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Abstract

Persistent or recurrent fevers of unknown origin (PFUO) in neutropenic
patients on broad-spectrum antibiotics have traditionally been treated with
empirical antifungal therapy (EAFT). The lack of survival benefit seen with the
use of amphotericin B deoxycholate (AmB-D) as EAFT has been attributed to its
toxicities. More recently, newer, less toxic and more expensive antifungal
agents such as the lipid formulations of AmB, the newer azoles (fluconazole,
itraconazole and voriconazole) and caspofungin have been analysed in a
number of EAFT trials. Compared with AmB-D the newer agents have superior
safety but are of equivalent efficacy. This lack of survival advantage is related to
the fact that the trigger for commencement of EAFT is late and non-specific.
Thus, alternative approaches are required. New sensitive serological and
molecular tests for the detection of Aspergillus antigens and genomic DNA have
been developed and evaluated in accuracy studies. These tests have been
incorporated into management strategies (i.e. pre-emptive strategies) to direct
antifungal therapy. The pre-emptive approach has been shown to be safe and
feasible but its impact on clinically important patient outcomes such as survival
is less clear. Other advances include the introduction of effective, non-toxic
mould-active antifungal prophylaxis and patient risk-group stratification. In
this paper we provide new evidence-based algorithms for the diagnosis and
treatment of PFUO in adult patients undergoing stem cell transplantation and
chemotherapy for haematological malignancy which incorporate these newer
diagnostic tests and are directed by the risk category of the patient and type of
antifungal prophylaxis the patient is receiving.

Historical rationale

In the 1980s it was recognized that invasive fungal infec-
tions (IFI) were increasing in incidence, early treatment
of IFI was associated with improved outcomes, patients

treated with amphotericin B deoxycholate (AmB-D) for
persistent or recurrent fevers of unknown origin (PFUO)
had a lower mortality rate compared with historical con-
trols, and IFIs were difficult to diagnose using traditional
biopsy and culture.1–3
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Based on these observations, two prospective, ran-
domised controlled-trials (RCT) were performed to
compare the efficacy of AmB-D versus continuing anti-
biotics alone and/or discontinuing all antimicrobial
therapy for the treatment of PFUO.4,5 In both studies,
those randomized to AmB-D had a non-significant reduc-
tion in the incidence of IFI (6/32 vs. 1/18, P > 0.1 and
6/64 vs. 1/68, P = 0.1, respectively) and IFI-related mor-
tality (6% vs. 0%, P = 0.05), but did not have an increase
in overall survival (21% vs. 16%, P > 0.05). Importantly,
neither study was blinded nor statistically powered to
detect differences in the primary end-point or subgroup
analysis.6 Nevertheless, the results of these early trials
established and justified the strategy of administering
AmB-D empirically to treat possible IFI in patients who
develop PFUO while receiving broad-spectrum antibiot-
ics, as the standard of care.

Empirical antifungal therapy trials and
newer antifungal agents

AmB-D was the first agent used as empirical antifungal
therapy (EAFT). Many experts attribute the lack of
overall survival advantage observed with AmB-D, when
used as EAFT, to its well-known toxicities. Several RCTs
have since explored the efficacy and safety of newer but
more expensive agents such as liposomal amphotericin-B
(L-AMB), fluconazole, amphotericin B lipid complex
(ABLC), itraconazole, voriconazole and caspofungin
using the composite end-point.7–12 A table detailing the
pertinent results of these trials is available in Appendix II,
Table A1 (see electronic appendix). These trials used the
composite end-point to compare overall success rates and
while the trials did not demonstrate that any of the
newer agents have superior efficacy they did show that
these newer agents have superior tolerability. These
results, and the failure of EAFT to improve overall sur-
vival, are probably due, in part, to the fact that the
‘trigger’ for commencing EAFT – persistent fever – is an
insensitive, non-specific and late sign of IFI.

The concept of the composite end-point
and its impact on the choice of
empirical antifungal agent

The composite end-point (specifically developed for the
EAFT efficacy trials discussed above7–12) is comprised of
five components: (i) successful treatment of any baseline
fungal infection, (ii) absence of breakthrough fungal
infection, (iii) resolution of fever at a designated time
point, (iv) survival at a designated time point and (v) no
premature drug discontinuation due to lack of efficacy or

toxicity. All five components must be fulfilled for a case to
contribute to the overall success rate of an antifungal
agent under investigation. While the composite end-
point enabled the EAFT efficacy trials to be completed in
a timely fashion, components of the end-point, such as
fever, exerted a disproportionate influence on the overall
success rate of the trials, such that the true efficacy of the
antifungal agents under investigation is likely to have
been underestimated.13 As such, clinicians should not
rely on the results of these trials alone when choosing an
empirical antifungal agent.

Alternatives to EAFT: the role of a
pre-emptive treatment strategy

Given that EAFT has never actually increased overall
survival, an alternative antifungal strategy – one that
diagnoses IFI both accurately and early; guides subse-
quent management, including the prompt institution of
antifungal therapy where appropriate; and reduces mor-
bidity and mortality – would be welcomed. This type of
approach is commonly referred to in the literature as a
pre-emptive treatment strategy as it relies on the fact
that early diagnosis of an IFI and prompt institution of
therapy appear to increase survival.14

As part of this approach, many researchers have
focused on developing diagnostic tests that are rapid,
sensitive and specific. Methods such as high resolution
computed tomographic scan (HRCT) scans of the thorax,
antigen detection assays and nucleic acid amplification
assays are now available. Initial studies indicate that
these tests may fulfil the above criteria and may be clini-
cally useful if incorporated into a pre-emptive treatment
strategy.

New diagnostic tests for IFI

HRCT scan of the thorax

A halo sign (i.e. a mass-like pulmonary infiltrate sur-
rounded by a hazy edge of low attenuation) on a HRCT
during neutropenia has a sensitivity of 89% for the diag-
nosis of IFI.15 In two retrospective studies, systematic
HRCT scanning of the thorax (i.e. weekly during neutro-
penia or in the setting of febrile neutropenia, once an
infiltrate is detected on a chest x-ray), led to a diagnosis
of invasive aspergillosis (IA), on average 5 days earlier,
with a 66% relative reduction in IA-related mortality.16,17

Some HRCT findings, however, are non-specific (e.g.
diffuse infiltrates) and often require further evaluation
with invasive procedures such as bronchoscopy. This,
along with the fact that urgent HRCT scanning is not
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Persistent fevers of unknown origin for 96 hours or recurrent fevers of unknown origin after an afebrile 

period of 48 hours despite broad-spectrum antibiotics in a high-risk or intermediate high-risk neutropenic 

patient receiving voriconazole or posaconazole prophylaxis 

Clinically well 

Yes 

Continue voriconazole or posaconazole. Perform 

HRCT of thorax ± sinuses and NCBRDT 

HRCTs and 

NCBRDT  

–ve 

HRCTs and 

NCBRDT 

+ve 

HRCTs +ve 

and NCBRDT 

–ve 

Atypical 

lesions on 

HRCT and 

NCBRDT –ve 

Continue 

voriconazole or 

posaconazole 

and check drug 

levels. Repeat 

HRCTs and 

NCBRDT.‡ If 

fevers persist 

and HRCTs/ 

NCBRDT remain 

–ve, perform 

other 

investigations*  

Manage 

according to 

results of 

further tests 

and drug levels 

Take plasma for 

voriconazole or 

posaconazole 

levels before 

changing to L-

FAB. Perform 

biopsy +/– 

bronchoscopy† 

Manage 

according to 

results of 

biopsy, BAL and 

drug levels 

Check 

voriconazole or 

posaconazole 

levels. Continue 

voriconazole or 

posaconazole. 

