Flynn PM, Neely MN, Schwartz C et al. Pharmacokinetics,
Safety, and Tolerability of Caspofungin in Children and Adolescents. Antimicrob Agents
Chemother. 2005; 49: 4536-45.
19. Ellis, D. Laboratory Methods: Antifungal Susceptibility Profiles. Mycology Online. The University of
Adelaide, South Australia
2006.http://www.mycology.adelaide.edu.au/Laboratory_Methods/Antifungal_Susceptibility_Testing/
astprofiles.html
20. Pizzo PA, Robichaud KJ, Gill FA, Witebsky FG. Empiric antibiotic and antifungal therapy for cancer
patients with prolonged fever and granulocytopenia. Am J Med. 1982; 72(1): 101-11.
21. Empiric antifungal therapy in febrile granulocytopenic patients. EORTC International Antimicrobial
Therapy Cooperative Group. Am J Med. 1989; 86(6 Pt 1): 668-72.
22. Hughes WT, Armstrong D, Bodey GP, Bow EJ, Brown AE, Calandra T et al. 2002 guidelines for the
use of antimicrobial agents in neutropenic patients with cancer. Clin Infect Dis. 2002; 34(6): 73051.
23. Prentice HG, Hann IM, Herbrecht R, Aoun M, Kvaloy S, Catovsky D et al. A randomized
comparison of liposomal versus conventional amphotericin B for the treatment of pyrexia of
unknown origin in neutropenic patients. Br J Haematol. 1997; 98(3): 711-8.
24. Walsh TJ, Finberg RW, Arndt C, Hiemenz J, Schwartz C, Bodensteiner D et al. Liposomal
amphotericin B for empirical therapy in patients with persistent fever and neutropenia. National
Institute of Allergy and Infectious Diseases Mycoses Study Group. N Engl J Med. 1999; 340(10):
764-71.
25. White MH, Bowden RA, Sandler ES, Graham ML, Noskin GA, Wingard JR et al. Randomized,
double-blind clinical trial of amphotericin B colloidal dispersion vs. amphotericin B in the empirical
treatment of fever and neutropenia. Clin Infect Dis. 1998; 27(2): 296-302.
26. Johansen HK. Gotzsche PC. Amphotericin B lipid soluble formulations versus amphotericin B in
cancer patients with neutropenia. Cochrane Database of Systematic Reviews. 2000; Issue 3:
CD000969.
27. Barrett JP, Vardulaki KA, Conlon C, Cooke J, Daza-Ramirez P, Evans EG et al. A systematic
review of the antifungal effectiveness and tolerability of amphotericin B formulations. Clin Ther
2003; 25(5): 1295-320.
28. Winston DJ, Hathorn JW, Schuster MG, Schiller GJ, Territo MC. A multicenter, randomized trial of
fluconazole versus amphotericin B for empiric antifungal therapy of febrile neutropenic patients with
cancer. Am J Med. 2000; 108(4): 282-9.
29. Viscoli C, Castagnola E, Van Lint MT, Moroni C, Garaventa A, Rossi MR et al. Fluconazole versus
amphotericin B as empirical antifungal therapy of unexplained fever in granulocytopenic cancer
patients: a pragmatic, multicentre, prospective and randomised clinical trial. Eur J Cancer. 1996;
32A(5): 814-20.
30. Malik IA, Moid I, Aziz Z, Khan S, Suleman M. A randomized comparison of fluconazole with
amphotericin B as empiric anti-fungal agents in cancer patients with prolonged fever and
neutropenia. Am J Med. 1998; 105(6): 478-83.

