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A B S T R A C T

Patients with neutropenia lasting for more than 10 d, who develop fever and pulmonary

infiltrates, are at risk of treatment failure under conventional broad-spectrum antibacterial

therapy. Filamentous fungi are predominant causes of failure, however, multi-resistant

gram-negative rods such as Pseudomonas aeruginosa or Stenotrophomonas maltophilia may

be involved. Prompt addition of mould-active systemic antifungal therapy, facilitated by

early thoracic computed tomography, improves clinical outcome. Non-culture-based diag-

nostic procedures to detect circulating antigens such as galactomannan or 1,3-beta-D-glu-

can, or PCR techniques to amplify circulating fungal DNA from blood, bronchoalveolar

lavage or tissue specimens, may facilitate the diagnosis of invasive pulmonary aspergillo-

sis. CT-guided bronchoalveolar lavage is useful in order to identify causative microorgan-

isms such as multidrug-resistant bacteria, filamentous fungi or Pneumocystis jiroveci. For

pre-emptive antifungal treatment, voriconazole or liposomal amphotericin B is preferred.

In patients given broad-spectrum azoles for antifungal prophylaxis, non-azole antifungals
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or antifungal combinations might become first choice in this setting. Antifungal treatment

should be continued for at least 14 d before non-response and treatment modification are

considered. Microbial isolates from blood cultures, bronchoalveolar lavage or respiratory

secretions must be critically interpreted with respect to their aetiological relevance for pul-

monary infiltrates.

� 2009 Elsevier Ltd. All rights reserved.
1. Categories of evidence used in this
guideline2
Category, Grade
 Definition
Strength of recommendation
A
 Good evidence to support a

recommendation for use
B
 Moderate evidence to support a

recommendation for use
C
 Poor evidence to support a

recommendation
D
 Moderate evidence to support a

recommendation against use
E
 Good evidence to support a

recommendation against use
Quality of Evidence
I
 Evidence from P1 properly

randomised, controlled trial
II
 Evidence from P1 well-designed

clinical trial, without

randomisation; from cohort or

case-controlled analytic studies

(preferably from >1 centre); from

multiple time-series; or from

dramatic results from

uncontrolled experiments
III
 Evidence from opinions of

respected authorities, based on

clinical experience, descriptive

studies, or reports of expert

committees
2. Epidemiology

Lung infiltrates (LIs) emerge in 15–28% of patients with pro-

found neutropenia following intensive chemotherapy.3,4 Clin-

ical outcome deteriorates with increasing patient age,5 and is

particularly dismal in patients with bacteraemia and shock6

as well as in case of delayed appropriate antimicrobial treat-

ment.7 LIs become apparent in approximately two thirds of

cases within 5 d after the onset of fever.8 As compared with

other types of infections, LIs in neutropenic patients are asso-

ciated with a higher risk of mortality,8–10 their treatment is

more difficult and costly.11 Histopathological findings show
that these infiltrates may have numerous different causes,

including multi-resistant bacteria12,13 and pathogens not cov-

ered by beta-lactam antibiotics (e.g. filamentous fungi, Pneu-

mocystis jiroveci and viruses), alveolar bleeding, infiltration

by the underlying malignancy, cryptogenic organising pneu-

monia, immune reconstitution syndrome and lesions caused

by chemotherapy or radiation.14–25

Efforts to identify the aetiology of LIs in febrile neutropenic

patients by the use of invasive techniques have not clearly im-

proved clinical outcome so far,8,23,26,27 however, they may give

reason for pathogen-directed antimicrobial treatment in up to

50% of patients.28 Success rates under broad-spectrum anti-

bacterial treatment are below 30%,8,29 whereas prompt addi-

tion of mould-active systemic antifungals in all febrile,

severely neutropenic patients with LIs increases the response

rate to up to 78%.30 The incidence of LIs in acute leukaemia pa-

tients could be reduced to 0% by voriconazole prophylaxis as

compared with 33% under placebo.31 These along with au-

topsy studies,15,32,33 indicate that the majority of LIs in febrile

neutropenic patients is caused by filamentous fungi.8,19,34,35

Clinical outcome of proven invasive aspergillosis (IA) in neu-

tropenic patients is poor,36–38 so that early pre-emptive anti-

fungal treatment should be used in febrile patients with

prolonged severe neutropenia and LIs not typical for non-fun-

gal origin [B-II].39,40 This is strengthened by the facts that IA

will have an unfavourable impact on long-term prognosis41

and that early institution of systemic antifungal treatment

against Aspergillus spp. improves survival of febrile neutro-

penic patients with LI.36,42,43 This paradigm has been chal-

lenged by data on the use of Aspergillus galactomannan (GM)