Perform biopsy 

+/– 

bronchoscopy.† 

Consider 

investigating for 

other infectious/ 

non-infectious 

cause 

Manage 

according to 

results of 

biopsy, BAL, 

drug levels and 

other 

investigations 

No 

Take plasma for voriconazole and posaconazole levels before 

changing to L-FAB. Perform HRCT of thorax ± sinuses and NCBRDT 

HRCTs and 

NCBRDT  

–ve 

HRCTs +ve or 

atypical lesions +/– 

and NCBRDT +ve

Continue L-FAB. 

Repeat HRCTs and 

NCBRDT.‡ If 

fevers persist, 

HRCTs/NCBRDT 

remain –ve or 

patient remains 

clinically unwell, 

perform other 

investigations* 

Manage according 

to results of 

further tests and 

drug levels. Switch 

back to 

voriconazole or 

posaconazole for 

prophylaxis if no 

IFI diagnosed 

Remain on L-FAB. 

Perform biopsy +/– 

bronchoscopy† 

Manage according to 

results of biopsy, 

BAL and drug levels 

Take plasma for 

voriconazole or 

posaconazole 

levels first. 

Continue on 

voriconazole or 

posaconazole, 

or change to L-

FAB. Perform 

biopsy +/–

bronchoscopy.† 

Consider 

investigating for 

other infectious/ 

non-infectious 

cause 

Manage 

according to 

results of 

biopsy, BAL, 

drug levels and 

other 

investigations 

Figure 1 Algorithm for management of high-risk or intermediate high-risk neutropenic patients receiving voriconazole or posaconazole prophylaxis.

Please refer to Table 1 of these guidelines for IFI risk groups and to Ascioglu et al.39 for probability-based IFI definitions (‘probable’, ‘possible’, ‘proven).

If NCBRDT are not available within an adequate timeframe (48-h turnaround time), proceed down the relevant arm of the algorithm according to the result

of the HRCT scans only (see double-lined boxes). Note: NCBRDT includes Aspergillus GM-ELISA and Aspergillus PCR assay. These are available in some

Australasian specialist reference laboratories as part of the ASPID clinical trial (see main text for detail) or on a non-trial basis. Positive NCBRDT

result = positive results from Aspergillus GM-ELISA and/or Aspergillus PCR assay, i.e. optical density index of GM �0.5 and/or a band of 236 bp detected

on gel electrophoresis or exponential increase in fluorescence during the first 30 cycles of amplification. Positive HRCT result = presence of lesions

meeting criteria for IFI, e.g. halo sign, nodule, cavitation in area of consolidation. Atypical lesions refer to changes on HRCT not meeting criteria for IFI,

e.g. diffuse infiltrates, non-cavitatory consolidation. *Example: repeat blood cultures, serum/plasma/urine for PCR viral testing, faecal sampling for C.

difficile, ova, cysts, parasites and adenovirus, urine culture, colonic biopsy for CMV or GVHD and other tests as clinically relevant. †If HRCT lesions are focal

or consistent with pulmonary IFI, e.g. halo sign, biopsy is the diagnostic test of choice; if HRCT shows atypical or non-focal pulmonary lesion, e.g. diffuse

infiltrates, bronchoscopy is appropriate. All lesions in the sinuses should be biopsied. ‡Repeat HRCT scans of thorax � sinuses in the following 7–10 days

and NCBRDT a minimum of twice in the following week to capture any evolving breakthrough IFI. AmB-D, conventional amphotericin B; L-FAB, lipid

formulation of amphotericin B; L-AMB, liposomal amphotericin B; BAL, bronchoalveolar lavage; IA, invasive aspergillosis; IFI, invasive fungal infection;

HRCT, high-resolution computed tomography; NCBRDT, non-culture-based rapid diagnostic tests; PCR, polymerase chain reaction.
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always available at all centres and at-risk patients must
leave their protected environment in order to undergo
scanning, can limit the usefulness of HRCT scanning.
Current evidence suggests that HRCT scanning is most
useful when combined with serological and molecular
diagnostic tests to support a pre-emptive approach.18

Serological assays

Galactomannan

Galactomannan (GM), an antigen component of the
Aspergillus cell wall, can be detected in serum and other
bodily fluids of patients with IA. A commercial sandwich
enzyme-linked immunosorbent assay (ELISA) kit (Plate-
lia® Aspergillus ELISA kit, Bio-Rad, Marne-la-Coquette,
France) has a lower limit of detection of 0.5–1.0 ng/mL of
GM in serum and is the most widely used assay.19 A
recent meta-analysis calculated its pooled sensitivity and
specificity for proven and probable IA as 0.61 (95% CI
0.59–0.63) and 0.93 (95% CI 0.92–0.94), respectively.20

The test’s sensitivity is affected by the cut-off value used
to determine positivity (i.e. optical density index), the

concurrent use of mould-active antifungal therapy, the
frequency of testing, the duration of testing in relation to
the at-risk period and whether the patient group is at a
high or low risk of developing an IFI.21,22 Its specificity is
compromised by the concurrent administration of some
antibiotics, e.g. piperacillin-tazobactam.23

A number of clinically important issues around GM
testing still require resolution: the optimal frequency of
testing, the behaviour of the test over time, whether the
test should be performed in patients receiving mould-
active antifungal prophylaxis, the optimal cut-off for
positivity, whether this cut-off should be different for
patients with acute leukaemia versus stem cell transplant
recipients, and a better understanding of the conditions
associated with false-positivity and false-negativity.24

Current opinion suggests that the true clinical value of
this assay will only become apparent when it is incorpo-
rated into a pre-emptive treatment strategy to guide anti-
fungal therapy.

1,3-b-D-glucan

1,3-b-D-glucan is a component of the cell wall of
many fungi. Fungitec-G and Fungitell assays produced
by Seikagaku Kogyo Corporation (Tokyo, Japan) and
Associates of Cape Cod (Falmouth, MA, USA), respec-
tively, are the most widely available assays. Only a
few published studies are available. These studies
report sensitivities of 70–100% and specificities of
76–83.8%.25–27 These assays have been assessed in only a
small number of IA cases25–27 and require further evalu-
ation before being included in a pre-emptive antifungal
treatment strategy.

Nucleic acid assays

Numerous polymerase chain reaction (PCR)-based assays
have been developed for the detection and identification
of Aspergillus species in clinical specimens including whole
blood, bronchoalveolar lavage (BAL) fluid and tissue.
However, current molecular methods are not standard-
ized; many different extraction methods, amplification
targets and amplicon-detection methods are used. Tech-
nical factors can also affect the performance of these
assays. The most sensitive assays use whole blood as
the test specimen, use techniques for high-efficiency
extraction of Aspergillus DNA (e.g. red cell and
white lysis buffers, lyticase, heat-alkali treatment, b-
mercaptoethanol, EDTA), target multicopy genes such as
the rDNA gene complex or mitochondrial DNA and use a
nested PCR or PCR-ELISA format.28 When such tech-
niques are used, sensitivities of 63.6–100% and specifici-
ties of 63.5–100% are reported.29–38 Studies have shown

Table 1 Invasive fungal infection risk groups

Low risk
Peripheral blood stem cell autologous bone marrow

transplant

Childhood acute lymphoblastic leukaemia except for Pneumocystis

jiroveci (P. carinii) pneumonia

Lymphoma

Intermediate risk
Low

Moderate neutropenia 0.1–0.5 ¥ 109/L for <3 weeks, lymphocytes

<0.5 ¥ 109/L + antibiotics, e.g. trimethoprim and sulfamethoxazole

(Septrin®)