Finalised version: September 2007

15

31. Boogaerts M, Winston DJ, Bow EJ, Garber G, Reboli AC, Schwarer AP et al. Intravenous and oral
itraconazole versus intravenous amphotericin B deoxycholate as empirical antifungal therapy for
persistent fever in neutropenic patients with cancer who are receiving broad-spectrum antibacterial
therapy. A randomized, controlled trial. Ann Intern Med. 2001; 135(6): 412-22.
32. Kim SY, Park JS, Jeong NG, Jeong DC, Cho B, Kim HW. Amphotericin B and itraconazole as
empirical antifungal therapy in children with acute leukemia with neutropenic fever [abstract: not
th
selected for publication]. In: Program and abstracts of the 47 American Society of Hematology
Meeting (Atlanta, GA): American Society of Hematology, 2005.
33. Walsh TJ, Pappas P, Winston DJ, Lazarus HM, Petersen F, Raffalli J et al. Voriconazole compared
with liposomal amphotericin B for empirical antifungal therapy in patients with neutropenia and
persistent fever. N Engl J Med. 2002; 346(4): 225-34.
34. Walsh TJ, Teppler H, Donowitz GR, Maertens JA, Baden LR, Dmoszynska A et al. Caspofungin
versus liposomal amphotericin B for empirical antifungal therapy in patients with persistent fever
and neutropenia. N Engl J Med. 2004; 351(14): 1391-402.
35. Levy I, Rubin LG, Vasishtha S, Tucci V, Sood SK. Emergence of Candida parapsilosis as the
predominant species causing candidemia in children. Clin Infect Dis. 1998; 26(5): 1086-8..
36. Zaoutis TE, Greves HM, Lautenbach E, Bilker WB, Coffin SE. Risk factors for disseminated
candidiasis in children with candidemia. Pediatr Infect Dis J. 2004; 23(7): 635-41.
37. Marriott D, Sorrell T, Slavin M, Chen S, Ellis D. The Australian Candidaemia Study: A prospective
population based laboratory surveillance for candidaemia in Australia over a three year period
(Unpublished work). 2006.
38. Nguyen MH, Peacock JE, Jr., Morris AJ, Tanner DC, Nguyen ML, Snydman DR et al. The changing
face of candidemia: emergence of non-Candida albicans species and antifungal resistance. Am J
Med. 1996; 100(6): 617-23.
39. Faix RG. Invasive neonatal candidiasis: comparison of albicans and parapsilosis infection. Pediatr
Infect Dis J. 1992; 11(2):88-93, 1992.
40. Driessen M, Ellis JB, Cooper PA, Wainer S, Muwazi F, Hahn D et al. Fluconazole vs. amphotericin
B for the treatment of neonatal fungal septicemia: a prospective randomized trial. Pediatr Infect Dis
J. 1996; 15(12):1107-12.
41. Mondal RK, Singhi SC, Chakrabarti AMJ. Randomised comparison between fluconazole and
itraconazole for the treatment of candidaemia in a pediatric intensive care unit: a preliminary study.
Pediatric Critical Care Medicine 2004; 5: 561-55.
42. Anaissie EJ, Darouiche RO, Abi-Said D, Uzun O, Mera J, Gentry LO et al. Management of invasive
candidal infections: results of a prospective, randomized, multicenter study of fluconazole versus
amphotericin B and review of the literature. Clin Infect Dis. 1996; 23(5):964-72.
43. Rex JH, Bennett JE, Sugar AM, Pappas PG, van der Horst CM, Edwards JE et al. A randomized
trial comparing fluconazole with amphotericin B for the treatment of candidemia in patients without
neutropenia. Candidemia Study Group and the National Institute. N Engl J Med. 1994; 331(20):
1325-30.
44. Phillips P, Shafran S, Garber G, Rotstein C, Smaill F, Fong I et al. Multicenter randomized trial of
fluconazole versus amphotericin B for treatment of candidemia in non-neutropenic patients.
Canadian Candidemia Study Group. Eur J Clin Microbiol Infect Dis. 1997; 16(5): 337-45.
45. Kullberg BJ, Sobel J, Ruhnke M, Pappas PG, Viscoli C, Rex JH et al. Voriconazole versus a
regimen of amphotericin B followed by fluconazole for candidaemia in non-neutropenic patients: a
randomised non-inferiority trial. Lancet 2005; 366: 1435-42.