testing for decision on antifungal treatment.44 In patients on

broad-spectrum azole prophylaxis after intensive chemother-

apy,31,45 diagnostic efforts directed at less common fungal

pathogens and non-fungal causes of LIs must be

reinforced.46,47

With the use of nucleoside analogues for combination che-

motherapy of relapsed or refractory acute leukaemias, micro-

organisms typically observed under prolonged cellular

immunosuppression, such as cytomegalovirus, mycobacteria

or yeasts, must be considered48 as well as Staphylococcus aur-

eus, Pseudomonas aeruginosa, Aspergillus spp. and pneumococ-

ci.49 Respiratory viruses such as Influenza A or Respiratory

Syncytial Virus have only rarely been identified as causes of

LIs in hospitalised, febrile neutropenic patients,22,50 predomi-

nantly during wintertime, and do not seem to occur more

frequently in immunocompromised than in non-immuno-

compromised patients.51 Patients older than 65 years of age

and those with severe lymphocytopenia are at higher risk,

and mortality rate may be 5–15%.50
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3. Role of diagnostic procedures

3.1. Imaging

Conventional chest radiographs (CXRs) show LIs in <2% of

febrile neutropenic patients without clinical signs of lower

respiratory tract infections.52,53 In patients refractory to

broad-spectrum antibacterial therapy, CXRs show LIs in about

10%,54 whereas computed tomography (CT) detects pulmon-

ary lesions in approximately 50% of patients.55–57 Early detec-

tion of lesions indicating invasive fungal infection helps for

prompt institution of pre-emptive mould-active antifungal

treatment42,58,59 and may significantly reduce mortality due

to invasive pulmonary aspergillosis (IPA).42 CT findings such

as consolidation, air-crescent and halo sign are classified as

important signs of filamentous fungal disease.60 CT findings

indicating IPA are similar in neutropenic and non-neutro-

penic patients.37 Apart from focus detection, characterisation

of LIs by CT scan helps to distinguish fungal pneumonia from

non-fungal LIs.24,61–64 Nodular and/or cavitary lesions are sug-

gestive for mould infection, but may be also caused by other

microorganisms including mycobacteria as well as by pro-

gression of the underlying malignancy.65 In most cases, how-

ever they have a typical CT appearance. Magnetic-resonance

imaging (MRI) has become as clinically useful alternative to

CT,66 however, consensus definitions of invasive fungal dis-

eases have not yet included thoracic MRI findings.60 In case

of IPA, the volume of LIs may markedly increase during the

first week on follow-up CT scans despite effective antifungal

therapy.52 Reduction of halo or appearance of air-crescent

sign may indicate favourable response.67,68
3.2. Microbiological and histopathological samples

Microbiological diagnosis is based on blood cultures, sputum

and endoscopically obtained bronchial secretions or broncho-

alveolar lavage (BAL) fluid. The diagnostic yield of these

procedures is controversially debated.26,69–77 Unselected sam-

ples obtained from neutropenic cancer patients with ‘pneu-

monia’ showed a predominance of microorganisms without

aetiological relevance,78 while autopsy results demonstrate

that in the majority of patients who died from invasive fungal

infection, diagnosis has not been established ante mortem.79

The number of false-positive and false-negative findings, and

their correlation to the results of allegedly targeted antimicro-

bial therapy are undetermined. Aspergillus spp. are rarely de-

tected from throat swabs, oral washings or saliva, however,

such a finding has a high positive predictive value in severely

immunocompromised patients.80

The diagnostic yield of BAL ranges between 25%71 and

>50%37,82–84 and depends on the risk profile of patients ana-

lysed.37 A large retrospective survey on microbiological yield

from BAL in cancer patients with LI post-chemotherapy

showed 34% bacteria, 22% cytomegalovirus, 15% Pneumocystis

jiroveci and 2% aspergilli.83 An evaluation of 246 fibreoptic

bronchoscopies in 199 febrile patients with haematological

malignancies showed relevant pathogens in 118 cases. In 70

samples, only bacteria were detected, 13 samples showed

both fungi and bacterial pathogens, 15 samples Aspergillus
species, 16 samples Candida species and 2 samples both

Aspergillus and Candida.72 The relevance of polymicrobial

aetiology of LIs has also been confirmed in a retrospective

analysis,73 reporting a mould (predominantly Aspergillus spe-

cies) plus a bacterium in 12% and multiple potentially patho-

genic fungi in 22% of samples. BAL findings may result in a

change of antimicrobial treatment in 38–50% of patients.28,72

Cultural isolation of fungi and histological proof from lung

tissue are the diagnostic ‘gold standard’ for the diagnosis of

IA.60 However, their predictive power is difficult to be assessed,

as no quality standards exist with regard to the numbers of

specimen, the technique and time schedule for work-up of

samples or the interpretation of results. Patients undergoing

biopsy are highly selected, invalidating conclusions regarding

sensitivity and specificity of diverse biopsy techniques.