Older age

Central venous catheter

High

Colonized >1 site or heavy at one site, neutropenia <0.5 to

>0.1 ¥ 109/L for >3 to <5 weeks

Acute myeloid leukaemia

Total body irradiation

Allogeneic matched sibling donor bone marrow transplant

High risk
Neutrophils <0.1 ¥ 109/L for >3 weeks

Colonized by Candida tropicalis, allogeneic unrelated or mismatched

donor bone marrow transplant

Graft-versus-host disease

Neutropenia <0.5 ¥ 109/L for >5 weeks

Prednisolone >1 mg/kg and neutrophils <1 ¥ 109/L for >1 week

Prednisolone >2 mg/kg for >2 weeks

High-dose cytosine arabinoside (Ara-C)

Fludarabine (uncertain)

Adapted from Prentice et al.48
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Persistent fevers of unknown origin for 96 hours or recurrent fevers of unknown origin after an afebrile 

period of 48 hours despite broad-spectrum antibiotics in a high-risk or intermediate high-risk neutropenic 

patient receiving itraconazole or fluconazole prophylaxis 

Check itraconazole level. Change to empirical L-AMB,  

caspofungin or voriconazole. Perform HRCT of thorax 

± sinuses and NCBRDT 

HRCTs 

and 

NCBRDT 

–ve 

HRCTs 

and 

NCBRDT 

+ve 

HRCTs 

+ve and 

NCBRDT 

–ve 

Atypical 

lesions on 

HRCT and 

NCBRDT –ve 

If itraconazole 

level is 

therapeutic, 

switch back to 

itraconazole. If 

level is sub-

therapeutic, 

change to 

posaconazole as 

prophylaxis. 

Repeat HRCTs 

and NCBRDT.‡ 

If fevers persist 

and HRCTs/ 

NCBRDT remain 

–ve, perform 

other 

investigations*  

Manage 

according to 

results of 

further tests  

Treat for probable IA 

with voriconazole. If 

voriconazole is 

contraindicated, 

previous toxicities or 

azole resistance is 

suspected, use L-

FAB or caspofungin 

Continue on 

chosen empirical 

therapy. Perform 

biopsy or 

bronchoscopy.† 

Consider 

investigating for 

other infectious/ 

non-infectious 

cause 

Manage according 

to results of BAL 

or biopsy and 

other 

investigations 

Change to empirical L-AMB, caspofungin 

or voriconazole. Perform HRCT of 
thorax ± sinuses and NCBRDT 

HRCTs and 

NCBRDT  

–ve 

HRCT +ve or 

atypical lesions +/– 

NCBRDT +ve 

Continue on 

chosen empirical 

therapy. Repeat 

HRCTs and 

NCBRDT.‡ If 

fevers persist and 

HRCTs/NCBRDT 

remain –ve, 

perform other 

investigations* 

Manage according 

to results of 

further tests. 

Change to 

posaconazole for 

prophylaxis if no 

IFI diagnosed 

Treat for probable or 

possible IA with 

voriconazole. If 

voriconazole is 

contraindicated, 

previous toxicities or 

azole resistance is 

suspected, use L-

FAB or caspofungin. 

Repeat HRCTs in 14 

days and perform 

biopsy +/– 

bronchoscopy if 

lesion(s) increased 

Itraconazole prophylaxis Fluconazole prophylaxis 

Treat for possible IA with 

voriconazole. If 

voriconazole is 

contraindicated, previous 

toxicities or azole 

resistance is suspected, 

use L-FAB or 

caspofungin. Repeat 

HRCTs in 14 days and 

perform biopsy +/– 

bronchoscopy if lesion(s) 

increased in size† 

Figure 2 Algorithm for management of high-risk or intermediate high-risk neutropenic patients receiving itraconazole or fluconazole prophylaxis. Please

refer to Table 1 of these guidelines for IFI risk groups and to Ascioglu et al.39 for probability-based IFI definitions (‘probable’, ‘possible’, ‘proven’). If NCBRDT

are not available within an adequate timeframe (48-h turnaround time), proceed down the relevant arm of the algorithm according to the result of the

HRCT scans only (see double-lined boxes). Note: NCBRDT includes or Aspergillus GM-ELISA and/or Aspergillus PCR assay. These are available in some

Australasian specialist reference laboratories as part of the ASPID clinical trial (see main text for detail) or on a non-trial basis. Positive NCBRDT

result = positive results from Aspergillus GM-ELISA and Aspergillus PCR assay, i.e. optical density index of GM �0.5 and/or a band of 236 bp detected on

gel electrophoresis or exponential increase in fluorescence during the first 30 cycles of amplification. Positive HRCT result = presence of lesions meeting

criteria for IFI, e.g. halo sign, nodule, cavitation in area of consolidation. Atypical lesions refer to changes on HRCT not meeting criteria for IFI, e.g. diffuse

infiltrates, non-cavitatory consolidation. *Example: repeat blood cultures, serum/plasma/urine for PCR viral testing, faecal sampling for C. difficile, ova,

cysts, parasites and adenovirus, urine culture, colonic biopsy for CMV or GVHD and other tests as clinically relevant. †If HRCT lesions are focal or

consistent with pulmonary IFI, e.g. halo sign, biopsy is the diagnostic test of choice; if HRCT shows atypical or non-focal pulmonary lesion, e.g. diffuse

infiltrates, bronchoscopy is appropriate. All lesions in the sinuses should be biopsied. ‡Repeat HRCT scans of thorax � sinuses in the following 7–10 days

and NCBRDT a minimum of twice in the following week to capture any evolving breakthrough IFI. AmB-D, conventional amphotericin B; L-FAB, lipid

formulation of amphotericin B; L-AMB, liposomal amphotericin B; BAL, bronchoalveolar lavage; IA, invasive aspergillosis; IFI, invasive fungal infection;

HRCT, high-resolution computed tomography; NCBRDT, non-culture-based rapid diagnostic tests; PCR, polymerase chain reaction.
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Persistent fevers of unknown origin for 96 hours or recurrent fevers of unknown origin after an afebrile 

period of 48 hours despite broad-spectrum antibiotics in a low-risk or intermediate low-risk neutropenic 

patient receiving fluconazole or no prophylaxis 

Change to or start empirical AmB-D. Use L- AMB, 

caspofungin or voriconazole if high risk of adverse 

reaction to AmB-D. Perform HRCT of thorax and 

abdomen ± sinuses and NCBRDT 

HRCTs 

and 

NCBRDT 

–ve 

HRCTs 

and 

NCBRDT 

+ve 

HRCTs 

+ve and 

NCBRDT 

–ve 

Atypical 

lesions on 

HRCT and 

NCBRDT –ve 

Continue on 

chosen empirical 

therapy. Repeat 

HRCTs and 

NCBRDT.‡ If 

HRCTs/ 

NCBRDT remain 

–ve, perform 

other 

investigations*  

Manage 

according to 

results of 

further tests. 

Change to 

mould-active 

azole, e.g. 

itraconazole or 

posaconazole, if 

no IFI 

diagnosed 

Treat for probable IA 

with voriconazole. If 

voriconazole is 

contraindicated, 

previous toxicities or 

azole resistance is 

suspected, use L-

FAB or caspofungin 

Continue on 

chosen empirical 

therapy. Perform 

biopsy or 

bronchoscopy.† 

Consider 

investigating for 

other infectious/ 

non-infectious 

cause 

Manage according 

to results of BAL 

or biopsy and 

other 

investigations 

Hepatic 

+/– splenic 

lesions on 

HRCT  

Manage according 

to results of 

biopsy 

Treat for possible 

IA with 

voriconazole. If 

voriconazole is 

contraindicated, 

previous toxicities 

or azole resistance 

is suspected, use 

L-FAB or 

caspofungin. 