Finalised version: September 2007

16

46. Ally R, Schurmann D, Kreisel W, Carosi G, Aguirrebengoa K, Dupont B et al. A randomized,
double-blind, double-dummy, multicenter trial of voriconazole and fluconazole in the treatment of
esophageal candidiasis in immunocompromised patients. Clin Infect Dis. 2001; 33(9): 1447-54.
47. Mora-Duarte J, Betts R, Rotstein C, Colombo AL, Thompson-Moya L, Smietana J et al.
Comparison of caspofungin and amphotericin B for invasive candidiasis. N Engl J Med. 2002;
347(25): 2020-9.
48. Arathoon EG, Gotuzzo E, Noriega LM, Berman RS, Dinubile MJ, Sable CA. Randomized, doubleblind, multicenter study of caspofungin versus amphotericin B for treatment of oropharyngeal and
esophageal candidiases. Antimicrob Agents Chemother. 2002; 46(2): 451-7.
49. Villanueva A, Arathoon EG, Gotuzzo E, Berman RS, Dinubile MJ, Sable CA. A randomized doubleblind study of caspofungin versus amphotericin for the treatment of candidal esophagitis. Clin Infect
Dis. 2001; 33(9): 1529-35.
50. Villanueva A, Gotuzzo E, Arathoon EG, Noriega LM, Kartsonis NA, Lupinacci RJ et al. A
randomized double-blind study of caspofungin versus fluconazole for the treatment of esophageal
candidiasis. Am J Med. 2002; 113(4): 294-9.
51. Pappas PG, Rex JH, Sobel JD, Filler SG, Dismukes WE, Walsh TJ et al. Guidelines for treatment
of candidiasis. Clin Infect Dis. 2004; 38(2): 161-89.
52. Donowitz LG,.Hendley JO. Short-course amphotericin B therapy for candidemia in pediatric
patients. Pediatrics. 1995; 95(6): 888-91.
53. Nucci M, Anaissie E. Should vascular catheters be removed from all patients with candidemia? An
evidence-based review. Clin Infect Dis. 2002; 34(5): 591-9.
54. Karlowicz MG, Hashimoto LN, Kelly RE, Jr., Buescher ES. Should central venous catheters be
removed as soon as candidemia is detected in neonates? Pediatrics. 2000; 106(5): E63.
55. Rex JH, Bennett JE, Sugar AM, Pappas PG, Serody J, Edwards JE et al. Intravascular catheter
exchange and duration of candidemia. NIAID Mycoses Study Group and the Candidemia Study
Group. Clin Infect Dis.1995; 21(4): 994-6.
56. Pasqualotto AC, de Moraes AB, Zanini RR, Severo LC. Predictors of mortality in children with
th
candidaemia [abstract P-811]. In: Program and abstracts of the 16 European Congress of Clinical
Microbiology and Infectious Diseases (Nice, France): European Society of Clinical Microbiology
and Infectious Diseases, 2006
57. Bowden R, Chandrasekar P, White MH, Li X, Pietrelli L, Gurwith M et al. A double-blind,
randomized, controlled trial of amphotericin B colloidal dispersion versus amphotericin B for
treatment of invasive aspergillosis in immunocompromised patients. Clin Infect Dis. 2002; 35(4):
359-66.
58. Leenders AC, Daenen S, Jansen RL, Hop WC, Lowenberg B, Wijermans PW et al. Liposomal
amphotericin B compared with amphotericin B deoxycholate in the treatment of documented and
suspected neutropenia-associated invasive fungal infections. Br J Haematol. 1998; 103(1): 205-12.
59. Cornely OA, Maertens J, Bresnik M, Ebrahimi R, Ullmann AJ, Bouza E et al. Liposomal
amphotericin B as initial therapy for invasive mold infection: a randomized trial comparing a highloading regimen with standard dosing (AmBiLoad Trial). Clin Infect Dis. 2007; 44(10): 1289-97.
60. Herbrecht R, Denning DW, Patterson TF, Bennett JE, Greene RE, Oestmann JW et al.
Voriconazole versus amphotericin B for primary therapy of invasive aspergillosis. N Engl J Med.
2002; 347(6): 408-15.

Finalised version: September 2007

17

61. Maertens J, Raad II, Petrikkos G, Boogaerts M, Selleslag D, Petersen F et al. Efficacy and safety of
caspofungin for treatment of invasive aspergillosis in patients refractory to or intolerant of
conventional antifungal therapy. Clin Infect Dis. 2004; 39: 1563-91.
62. Kartsonis NA, Saah AJ, Joy LC, Taylor AF, Sable CA. Salvage therapy with caspofungin for
invasive aspergillosis: results from the caspofungin compassionate use study. J Infect. 2005; 50(3):
196-205.
63. Walsh TJ, Lutsar I, Driscoll T, Dupont B, Roden M, Ghahramani P et al. Voriconazole in the
treatment of aspergillosis, scedosporiosis and other invasive fungal infections in children. Pediatr
Infect Dis J 2002; 21(3): 240-8.
64. Rex JH, Pappas PG, Karchmer AW, Sobel J, Edwards JE, Hadley S et al. A randomized and
blinded multicenter trial of high-dose fluconazole plus placebo versus fluconazole plus amphotericin
B as therapy for candidemia and its consequences in nonneutropenic subjects. Clin Infect Dis.
2003; 36(10): 1221-8.
65. Marr KA, Boeckh M, Carter RA, Kim HW. Combination antifungal therapy for invasive aspergillosis.
Clin Infect Dis. 2004; 39: 797-802.
66. Brouwer AE, Rajanuwong A, Chierakul W, Griffin GE, Larsen RA, White NJ et al. Combination
antifungal therapies for HIV-associated cryptococcal meningitis: a randomised trial. Lancet. 2004;
363(9423): 1764-7.
67. van der Horst CM, Saag MS, Cloud GA, Hamill RJ, Graybill JR, Sobel JD et al. Treatment of
cryptococcal meningitis associated with the acquired immunodeficiency syndrome. National
Institute of Allergy and Infectious Diseases Mycoses Study Group and AIDS Clinical Trials Group..
N Engl J Med. 1997; 337(1): 15-21.
68. Saag MS, Powderly WG, Cloud GA, Robinson P, Grieco MH, Sharkey PK et al. Comparison of
amphotericin B with fluconazole in the treatment of acute AIDS-associated cryptococcal meningitis.
The NIAID Mycoses Study Group and the AIDS Clinical Trials Group. N Engl J Med. 1992; 326(2):
83-9.
69. Slavin M, Thursky K, Morrissey O, Bardy P, Seymour J, Szer J, et al. Consensus from the
th
Australian and New Zealand antifungal guidelines meeting, 8 November 2006. Brisbane. Australia
70. Husain S, Munoz P, Forrest G, Alexander BD, Somani J, Brennan K et al. Infections due to
Scedosporium apiospermum and Scedosporium prolificans in transplant recipients: clinical
characteristics and impact of antifungal agent therapy on outcome. Clin Infect Dis. 2005; 40(1): 8999.
71. Meletiadis J, Mouton JW, Meis JF, Verweij PE. In vitro drug interaction modeling of combinations of
azoles with terbinafine against clinical Scedosporium prolificans isolates. Antimicrob Agents
Chemother. 2003; 47(1): 106-17.
72. Perfect JR. Treatment of non-Aspergillus moulds in immunocompromised patients, with
amphotericin B lipid complex. Clin Infect Dis. 2005; 40 Suppl 6: S401-8.
73. Perfect JR, Marr KA, Walsh TJ, Greenberg RN, Dupont B, Torre-Cisneros J et al. Voriconazole
treatment for less-common, emerging, or refractory fungal infections. Clin Infect Dis. 2003; 36(9):
1122-31.
74. Nucci M, Marr KA. Emerging fungal diseases. Clin Infect Dis. 2005; .41(4): 521-6..
75. Herbrecht R, Letscher-Bru V, Bowden RA, Kusne S, Anaissie EJ, Graybill JR et al. Treatment of 21
cases of invasive mucormycosis with amphotericin B colloidal dispersion. Eur J Clin Microbiol Infect
Dis. 2001; 20(7): 60-6.

Finalised version: September 2007

18

76. Greenberg RN, Mullane K, van Burik JA, Raad I, Abzug MJ, Anstead G et al. Posaconazole
assalvage therapy for zygomycosis. Antimicrob Agents Chemother. 2006; 50(1): 126-33.
77. Almyroudis NG, Kontoyiannis DP, Sepkowitz KA, dePauw BE, Walsh TJ, Segal BH. Issues Related
to the Design and Interpretation of Clinical Trials of Salvage Therapy for Invasive Mold Infection.
Clin Infect Dis. 2006; 43(11): 1449-55.
78. Caillot D, Couaillier JF, Bernard A, Casasnovas O, Denning DW, Mannone L et al. Increasing
volume and changing characteristics of invasive pulmonary aspergillosis on sequential thoracic
computed tomography scans in patients with neutropenia. J Clin Oncol. 2001; 19(1): 253-9.
79. Miller CB, Waller EK, Klingemann HG, Dignani MC, Anaissie EJ, Cagnoni PJ et al. Lipid
formulations of amphotericin B preserve and stabilize renal function in HSCT recipients. Bone
Marrow Transplant. 2004; 33(5): 543-8.
80. Goldman RD,.Koren G. Amphotericin B nephrotoxicity in children. J Pediatr Hematol Oncol. 2004;
26(7): 421-6.
81. Butler WT, Bennett JE, Alling DW, Wertlake PT, Utz JP, Hill GJ. Nephrotoxicity of amphotericin B;
Early and late effects in 81 patients. Ann Intern Med. 1964; 61: 175-87.
82. Bates DW, Su L, Yu DT, Chertow GM, Seger DL, Gomes DR et al. Mortality and costs of acute
renal failure associated with amphotericin B therapy. Clin Infect Dis. 2001; 32(5): 686-93.
83. Nath CE, Shaw PJ, Gunning R, McLachlan AJ, Earl JW. Amphotericin B in children with malignant
disease: a comparison of the toxicities and pharmacokinetics of amphotericin B administered in
dextrose versus lipid emulsion. Antimicrob Agents Chemother. 1999; 43(6): 1417-23.
84. Sandler ESM, Mustafa MMM, Tkaczewski IRN, Graham MLM, Morrison VAM, Green MMD et al.
Use of Amphotericin B colloidal dispersion in children. J Pediatr Hematol Oncol. 2000; 22: 242-6.
85. Le J, Adler-Shohet FC, Nguyen C, Lieberman JM. Nephrotoxicity associated with conventional
rd
amphotericin B in neonates [Abstract 550]. In: Program and abstracts of the 43 Infectious
DIseases Soceity of America (San Fransisco): Infectious Diseases Society of America, 2005.
86. Linder N, Klinger G, Shalit I, Levy I, Ashkenazi S, Haski G et al. Treatment of candidaemia in
premature infants: comparison of three amphotericin B preparations. J Antimicrob Chemother.
2003; 52(4): 663-7.
87. Walsh TJ, Hiemenz JW, Seibel NL, Perfect JR, Horwith G, Lee L et al. Amphotericin B lipid
complex for invasive fungal infections: analysis of safety and efficacy in 556 cases. Clin Infect Dis.
1998; 26(6): 1383-96.
88. Anaissie EJ, Mattiuzzi GN, Miller CB, Noskin GA, Gurwith MJ, Mamelok RD et al. Treatment of
invasive fungal infections in renally impaired patients with amphotericin B colloidal dispersion.
Antimicrob Agents Chemother. 1998; 42(3): 606-11.
89. Wingard JR, White MH, Anaissie E, Raffalli J, Goodman J, Arrieta A et al. A randomized, doubleblind comparative trial evaluating the safety of liposomal amphotericin B versus amphotericin B lipid
complex in the empirical treatment of febrile neutropenia. L Amph/ABLC Collaborative Study
Group. Clin Infect Dis. 2000; 31(5): 1155-63.
90. Girois SB, Chapuis F, Decullier E, Revol BG. Adverse effects of antifungal therapies in invasive
fungal infections: review and meta-analysis.Eur J Clin Microbiol Infect Dis. 2006; 25(2): 138-49.
91. Wingard JR, Kubilis P, Lee L, Yee G, White M, Walshe L et al. Clinical significance of
nephrotoxicity in patients treated with amphotericin B for suspected or proven aspergillosis. Clin
Infect Dis. 1999; 29(6): 1402-7