Repeat HRCTS in 

14 days and 

perform biopsy 

+/– bronchoscopy 

if lesion(s) 

increased in size† 

Biopsy lesion(s) 

and change to L-

FAB 

Figure 3 Algorithm for management of high-risk or intermediate high-risk neutropenic patients receiving fluconazole or no prophylaxis. Please refer to

Table 1 of these guidelines for IFI risk groups and to Ascioglu et al.39 for probability-based IFI definitions (‘probable’, ‘possible’, ‘proven’). If NCBRDT are

not available within an adequate timeframe (48-h turnaround time), proceed down the relevant arm of the algorithm according to the result of the HRCT

scans only (see double-lined boxes). Note: NCBRDT includes Aspergillus GM-ELISA and/or Aspergillus PCR assay. These are available in some Australasian

specialist reference laboratories as part of the ASPID clinical trial (see main text for detail) or on a non-trial basis. Positive NCBRDT result = positive results

from Aspergillus GM-ELISA and Aspergillus PCR assay, i.e. optical density index of GM �0.5 and/or a band of 236 bp detected on gel electrophoresis or

exponential increase in fluorescence during the first 30 cycles of amplification. Positive HRCT result = presence of lesions meeting criteria for IFI, e.g. halo

sign, nodule, cavitation in area of consolidation. Atypical lesions refer to changes on HRCT not meeting criteria for IFI, e.g. diffuse infiltrates, non-

cavitatory consolidation. *Example: repeat blood cultures, serum/plasma/urine for PCR viral testing, faecal sampling for C. difficile, ova, cysts, parasites

and adenovirus, urine culture, colonic biopsy for CMV or GVHD and other tests as clinically relevant. †If HRCT lesions are focal or consistent with

pulmonary IFI, e.g. halo sign, biopsy is the diagnostic test of choice; if HRCT shows atypical or non-focal pulmonary lesion, e.g. diffuse infiltrates,

bronchoscopy is appropriate. All lesions in the sinuses should be biopsied. ‡Repeat HRCT scans of thorax � sinuses in the following 7–10 days and

NCBRDT a minimum of twice in the following week to capture any evolving breakthrough IFI. AmB-D, conventional amphotericin B; L-FAB, lipid formulation

of amphotericin B; L-AMB, liposomal amphotericin B; BAL, bronchoalveolar lavage; IA, invasive aspergillosis; IFI, invasive fungal infection; HRCT, high-

resolution computed tomography; NCBRDT, non-culture-based rapid diagnostic tests; PCR, polymerase chain reaction.
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that PCR assays can detect Aspergillus DNA in the whole
blood of patients on average 5–19.5 days before clinical
signs or radiological findings are present or cultures are
positive, and a median of 8–19.5 days prior to the initiation
of antifungal therapy in 67% of patients.29,31–33,35–38 As no
commercial standardized PCR-based assay is currently
available, PCR is not widely used as a diagnostic modality
and is not currently included in standard diagnostic crite-
ria.39 A list of other pertinent studies, which evaluate
PCR-based assays in detail, is available in Appendix III (see
electronic appendix).

Incorporating new diagnostic tests into
a pre-emptive treatment strategy

The potential impact of a pre-emptive treatment strategy
has been explored in a number of studies, including
the partially completed ASPID trial (see http://www.
clinicaltrials.gov for details of this trial: Slavin et al. A
multicentre randomized controlled trial comparing two
strategies for the diagnosis of IA in high-risk haematology
patients).18,40–42 Please refer to Appendix II, Table A2 for a
detailed summary of these studies. Collectively, these
studies provide enough evidence to recommend that cli-
nicians incorporate HRCT scans and consider, including
Aspergillus GM and Aspergillus PCR assays in management
algorithms for patients with PFUO (level III-2 evidence,
grade B recommendation); see Figures 1–3.

Recommendations for the use of
antifungal therapy in the setting
of PFUO

Recommendations for the use of antifungal therapy
in patients with persistent fever of unknown origin
(PFUO) are summarized in Figures 1–3. These recom-
mendations take into account current efficacy data, local
fungal epidemiology, the antifungal drugs currently
available and approved for use in Australasia, patient risk
category, the toxicity profile of the different antifungal
agents as well as the risks and consequences of develop-
ing toxicities in the various subgroups (refer to the
section of the guidelines by Worth et al. on p. 521 for
more details), the spectrum of activity of the various
antifungal agents, the availability of HRCT scans and
non-culture-based rapid diagnostic tests (NCBRDT), the
agent previously used for antifungal prophylaxis, the
degree and site of any organ dysfunction, drug–drug
interactions (refer to Worth et al. on p. 521), and the cost
of the various antifungal agents.

The clinical pathways presented in Figures 1–3 reflect
the paradigm shift that has occurred following the

introduction of mould-active prophylaxis and the wider
availability of better diagnostic tests, i.e. the shift away
from the automatic administration of EAFT alone for
PFUO to a pre-emptive treatment strategy that modifies
antifungal prophylaxis according to pre-specified criteria
such as clinical features, specific radiological abnormali-
ties and/or positive NCBRDT results.

As emphasized by Slavin et al. already in these guide-
lines, the choice of prophylactic agent is primarily depen-
dent on the patient’s risk of developing an IFI. In turn,
the chosen prophylactic agent will determine the choice
of any downstream antifungal therapy. These two factors
are central to the pathways we present. The algorithms
do not cover every clinical scenario and for some clinical
scenarios, evidence is limited. Thus, complex, critically ill
patients should be investigated and managed in consul-
tation with your institution’s Infectious Diseases Consult
Service.

The rationale for the use of NCBRDT in the algorithms,
the choice of lipid formulation of amphotericin B (L-FAB)
for empirical vs. treatment of proven or probable IFI and
the recommendations for a biopsy vs. a bronchoscopy is
available in Appendix I (see electronic appendix).

It is beyond the scope of this article to provide an
explanation of each box in the algorithms (figures 1–3);
rather below we provide summary explanatory notes as
to the differential diagnoses that need to be considered,
investigations that need to be performed to establish a
microbiological diagnosis and antifungal agents (if any)
that need to be administered for the more complex clini-
cal scenarios.

Conclusions

The use of broad-spectrum mould-active antifungal pro-
phylaxis and radiological, serological and molecular
markers as diagnostic adjuncts has led to the develop-
ment of new clinical pathways for the management of
persistent or recurrent fevers in neutropenic patients.
However, there is still not enough evidence to fully
embrace pre-emptive strategies. The clinical pathways
presented herein aim to be practical and clinically rel-
evant. As such, they reflect the need for clinicians to (i)
move away from using fever alone as a trigger to alter a
patient’s antifungal therapy and (ii) to proceed with
caution when using NCBRDT results to guide therapy. It
is our intention to prospectively validate these pathways
as part of our ongoing evaluation of the clinical utility
of these guidelines. This clinical area is significant for
the rapidity with which new data accumulate. Thus, we
anticipate that the algorithms will need to be revised in
the next few years.
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Overview of components of algorithms
(Figs 1–3)

Figure 1 Persistent or recurrent fevers of unknown
origin (PFUO) in a patient receiving voriconazole or
posaconazole prophylaxis and of high- to
intermediate-high risk of developing an invasive
fungal infection (IFI)

First, determine if the patient is clinically well or unwell
(i.e. hypoxic, dyspnoeic, hypotensive, presence of
markers of septicaemia, cough, haemoptysis, pleuritic
chest pain, etc). PFUO in a clinically well patient receiv-
ing voriconazole or posaconazole prophylaxis are more
likely to have a non-fungal aetiology, while the likeli-
hood of breakthrough azole-resistant Aspergillus infection
or other azole-resistant IFI is increased in those who
are clinically unwell.43,44 We recommend continuing
voriconazole or posaconazole prophylaxis in clinically
well patients and changing clinically unwell patients
to a lipid formulation of amphotericin B. Subsequent
to this, both groups should be investigated with a
HRCT scan of thorax � sinuses and non-culture based
rapid diagnostic tests (NCBRDT) (level IV; grade C rec-
ommendation). The results of these tests will produce a
number of clinical scenarios, which will determine any
further downstream management.