Finalised version: September 2007

19

92. Bates DW, Su L, Yu DT, Chertow GM, Seger DL, Gomes DR et al. Correlates of acute renal failure
in patients receiving parenteral amphotericin B. Kidney Int. 2001; 60(4): 1452-9.
93. Luber AD, Maa L, Lam M, Guglielmo BJ. Risk factors for amphotericin B-induced nephrotoxicity. J
Antimicrob Chemother. 1999; 43(2): 267-71.
94. Fisher MA, Talbot GH, Maislin G, McKeon BP, Tynan KP, Strom BL. Risk factors for Amphotericin
B-associated nephrotoxicity. Am J Med. 1989; 87(5): 547-52.
95. Holler B, Omar SA, Farid MD, Patterson MJ. Effects of fluid and electrolyte management on
amphotericin B-induced nephrotoxicity among extremely low birth weight infants. Pediatrics. 2004;
113(6): e608-16.
96. Llanos A, Cieza J, Bernardo J, Echevarria J, Biaggioni I, Sabra R et al. Effect of salt
supplementation on amphotericin B nephrotoxicity. Kidney Int. 1991; 40(2): 302-8.
97. Stein RS,.Alexander JA. Sodium protects against nephrotoxicity in patients receiving amphotericin
B. American Journal of the Medical Sciences.1989; 298(5): 299-304.
98. Goodwin SD, Cleary JD, Walawander CA, Taylor JW, Grasela TH, Jr. Pretreatment regimens for
adverse events related to infusion of amphotericin B. Clin Infect Dis. 1995; 20: 755-61.
99. Grasela TH, Jr., Goodwin SD, Walawander MK, Cramer RL, Fuhs DW, Moriarty VP. Prospective
surveillance of intravenous amphotericin B use patterns. Pharmacotherapy. 1990; 10(5): 341-8.
100. Kingo AR, Smyth JA, Waisman D. Lack of evidence of amphotericin B toxicity in very low birth
weight infants treated for systemic candidiasis. Pediatr Infect Dis J. 1997; 16(10): 1002-3.
101. Fleming RV, Kantarjian HM, Husni R, Rolston K, Lim J, Raad I et al. Comparison of amphotericin B
lipid complex (ABLC) vs. ambisome in the treatment of suspected or documented fungal infections
in patients with leukemia. Leuk Lymphoma. 2001; 40(5-6): 511-20.
102. Subira M, Martino R, Gomez L, Marti JM, Estany C, Sierra J. Low-dose amphotericin B lipid
complex vs. conventional amphotericin B for empirical antifungal therapy of neutropenic fever in
patients with hematologic malignancies - a randomized, controlled trial. Eur J Haematol. 2004;
72(5): 342-7.
103. Eriksson U, Seifert B, Schaffner A. Comparison of effects of amphotericin B deoxycholate infused
over 4 or 24 hours: randomised controlled trial. BMJ. 2001; 322(7286): 579-82
104. Peleg AY, Woods ML. Continuous and 4h infusion of amphotericin B: a comparative study involving
high risk haematology patients. J.Antimicrob.Chemother. 2004; 54: 803-8.
105. Groll AH,.Kolve H. Antifungal agents: in vitro susceptibility testing, pharmacodynamics, and
prospects for combination therapy. Eur J Clin Microbiol Infect Dis. 2004; 23(4): 256-70.
106. Cagnoni PJ, Walsh TJ, Prendergast MM, Bodensteiner D, Hiemenz S, Greenberg RN et al.
Pharmacoeconomic analysis of liposomal amphotericin B versus conventional amphotericin B in
the empirical treatment of persistently febrile neutropenic patients. J. Clin Oncol. 2000; 18(12):
2476-83.
107. Wenzel R, Del Favero A, Kibbler C, Rogers T, Rotstein C, Mauskopf J et al. Economic evaluation
of voriconazole compared with conventional amphotericin B for the primary treatment of
aspergillosis in immunocompromised patients. J Antimicrob Chemother. 2005; 55(3): 352-61.
108. Blyth CC, Palasanthiran P, O'Brien,TA. Antifungal Therapy in Children with Infections: A Systematic
Review. Pediatrics 2007; 119: 772-84..