Clinically well patients

1.1. Normal HRCT scans of thorax � sinuses and
negative NCBRDT

While voriconazole or posaconazole may decrease the
sensitivity of NCBRDT,21,45 the combination of negative
NCBRDT with a normal HRCT scan suggests that an IFI
is highly unlikely and that a non-fungal infection or
non-infectious pathology is a more likely cause of the
PFUO. In this clinical scenario we recommend (grade C
recommendation):
1. Continuing the patient on voriconazole or posacona-
zole prophylaxis
2. Checking voriconazole or posaconazole levels to
ensure they are therapeutic and adjusting the dose
accordingly if not in the therapeutic range to minimize
the risk of future breakthrough IFI or toxicity, e.g. drug
fever
3. Repeating the HRCT scans of thorax � sinuses in the
following 7–10 days and NCBRDT a minimum of twice in
the following week to capture any evolving break-
through IFI
4. Investigating for another infectious cause (e.g. viral,
parasitic or nosocomial bacterial) or non-infectious cause
(e.g. graft-versus-host disease (GVHD)) of PFUO.

1.2. Lesions on HRCT scans of thorax � sinuses
consistent with an IFI and NCBRDT positive

In this scenario the differential diagnoses include:
1.2.1 Sub-therapeutic plasma azole levels
1.2.2 The presence of an Aspergillus isolate that has
become resistant to azoles
1.2.3 Poor penetration of a necrotic mass of Aspergillus
infection
1.2.4 Co-infection with another fungus (e.g.
Zygomycetes).
To determine which is responsible, we recommend:
1. Checking voriconazole or posaconazole levels before
changing to a lipid formulation of amphotericin B
2. Changing to a lipid formulation of amphotericin B
while determining the cause
3. Performing a biopsy, if possible (preferable). We rec-
ommend an open lung biopsy (either thoracotomy or
video-assisted), as the ability to obtain a larger volume of
tissue will maximize the chance of a microbiological/
histological diagnosis (see Appendix I for discussion of
the choice of biopsy versus bronchoscopy).

If drug levels are sub-therapeutic, change to a higher
dose of voriconazole or posaconazole. If ongoing sub-
therapeutic levels are predicted (e.g. GVHD of the
gastro-intestinal tract) or ongoing monitoring of levels
is likely to be difficult (e.g. drug levels are performed
off-site), continue on a lipid formulation of amphoteri-
cin B (5 mg/kg), i.e. L-AMB or ABLC; see Appendix I
for discussion of the choice lipid formulation of
amphotericin.

If an azole-resistant Aspergillus isolate or other resis-
tant mould (e.g. Zygomycetes) is identified, continue
L-AMB or ABLC at 5 mg/kg (see the section of the
guidelines by Thursky et al. on p. 493 for additional
treatment recommendations). If a mass of necrotic
tissue is detected, resection (especially when a single
lesion is present) plus L-AMB is recommended (level
III-2, grade C recommendation).

1.3. Lesions on HRCT scans of thorax � sinuses
consistent with an IFI and NCBRDT negative

The likely cause of this clinical scenario includes those
outlined in 1.2.1–1.2.4 with false negative NCBRDT
results but may also include:
1.3.1 A non-fungal infection
1.3.2 A non-infectious pathology
To determine which is responsible, we recommend:
1. Checking voriconazole or posaconazole levels. If drug
levels are sub-therapeutic, change to a higher dose. If
ongoing sub-therapeutic levels are predicted (e.g. GVHD
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of the gastrointestinal tract) or ongoing monitoring of
levels is likely to be difficult (e.g. drug levels are per-
formed off-site), change to a lipid formulation of ampho-
tericin B (5 mg/kg), i.e. L-AMB or ABLC; see Appendix I
(electronic appendix) for discussion of the choice lipid
formulation of amphotericn.
2. Continuing voriconazole or posaconazole prophylaxis
or changing to a lipid formulation of amphotericin B
while determining the cause. Your choice will depend on
how quickly drug levels can be obtained, how quickly
a biopsy can be performed, the number and size of
the lesions on the HRCT scan and the presence of
other factors that increase the probability of an IFI (e.g.
co-existent cytomegalovirus (CMV) disease, grade 3–4
GVHD requiring treatment with multiple immunosup-
pressants including high-dose corticosteroids).
3. Performing a biopsy, if possible (preferable). We rec-
ommend an open lung biopsy (either thoracotomy or
video-assisted), as the ability to obtain a larger volume of
tissue will maximize the chance of a microbiological/
histological diagnosis (see Appendix I (electronic appen-
dix) for discussion of the choice of biopsy versus
bronchoscopy). The result of the biopsy will determine
further treatment, e.g. treat an azole-resistant Aspergillus
isolate or other resistant mould (e.g. Zygomycetes)
with L-AMB or ABLC (5 mg/kg); treat Pseudomonas
infection with antibiotics according to sensitivity
profile; treat GVHD with corticosteroids and other
immunosuppressants (Level III-3 evidence; grade C
recommendation).
4. Investigating for a non-fungal infectious cause (e.g.
viral or nosocomial bacterial) or non-infectious cause
(e.g. GVHD) as necessary.

1.4. Atypical lesions on HRCT scan and NCBRDT
negative

While the causes outlined in 1.2.1–1.2.4 may cause this
clinical scenario, those outlined in 1.3.1–1.3.2 are more
likely. To determine which is responsible, we recommend:
1. Continuing voriconazole or posaconazole
2. Checking voriconazole or posaconazole levels and
adjusting the dose as required
3. Performing an open lung biopsy (if focal lesion) or
bronchoscopy (if diffuse infiltrates)
4. Investigating for a non-fungal infectious cause (e.g.
viral or nosocomial bacterial) or non-infectious cause
(e.g. GVHD) as necessary.

Clinically unwell patients

For clinically unwell patients with PFUO receiving vori-
conazole or posaconazole prophylaxis, we recommend:

1. Checking voriconazole or posaconazole levels
2. Changing to L-AMB or ABLC
3. Performing a HRCT scan of thorax � sinuses and
NCBRDT (level III-3, grade C recommendation).

The results of these tests will produce a number of
clinical scenarios, which will determine any further
downstream management (see 1.5 and 1.6 below).

1.5. Normal HRCT scans of thorax � sinuses and
negative NCBRDT in a clinically unwell patient

While voriconazole or posaconazole may decrease the
sensitivity of NCBRDT,21,45 the combination of negative
NCBRDT with a normal HRCT scan makes an IFI highly
unlikely and a non-fungal infection or a non-infectious
pathology more likely. In this clinical scenario, we
recommend continuing L-AMB or ABLC while deter-
mining the cause and following recommendations (3)
and (4) in section 1.1 above. If no IFI is diagnosed,
switch back to voriconazole or posaconazole; use the
same dose if drug levels were therapeutic or adjust
accordingly.

1.6. Any abnormalities on HRCT scan of
thorax � sinuses and/or NCBRDT tests are positive
in a clinically unwell patient

Any abnormality on NCBRDT or HRCT scans needs more
thorough investigation in patients who are clinically
unwell. Causes include those outlined in 1.2.1–1.2.4 and
1.3.1–1.3.2. To determine which is responsible, we
recommend:
1. Continuing L-AMB or ABLC while determining the
cause
2. Performing an open lung biopsy (if focal lesion) or
bronchoscopy (if diffuse infiltrates)

Figure 2 Persistent or recurrent fevers of unknown
origin (PFUO) in a patient receiving itraconazole or
fluconazole prophylaxis and of high- to
intermediate-high risk of developing an invasive
fungal infection (IFI)

Compared with voriconazole or posaconazole, itracona-
zole prophylaxis has the disadvantage of poorer bioavail-
ability and a narrower spectrum of antifungal activity.
Thus, the likelihood of breakthrough invasive aspergillo-
sis (IA) or other IFI is increased on itraconazole pro-
phylaxis. As a result, patients with PFUO receiving
itraconazole prophylaxis should be treated empirically
with L-AMB (see Appendix I (electronic appendix) for
discussion of the choice lipid formulation of amphoteri-
cin), caspofungin or voriconazole while being investi-
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gated with a HRCT scan of thorax � sinuses and
NCBRDT and itraconazole levels. The results of these
tests will produce a number of clinical scenarios that will
determine any further downstream management.

2.1. Normal HRCT scans of thorax � sinuses and
negative NCBRDT

While itraconazole may decrease the sensitivity of
NCBRDT,21,45 the combination of negative NCBRDT with
a normal HRCT scan makes a diagnosis of an IFI highly
unlikely. If itraconazole levels are therapeutic then it is
recommended to switch back to itraconazole prophylaxis.
If itraconazole levels are sub-therapeutic then a change to
posaconazole as prophylaxis is recommended. Further
management is the same as that recommended in (3) and
(4) of section 1.1.

2.2. Atypical lesions on HRCT scan and NCBRDT
negative

The causes for this clinical scenario include:
2.2.1 Breakthrough IA
2.2.2 Breakthrough infection with a non-Aspergillus
mould
2.2.3 Sub-therapeutic levels of itraconazole
2.2.4 Non-fungal infection
2.2.5 Non-infectious pathology
To determine which is responsible, we recommend:
1. Continuing on chosen EAFT while determining the
cause
2. Performing an open lung biosy (if focal lesion) or
bronchoscopy (if diffuse infiltrates)
3. Investigating for another infectious cause (e.g. viral,
parasitic or nosocomial bacterial) and for a non-infectious
cause (e.g. GVHD).

Because fluconazole has no anti-mould activity, PFUO
in the setting of broad-spectrum antibiotics in a high-risk
or intermediate-high risk patient may be indicative of IA
or other invasive mould infection. As a result a patient
should be treated empirically with L-AMB (see Appen-
dix I (electronic appendix) for discussion of the choice
lipid formulation of amphotericin), caspofungin or vori-
conazole while being investigated with HRCT scan of
thorax � sinuses and NCBRDT. The results of these tests
will produce a number of clinical scenarios that will
determine any further downstream management.

2.3. Normal HRCT scans of thorax � sinuses and
negative NCBRDT

Fluconazole does not decrease the sensitivity of NCBRDT
(level I evidence).20 Thus, these results have a high nega-

tive predictive value and breakthrough IA or other IFI is
very unlikely. Further management is the same as that
recommended in points (3) and (4) in section 1.1 above.
However, if the HRCT scan and NCBRDT results remain
serially negative then consider switching the patient to
itraconazole or posaconazole prophylaxis.

Figure 3 Persistent or recurrent fevers of unknown
origin (PFUO) in a patient on fluconazole or no
prophylaxis and of low- to intermediate-low risk
of developing an invasive fungal infection (IFI)

While these patient groups are at low risk of developing
a mould infection, they still have a substantial risk of
developing candidaemia or invasive candidiasis (IC).46

Thus, the empirical use of an antifungal agent while
investigating the cause of PFUO is recommended (level II
evidence, grade B recommendation). A patient in this
category should be treated empirically with AmB-D. If
they are at high risk of an adverse reaction to AmB-D,
treat with L-AMB (see Appendix I (electronic appendix)
for discussion of the choice lipid formulation of ampho-
tericin), caspofungin or voriconazole while undergoing a
HRCT scan of thorax � sinuses, CT scan of abdomen (for
IC) and NCBRDT. The results of these tests will produce
a number of clinical scenarios that will determine any
further downstream management.

3.1. Hepatic � splenic lesions on HRCT
scan of abdomen

The radiological appearance of hepatosplenic candidiasis
is characteristic.47 A core biopsy is recommended in order
to obtain a large enough sample and maximize the
chance of a microbiological/histological diagnosis (level
IV, grade C recommendation).

Please refer to sections 2.1–2.3 for the differential diag-
noses and recommended investigations for the remaining
clinical scenarios presented in Figure 3.

References

1 Bodey GP. Fungal infection and fever of unknown origin

in neutropenic patients. Am J Med 1986; 80: 112–9.

2 Aisner J, Wiernik PH, Schimpff SC. Treatment of invasive

aspergillosis: relation of early diagnosis and treatment to

response. Ann Intern Med 1977; 86: 539–43.

3 Holleran WM, Wilbur JR, DeGregorio MW. Empiric

amphotericin B therapy in patients with acute leukemia.

Rev Infect Dis 1985; 7: 619–24.

4 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: 101–11.

Morrissey et al.

© 2008 The Authors
Journal compilation © 2008 Royal Australasian College of Physicians486



5 EORTC International Antimicrobial Therapy Cooperative

Group. Empiric antifungal therapy in febrile

granulocytopenic patients. Am J Med 1989; 86:

668–72.

6 Bennett JE, Powers J, Walsh T, Viscoli C, de Pauw B,

Dismukes W et al. Forum report: issues in clinical

trials of empirical antifungal therapy in treating febrile

neutropenic patients. Clin Infect Dis 2003; 36:

S117–22.

7 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:

764–71.

8 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: 282–9.

9 Wingard JR, White MH, Anaissie E, Raffalli J,

Goodman J, Arrieta A. A randomized, double-blind

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:

1155–63.

10 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:

412–22.

11 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: 225–34.

12 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: 1391–402.

13 de Pauw BE, Sable CA, Walsh TJ, Lupinacci RJ,

Bourque MR, Wise BA et al. Impact of alternate

definitions of fever resolution on the composite endpoint

in clinical trials of empirical antifungal therapy for

neutropenic patients with persistent fever: analysis of

results from the Caspofungin Empirical Therapy Study.

Transpl Infect Dis 2006; 8: 31–7.

14 von Eiff M, Roos N, Schulten R, Hesse M, Zuhlsdorf M,

van de Loo J. Pulmonary aspergillosis: early diagnosis

improves survival. Respiration 1995; 62: 341–7.

15 Kuhlman JE, Fishman EK, Burch PA, Karp JE,

Zerhouni EA, Siegelman SS. Invasive pulmonary

aspergillosis in acute leukemia. The contribution of CT to

early diagnosis and aggressive management. Chest 1987;

92: 95–9.

16 Caillot D, Casasnovas O, Bernard A, Couaillier JF,

Durand C, Cuisenier B et al. Improved management of

invasive pulmonary aspergillosis in neutropenic patients

using early thoracic computed tomographic scan and

surgery. J Clin Oncol 1997; 15: 139–47.

17 Hauggaard A, Ellis M, Ekelund L. Early chest

radiography and CT in the diagnosis, management and

outcome of invasive pulmonary aspergillosis. Acta Radiol

2002; 43: 292–8.