Finalised version: September 2007

20

109. The AGREE Collaboration. Appraisal of Guidelines for Research & Evaluation (AGREE)
Instrument. www.agreecollaboration.org. 2001.
110. National Health and Medical Research Council. A guide to the development, implementation and
evaluation of clinical practice guidelines. NHMRC Canberra. 1999.
111. Rolston KV. The Infectious Diseases Society of America 2002 guidelines for the use of
antimicrobial agents in patients with cancer and neutropenia: salient features and comments. Clin
Infect Dis. 2004; 39 Suppl 1: S44-8.
112. Ascioglu S, Rex JH, de Pauw B, Bennett JE, Bille J, Crokaert F et al. Defining opportunistic
invasive fungal infections in immunocompromised patients with cancer and hematopoietic stem cell
transplants: an international consensus. Clin Infect Dis. 2002; 34(1): 7-14.
113. Schmitt C, Perel Y, Harousseau JL, Lemerle S, Chwetzoff E, le Moing JP et al. Pharmacokinetics
of itraconazole oral solution in neutropenic children during long-term prophylaxis. Antimicrob
Agents Chemother. 2001; 45(5): 1561-4.
114. de Repentigny L, Ratelle J, Leclerc JM, Cornu G, Sokal EM, Jacqmin P et al. Repeated-dose
pharmacokinetics of an oral solution of itraconazole in infants and children. Antimicrob Agents
Chemother. 1998; 42(2): 404-8.
115. Walsh T, Driscoll T, Arietta A, Klein N, Bradley J, Hafri H et al. Pharmacokinetics, Safety, and
th
Tolerability of Voriconazole in Hospitalized Children. In: Program and abstracts of the 46
Interscience Conference on Antimicrobial Agents and Chemotherapy (San Francisco): American
Society for Microbiology, 2006.
116. Krishna G, Wexler D, Courtney R, Sansone A, Suh E, Shah A et al. Posaconazole (POS) plasma
concentrations in pediatric patients with invasive fungal infections (IFIs) [abstract A-41]. In:
th
Program and abstracts of the 44 Interscience Conference on Antimicrobial Agents and
Chemotherapy (Washington DC): American Society for Microbiology, 2004.
117. Odio CM, Pinto LE, Alfaro B, Vasquez S, Castro CE, Hernandez M et al. Pharmacokinetics (PK) of
caspofungin (CAS) in six premature neonates (PNN) with invasive candidiasis (IC) at a neonatal
th
intensive care unit (NNICU) [abstract LB-16]. In: Program and abstracts of the 45 Interscience
Conference on Antimicrobial Agents and Chemotherapy (Washington DC): American Society for
Microbiology, 2005.
118. Glasmacher A, Hahn C, Leutner C, Molitor E, Wardelmann E, Losem C et al. Breakthrough
invasive fungal infections in neutropenic patients after prophylaxis with itraconazole. Mycoses.
1999; 42(7-8): 443-51.
119. Denning DW, Ribaud P, Milpied N, Caillot D, Herbrecht R, Thiel E et al. Efficacy and safety of
voriconazole in the treatment of acute invasive aspergillosis. Clin Infect Dis.2002; 34(5): 563-71.
120. Pascual AA, Bolay S, Marchietti O. Documentation of low voriconazole blood levels followed by
dose adjustment in patients with invasive fungal infections not responding to therapy [Abstract M1304]. In: Program and abstracts of the 46th Interscience Conference on Antimicrobial Agents and
Chemotherapy (San Francisco): American Society for Microbiology 2006
121. Janssen-Cilag Pty Ltd. Sporanox [product information]. 2004.
122. Pfizer Pty Ltd. Vfend [product information]. 2006.
123. Merck Sharp & Dohme Pty Ltd. Cancidas [product information]. 2005.

Finalised version: September 2007

21

Box 1 - Objectives, methodology, consensus process and evidence of
recommendations.
The objective of this guideline is to provide a rational approach to antifungal prescribing by
paediatricians. In doing so, we hope to decrease fungal morbidity and mortality, minimise drug
toxicity and encourage prescribing in the most cost effective fashion. The target readers are
clinicians who treat children of all ages with invasive fungal infections.
Medline, Embase and Cochrane databases were searched from January 1966 to November 2006
for relevant studies. Review of references and conference proceedings led to identification of
additional relevant articles including unpublished data. All studies identified by this search were
reviewed and have been previously presented.108 The AGREE instrument was used as a guide to
formulate this document.109
The guideline was reviewed and endorsed by members of the Paediatric Infectious Diseases
Group (Australasian Society of Infectious Diseases) and Mycoses Interest Group (Australasian
Society of Infectious Diseases) and the Paediatric Bone Marrow Transplant Committee (Australia
and New Zealand Children’s Haematology/Oncology Group).
All relevant evidence is annotated to reflect the level of evidence used.110
I

Evidence obtained from a systematic review of all relevant randomised controlled trials.

II

Evidence obtained from at least one properly-designed randomised controlled trial.

III-1 Evidence obtained from well-designed pseudo randomised controlled trials (alternate
allocation or some other method).
III-2 Evidence obtained from comparative studies with concurrent controls and allocation not
randomised, cohort studies, case-control studies, or interrupted time series with a control
group.
III-3 Evidence obtained from comparative studies with historical control, two or more single arm
studies or interrupted time series without a parallel control group.
IV

Evidence obtained from case series, either post-test or pretest/post-test.

The guideline is current for 3 years unless superseded.

Finalised version: September 2007

22

Box 2 - Definitions
For the purpose of these guidelines, the following definitions are used.
•

Child: any subject 17 years and younger.

•

Prolonged fever and neutropenia: the persistence of fever (a single oral temperature of ≥ 38.3ºC
or a temperature of ≥ 38.0ºC for ≥ 1 hour) for at least 3-5 days, unresponsive to broad spectrum
antibiotics in the absence of an identified pathogen and neutropenia (a neutrophil count of
≤ 0.5 x 109/L or a count of < 1.0 x 109/L with a predicted decrease to < 0.5 x 109/L in 24 - 48
hours).22,111,112

•

Candidaemia: The identification of a blood culture that yields a Candida species in patients with
temporally related clinical signs and symptoms compatible with infection.

112

•

Invasive candidiasis: Proven or probable invasive infection as defined by Ascioglu et al. 112

•

Invasive mould infection: Proven or probable invasive infection as defined by Ascioglu et al. 112
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Box 3 - Antifungal susceptibility for Candida, Aspergillus and other clinically
important fungal pathogens.19
‡

AmB

Flu

Itra

Vori

Posa

S

S

S

S

S

S

S

Candida parapsilosis

S

S

S

S

S

S

S

Candida glabrata

§

SDD

SDD

S

S

S

S

Candida krusei

§

S

R

SDD

S

S

I or V

S

Candida tropicalis

S

S

S

S

S

S

S

Candida lusitaniae

S

S

S

S

S

S

S

Cryptococcus neoformans

S

S

SDD

S

S

S

R

AmB

Flu

Itra

Vori

Posa

5FC

Caspo

Aspergillus fumigatus

S

R

SDD

S

S

R

S

Aspergillus flavus

S

R

SDD

S

S

R

S

I or V

R

I or V

S

S

R

R

R

R

R

R

R

R

R

I or V

R

R

I or V

I or V

R

R

**S

R

R

R

R

R

Yeasts
Candida albicans

S

Moulds

Pseudallescheria boydii
(Scedosporium apiospermum)
Scedosporium prolificans║
Fusarium spp.
Zygomycetes spp (eg: Mucur,
Rhizomucor, Rhizopus)

††

S

5FC Caspo

*S

Sensitive

I or V

Intermediate / Variable
resistance

SDD

Sensitive but
dose dependant

R

Resistant

†

* Susceptibility is based on at least 75% of clinical isolates being susceptible.
†
Susceptibility is dependent on achieving the maximal possible blood level of the antifungal agent.
‡
5-Flucytosine should not be used in isolation without the additional of other antifungals due to the rapid
emergence of resistance.
§
A proportion of Candida glabrata and C. krusei have reduced susceptibility to amphotericin B. When
conventional amphotericin B is used to treat infections due to C. glabrata and C. krusei, doses of
51
1mg/kg/day may be required.
║
Scedosporium prolificans displays in vitro resistant to all antifungals. Synergy against S.prolificans is often
71
demonstrated in vitro with voriconazole and terbinafine. Clinical evidence of synergy with voriconazole
and terbinafine is, however, restricted to case reports only.
**High doses of a lipid preparation are required for infection with zygomycete species (ie. ≥ 5mg/kg/day).
††
Posaconazole has potent in vitro activity against most zygomycetes. However, clinical data is mostly limited
to step-down oral therapy after successful induction therapy (high dose IV lipid preparation amphotericin B)
or for salvage therapy of invasive mucormycosis.
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Box 4 – Recommended paediatric antifungal doses
Drug

Formulation

Conventional
Amphotericin B*

Intravenous
preparation

Liposomal
Amphotericin B

Intravenous
preparation

ABLC
ABCD
Fluconazole

Itraconazole§

Voriconazole§

Intravenous
preparation
Intravenous
preparation
Capsule, suspension
and intravenous
preparation
Capsule and
suspension.
(IV preparation not
registered in
║
Australia )
Tablet, suspension
and intravenous
║
preparation

Clinical setting

Recommended dose

Fever & neutropenia
Yeast infection
Mould infection
Fever & neutropenia
Yeast infection
Mould infection

0.6 – 1 mg/kg/day
0.6 – 1 mg/kg/day
1 - 1.5 mg/kg/day
1 - 3 mg/kg/day
1 - 3 mg/kg/day
‡
3 - 5 mg/kg/day