18 Maertens J, Theunissen K, Verhoef G, Verschakelen J,

Lagrou K, Verbeken E et al. Galactomannan and

computed tomography-based preemptive antifungal

therapy in neutropenic patients at high risk for invasive

fungal infection: a prospective feasibility study. Clin Infect

Dis 2005; 41: 1242–50.

19 Stynen D, Goris A, Sarfati J, Latge JP. A new sensitive

sandwich enzyme-linked immunosorbent assay to detect

galactofuran in patients with invasive aspergillosis. J Clin

Microbiol 1995; 33: 497–500.

20 Pfeiffer CD, Fine JP, Safdar N. Diagnosis of invasive

aspergillosis using a galactomannan assay: a

meta-analysis. Clin Infect Dis 2006; 42: 1417–27.

21 Marr KA, Laverdiere M, Gugel A, Leisenring W.

Antifungal therapy decreases sensitivity of the

Aspergillus galactomannan enzyme immunoassay. Clin

Infect Dis 2005; 40: 1762–9.

22 Marr KA, Leisenring W. Design issues in studies

evaluating diagnostic tests for aspergillosis. Clin Infect Dis

2005; 41 Suppl 6: S381–6.

23 Viscoli C, Machetti M, Cappellano P, Bucci B, Bruzzi P,

Van Lint MT et al. False-positive galactomannan

platelia Aspergillus test results for patients receiving

piperacillin-tazobactam. Clin Infect Dis 2004; 38:

913–6.

24 Maertens J, Deeren D, Dierickx D, Theunissen K.

Preemptive antifungal therapy: still a way to go. Curr

Opin Infect Dis 2006; 19: 551–6.

25 Odabasi Z, Mattiuzzi G, Estey E, Kantarjian H, Saeki F,

Ridge RJ et al. Beta-D-glucan as a diagnostic adjunct

for invasive fungal infections: validation, cutoff

development, and performance in patients with acute

myelogenous leukemia and myelodysplastic syndrome.

Clin Infect Dis 2004; 39: 199–205.

26 Obayashi T, Yoshida M, Mori T, Goto H, Yasuoka A,

Iwasaki H et al. Plasma (1→3)-beta-D-glucan

measurement in diagnosis of invasive deep mycosis and

fungal febrile episodes. Lancet 1995; 345: 17–20.

27 Ostrosky-Zeichner L, Alexander BD, Kett DH, Vazquez J,

Pappas PG, Saeki F et al. Multicenter clinical evaluation

of the (1→3) beta-D-glucan assay as an aid to diagnosis

Persistant fevers of unknown origin

© 2008 The Authors
Journal compilation © 2008 Royal Australasian College of Physicians 487



of fungal infections in humans. Clin Infect Dis 2005; 41:

654–9.

28 Hope WW, Walsh TJ, Denning DW. Laboratory

diagnosis of invasive aspergillosis. Lancet Infect Dis 2005;

5: 609–22.

29 Einsele H, Hebart H, Roller G, Loffler J, Rothenhofer I,

Muller CA et al. Detection and identification of fungal

pathogens in blood by using molecular probes. J Clin

Microbiol 1997; 35: 1353–60.

30 Skladny H, Buchheidt D, Baust C, Krieg-Schneider F,

Seifarth W, Leib-Mosch C et al. Specific detection of

Aspergillus species in blood and bronchoalveolar lavage

samples of immunocompromised patients by two-step

PCR. J Clin Microbiol 1999; 37: 3865–71.

31 Hebart H, Loffler J, Meisner C, Serey F, Schmidt D,

Bohme A et al. Early detection of aspergillus infection

after allogeneic stem cell transplantation by

polymerase chain reaction screening. J Infect Dis 2000;

181: 1713–9.

32 Lass-Florl C, Aigner J, Gunsilius E, Petzer A,

Nachbaur D, Gastl G et al. Screening for Aspergillus spp.

using polymerase chain reaction of whole blood samples

from patients with haematological malignancies. Br J

Haematol 2001; 113: 180–4.

33 Williamson EC, Leeming JP, Palmer HM, Steward CG,

Warnock D, Marks DI et al. Diagnosis of invasive

aspergillosis in bone marrow transplant recipients by

polymerase chain reaction. Br J Haematol 2000; 108:

132–9.

34 Buchheidt D, Baust C, Skladny H, Ritter J, Suedhoff T,

Baldus M et al. Detection of Aspergillus species in blood

and bronchoalveolar lavage samples from

immunocompromised patients by means of 2-step

polymerase chain reaction: clinical results. Clin Infect Dis

2001; 33: 428–35.

35 Jordanides NE, Allan EK, McLintock LA, Copland M,

Devaney M, Stewart K et al. A prospective study of

real-time panfungal PCR for the early diagnosis of

invasive fungal infection in haemato-oncology patients.

Bone Marrow Transpl 2005; 35: 389–95.

36 Halliday C, Hoile R, Sorrell T, James G, Yadav S, Shaw P

et al. Role of prospective screening of blood for invasive

aspergillosis by polymerase chain reaction in febrile

neutropenic recipients of haematopoietic stem cell

transplants and patients with acute leukaemia. Br J

Haematol 2006; 132: 478–86.

37 Florent M, Katsahian S, Vekhoff A, Levy V, Rio B,

Marie JP et al. Prospective evaluation of a polymerase

chain reaction-ELISA targeted to Aspergillus fumigatus

and Aspergillus flavus for the early diagnosis of invasive

aspergillosis in patients with hematological malignancies.

J Infect Dis 2006; 193: 741–7.

38 White PL, Linton CJ, Perry MD, Johnson EM,

Barnes RA. The evolution and evaluation of a whole

blood polymerase chain reaction assay for the detection

of invasive aspergillosis in hematology patients in a

routine clinical setting. Clin Infect Dis 2006; 42:

479–86.

39 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: 7–14.

40 Hebart H, Klingspor L, Klingebiehl T, Loeffler J,

Tollemar J, Ljungman P et al. PCR-based liposomal

amphotericin B treatment following allogeneic stem cell

transplantation is a safe treatment strategy: preliminary

results from a prospective study. Blood (ASH Annual

Meeting Abstracts) 2004; 104: 192.

41 Cordonnier C, Pautas C, Maury S, Vekhoff A, Farhart H,

Suarez F, et al. Empirical versus Pre-emptive Antifungal

Therapy in High-risk Febrile Neutropenic Patients: A

Prospective Randomised Study. 46th American

Society of Haematology Annual Scientific Meeting,

Orlando, Florida, USA, 2006 Dec 8–12, Abstract 2019.

42 Barnes RA, White L, Bygrave C, Kell J. Impact of

Enhanced Diagnosis of Invasive Fungal Infection in

High-risk Haematology Patients. 47th Annual

Interscience Conference on Antimicrobial Agents and

Chemotherapy, Chicago, Illinois, USA, 2007 Sept 17–20,

Abstract M-569.

43 Jantunen E, Piilonen A, Volin L, Parkkali T,

Koukila-Kahkola P, Ruutu T et al. Diagnostic aspects of

invasive Aspergillus infections in allogeneic BMT

recipients. Bone Marrow Transpl 2000; 25:

867–71.

44 Segal BH, Almyroudis NG, Battiwalla M, Herbrecht R,

Perfect JR, Walsh TJ et al. Prevention and early

treatment of invasive fungal infection in patients with

cancer and neutropenia and in stem cell transplant

recipients in the era of newer broad-spectrum antifungal

agents and diagnostic adjuncts. Clin Infect Dis 2007; 44:

402–9.

45 Buchheidt D, Hummel M, Schleiermacher D, Spiess B,

Schwerdtfeger R, Cornely OA et al. Prospective clinical

evaluation of a LightCycler-mediated polymerase chain

reaction assay, a nested-PCR assay and a galactomannan

enzyme-linked immunosorbent assay for detection of

invasive aspergillosis in neutropenic cancer patients and

haematological stem cell transplant recipients. Br J

Haematol 2004; 125: 196–202.

46 Martino R, Viscoli C. Empirical antifungal therapy in

patients with neutropenia and persistent or recurrent

fever of unknown origin. Br J Haematol 2006; 132:

138–54.

47 Halkic N, Ksontini R. Images in clinical medicine.

Hepatosplenic candidiasis. N Engl J Med 2007; 356: e4.

48 Prentice HG, Kibbler CC, Prentice AG. Towards a

targeted, risk-based, anti-fungal strategy in neutropenic

patients. Br J Haemotol 2000; 110: 273–84.

Morrissey et al.

© 2008 The Authors
Journal compilation © 2008 Royal Australasian College of Physicians488



Appendix I

Rationale for the complex components
of the algorithms

1. Non-culture-based rapid diagnostic test
(NCBRDT) – should we include Aspergillus
galactomannan enzyme-linked immunosorbent
assay (GM ELISA) or Aspergillus polymerase chain
reaction (PCR) assays in guidelines for the
management of persistent or recurrent fevers of
unknown origin (PFUO)?

There has been much discussion during the formulation
of these guidelines about whether we should include
non-culture-based rapid diagnostic tests (i.e. Aspergillus
GM-ELISA and Aspergillus PCR assays) in the algorithms
presented in Figures 1–3. Table A2 in this appendix pro-
vides level III-2 evidence (grade B recommendation) that
these assays have value in the diagnosis or exclusion
of invasive aspergillosis (IA) and the subsequent thera-
peutic decision-making process. Slavin et al. are currently
conducting a randomized controlled trial (RCT) (Diag-
nosing IA in high-risk haematology patients – the ASPID
trial; see http://www. clinicaltrials.gov for details) in Aus-
tralasia to determine if stronger evidence can be provided
for the utility of these assays in improving IA-related
morbidity and other mortality outcomes. While we
understand that recommending the use of these assays in
these guidelines may slow recruitment to the trial,
excluding these assays from the current guidelines would
fail to recognize that many clinicians are using these
assays outside the ASPID trial and that there is a need to
provide expert recommendations on the interpretation of
these assays. The inclusion of these assays in the algo-
rithms (Figures 1–3) also provides an additional research
avenue by which we can examine the utility of these
assays while fulfilling the aim of these guidelines, i.e. to
provide a general framework for best practice. Evidence is
evolving at such a pace that the omission of NCBRDT
from the algorithms would render them obsolete by the
time of publication. Thus, a consensus decision was
reached to include NCBRDT in the management algo-
rithms we present for PFUO.

To reflect the fact that NCBRDT have not been fully
evaluated, we recommend that NCBRDT results be con-
sidered in conjunction with the results of high-resolution
computed tomography (HRCT) scans. For this reason,
NCBRDT results alone do not drive management in any
of the treatment arms presented in the algorithms (e.g.
we do not include an arm for positive NCBRDT results
and negative HRCT scans).

We also recognize that some centres do not have access
to NCBRDT within an adequate timeframe to allow

appropriate therapeutic decision making. In these cir-
cumstances, we recommend clinicians use HRCT scans
in conjunction with clinical signs and symptoms, type of
antifungal prophylaxis, and a patient’s risk of developing
an invasive fungal infection (IFI), to determine which
arm of the respective algorithm should be followed to
investigate and manage PFUO. The algorithms have been
developed so that the results of HRCT scans can be readily
used with or without NCBRDT.

2. Which lipid formulations of amphotericin B
should be used when?

When choosing a lipid formulation of amphotericin, it is
important to determine the indication for use (i.e.
empirical versus treatment of proven or probable IFI).
The use of liposomal amphotericin B (L-AMB) (AmBi-
some®) as empirical therapy was as efficacious as ampho-
tericin B deoxycholate (AmB-D) on analysis of the
composite endpoint (level II evidence) (refer to Table A1
in Appendix II for further details).1 However, compari-
sons of L-AMB and amphotericin B lipid complex (ABLC)
(Abelcet®) as empirical therapy are primarily based on
differences in toxicity rather than efficacy (level II evi-
dence).2 Given this, we recommend clinicians use L-AMB
as the lipid formulation of choice for empirical therapy in
the setting of PFUO when results of HRCT scans or
NCBRDT are not available (grade B recommendation).

The small number of randomized trials that examine
lipid formulations of amphotericin B for the treatment of
proven or probable IFI (i.e. positive microbiological or
positive surrogate marker of infection) indicates that
L-AMB is as efficacious as ABLC; however, L-AMB has
significantly less infusion-related toxicity, e.g. fevers and
chills (level II evidence).3,4 ABLC does, however, have a
cost advantage over L-AMB. Thus, we recommend using
either L-AMB or ABLC as pre-emptive therapy in the
setting of positive HRCT and NCBRDT results and for the
treatment of proven or probable (i.e. biopsy- or culture-
positive) IFI (grade B recommendation).

3. Biopsy or bronchoscopy – which procedure
should be used when?

The typical radiographic abnormalities associated with IFI
(e.g. halo sign) have been well described.5 However, it is
important to remember that HRCT scans do not provide
a microbiological diagnosis and that ‘typical’ lesions may
also have a non-fungal (e.g. M. tuberculosis, S. aureus) or
non-infectious (e.g. graft-versus-host-disease (GVHD),
alveolar haemorrhage) aetiology.6 A number of clinical
scenarios require a tissue sample (e.g. bronchoscopy or
biopsy) in order to make a microbiological diagnosis. The
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choice of procedure is dependent on a number of factors:
type of lesions (nodule vs. diffuse infiltrate), location of
lesions (central vs. peripheral), patient’s clinical condi-
tion (e.g. hypoxia, significant thrombocytopenia), local
experience with the various procedures (e.g. CT-guided
percutaneous biopsy), the predicted risk of complications
from the procedure and the patient’s capacity to tolerate
potential complications. Bronchoscopy with lavage is
well tolerated and is rarely associated with serious com-
plications; however, the diagnostic yield in patients with
haematological malignancy or post haemopoietic stem
cell transplation (HSCT) is low (30–50%).7,8,9 CT-guided
percutaneous biopsy has a low complication rate
(1.1%);10 however, the diagnostic yield is quite variable
(11.7–73%)11,12,13 as it is dependent on the timing of the
biopsy in relation to the commencement of antifungal
therapy, the expertise of the operator and the volume of
sample obtained.6,13 Open lung biopsy (OLB), either tho-
racotomy or video-assisted, will produce a higher yield
(81%) as a larger volume of tissue can generally be
obtained for culture.14 However, it also has a much higher
complication rate (e.g. pneumothorax, haemorrhage), of
around 8–20%.15 It is important to note that OLB (tho-
racotomy or video-assisted) is a significantly more useful
diagnostic tool when a focal lesion (e.g. nodule), rather
than diffuse infiltrate, is present.16 Finally, at some
centres, it is not possible to perform a biopsy without first
performing a bronchoscopy. Taking all of the above into
account, we recommend that, wherever possible, a
biopsy (either OLB or CT-guided percutaneous biopsy) is
performed for all focal lung lesions and that a broncho-
scopy with lavage is performed to investigate diffuse
infiltrates. An OLB (thoracotomy or video-assisted) is
preferred over a CT-guided biopsy when it is essential to
obtain a larger volume of tissue for culture (e.g. detection
of breakthrough resistant mould infections on posacona-
zole prophylaxis). A bronchoscopy is recommended in
those cases where a biopsy is not possible (level III-3,
grade C recommendation).
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