†

All settings

5 mg/kg/day
‡

3 - 5mg/kg/day

All settings
All settings

6 – 12 mg/kg/day

All settings

§

All settings

**

Posaconazole††

Suspension

All settings

Caspofungin

Intravenous
preparation

All settings

16

2.5 mg/kg 12 hourly113,114

6 - 8 mg/kg 12 hourly.17,115

400 - 800 mg/day in 2 - 4
116
divided doses
**
2
50 mg/m daily for children
18
and adolescents.
**
2
2 mg/kg or 25 mg/m daily
for premature neonates117

* The risk of infusion reactions and nephrotoxicity is reduced when CAB is given as a continuous infusion.
Although outcome data is encouraging, trials have been insufficiently powered to assess efficacy.
†
When conventional amphotericin B is used to treat infections due to C. glabrata and C. krusei, doses of
51
1mg/kg/day are recommended.
‡
For Fusarium and Zygomycetes species, 5 mg/kg of a lipid preparation should be used. Higher doses may
be required for Zygomycete infections.
§
Therapeutic drug monitoring is recommended in children with invasive fungal disease given the variable
118
metabolism and limited pharmacokinetic data in children. Target trough itraconazole level: > 0.5µg/ml.
119,120
Target trough voriconazole level: 1- 6 µg/ml.
║
Cyclodextrins are present in the intravenous preparations of itraconazole and voriconazole. Caution
121,122
should be taken when using these in children with creatinine clearance of < 50ml/min.
**
Dose modification recommended in adults with cirrhosis (voriconazole) and moderate to severe
122,123
No pharmacokinetic data exists in children with liver disease.
hepatic insufficiency (caspofungin).
††
Posaconazole has been studied in children 8 to 17 years. No data is available for younger child.
Posaconazole is only licensed for children 13 years and older
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Box 5 – Key recommendations
Recommendation 1 – Prolonged fever and neutropenia
Recommended
Agents
Alternative
Agents§

*Amphotericin

B

Caspofungin

†

Fluconazole

or

Voriconazole

or

* For the choice of amphotericin B preparation – see recommendation 4
† Fluconazole is only recommended in fluconazole naïve, low risk patients.
Patients at increased risk of mould infection should receive amphotericin B. This includes:
•
haematopoietic stem cell recipients
•
children with congenital immunodeficiency
•
children with high risk malignancies on aggressive chemotherapy protocols
(eg relapsed and high risk leukaemias, high risk solid tumours)
•
children expected to have prolonged neutropenia (eg bone marrow failure syndromes,
aplastic anaemia,)

Recommendation 2 – Candidaemia or invasive candidiasis
Recommended
Agents
Alternative
Agents§

†

Fluconazole

or

Caspofungin

or

*Amphotericin

B

Voriconazole

†

Fluconazole is recommended as first line therapy in fluconazole sensitive candidal infections.
In children pretreated with antifungals, fluconazole should not be used until the species has been
identified or fluconazole sensitivity is confirmed.
* Amphotericin B (± flucytosine) is recommended as initial therapy for candidal meningitis and
51
endocarditis. For more information, see Pappas et al.
For the choice amphotericin B preparation – see recommendation 4

Recommendation 3 – Invasive aspergillosis
Recommended
Agent
Alternative
Agents§

‡

Voriconazole

*Amphotericin

B

or

Caspofungin

‡

Therapeutic drug monitoring is recommended when using voriconazole in children with invasive
fungal infections.
* For choice of amphotericin B preparation – see recommendation 4

§

Alternative agents are usually only required in the context of resistant organisms, significant adverse
reactions or disease progression despite therapy.
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Box 5 – Key recommendations, continued
Recommendation 4 – Amphotericin therapy
• All children receiving an amphotericin B preparation should have conditions optimised including
reducing the number of potentially nephrotoxic medications where possible, ensuring adequate
hydration prior to commencing therapy, close monitoring of renal function and appropriate electrolyte
supplementation where indicated. The choice of amphotericin preparation and method of
administration should be guided by nephrotoxicity risk and local guidelines.
• Patients at greatest risk of amphotericin B induced nephrotoxicity include:
− haematopoietic stem cell recipients
− children with significant renal insufficiency (creatinine ≥ 2x upper limit of normal [ULN])
Many experts would recommend a lipid preparation when amphotericin B is required in these
populations but because definitive paediatric data is lacking, there is not universal consensus on this.
• Other patients at increased risk of amphotericin B nephrotoxicity include:
− children with renal insufficiency not meeting the above definition (creatinine < 2x ULN).
− children receiving 2 or more concurrent nephrotoxins.
− children with a proven / probable mould infection that will require prolonged therapy.
The choice between convention amphotericin B and a lipid preparation in these children should be
considered on an individualised case by case basis.
• Patients without risk factors for amphotericin B induced nephrotoxicity can be safely treated with
conventional amphotericin B.
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