Due to safety concerns, transbronchial biopsy is rarely

used in severely neutropenic and thrombocytopenic patients

with lung infiltrates.28,81,85

Open-lung biopsy (OLB) is performed primarily in patients

with treatment-refractory LIs not clarified by other tech-

niques, in order to rule out non-infectious origin.21,46,84 The

diagnostic yield of OLB was reported to be particularly high

in a paediatric population,86 and may show up to 40% non-

specific inflammatory processes.23,26,87 Notably, significant

discrepancies between findings from OLB and BAL have been

reported.26 Adverse events may emerge in up to 43% of OLB86

with up to 15% risk of bleeding,87 in spite of sufficient platelet

counts.88,89 False-negative results may occur, particularly if

the infectious focus has been missed, necrotic tissue been ob-

tained, or biopsy has been taken very late after onset of

infiltrates.

CT-guided transcutaneous needle biopsy may provide use-

ful results, particularly by using molecular methods for tissue

work-up [B-II].90–95 However, this procedure requires platelet

counts >50,000/ll and should not be performed in patients

with a significant risk of respiratory failure in case of pneu-

mothorax. Prospective studies on the clinical use of needle

biopsies are not available.

3.3. Non-culture-based diagnostics

Since the early 1990s, techniques for detection of fungal cells

by Aspergillus galactomannan (GM), 1,3-beta-D-glucan or

molecular methods have been introduced for early non-inva-

sive detection of IPA.96–106 Updated consensus definitions of

invasive fungal infections include a positive GM test from ser-

um, plasma or BAL samples as an important finding.60 In pa-

tients with IPA it is controversial whether serum GM test will

become positive prior to major signs on CT scans.107 The test

is not suitable for identifying infections from non-Aspergillus

fungi and may be false-positive in the presence of other infec-

tions or semisynthetic beta-lactam antibiotics.108 Details

regarding antigen testing that indicate or exclude fungal

infection other than aspergillosis109 are discussed in a sepa-

rate guideline.110

Studies on polymerase chain reaction (PCR) assays, either

panfungal or Aspergillus-specific, indicated a higher clinical

usefulness of these techniques applied to BAL as compared

to blood samples, particularly under antifungal treat-

ment.100,102,105,111–113 When applied to lung biopsy specimens,
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superior diagnostic yield for detection of invasive filamentous

fungi by PCR compared to histopathology and culture was

shown.95 There is no standardisation of these methodically

different assays as yet. The use of a commercial test using

multiplex PCR for numerous microbial pathogens (Septifast�,

Roche Diagnostics) has not been tested in patients with LIs.

Generally, PCR is used not as a single tool, but as part of a

complex diagnostic programme including chest CT scans

and serology.114,115

3.4. Serum markers and cytokines

An assessment of laboratory parameters such as C-reactive

protein, interleukin-6,116 interleukin-8, Tumour Necrosis Fac-

tor-alpha117 or procalcitonin plasma levels118 has not been

established in febrile neutropenic patients with LIs so far.

The predictive value of cytokines and chemokines in BAL

fluid119,120 is subject to further clinical studies.

Diagnostic techniques for aetiological work-up of LIs

should be standardised with respect to methodology. Their
Fig. 1 – Algorithm for the clinical management of patients with
role should be investigated in prospective studies providing

that diagnostic procedures do not critically delay early initia-

tion of an adequate antimicrobial therapy.

4. Practice of diagnostic procedures

An algorithm for the clinical management of febrile neutro-

penic patients with LIs [B-III] is shown in Fig. 1.

In patients at high risk of invasive fungal infection, i.e.

those with acute myeloid leukaemia or myelodysplastic syn-

drome undergoing aggressive myelosuppressive chemother-

apy resulting in profound neutropenia for more than 10 d,

serial monitoring of Aspergillus galactomannan 1,3-beta-D-

glucan and/or (preferably within a clinical study) fungal PCR

from blood samples is encouraged [B-II]. Samples should be

taken at least twice weekly [B-II]. Non-culture-based proce-

dures do not replace clinical, imaging, endoscopic or microbi-

ological diagnostics [B-III].

Diagnostic efforts aim at early detection of LIs and obtain-

ing reliable microbiological results that confirm, or help to
febrile neutropenia and suspected or proven lung infiltrates.
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modify, the antimicrobial therapy initiated pre-emptively.

Clinical, imaging and laboratory procedures required for neu-

tropenic patients with fever of unknown origin (FUO) are de-

scribed in detail by Link et al.121

Patients with FUO or documented infections other than

lung infiltrates not responding to antimicrobial therapy dur-

ing the first 72–96 h should be subjected to repeated clinical,

imaging and microbiological examination [B-II]. Thoracic CT

scan should be done within 24 h [B-II]. A higher rate of path-

ological findings is obtained by the use of high-resolution or

thin-section multi-slice techniques [B-II].55–57,122

In patients who cannot undergo thoracic CT scan, MRI is a

suitable alternative [B-II].66 In patients with pathological find-

ings on CXR, a thoracic CT scan in order to specify the cause

of LIs has become a clinical standard [B-II].

In patients with LIs, a fibreoptic bronchoscopy (FBO) with

bronchoalveolar lavage (BAL) of the affected region is recom-

mended [B-III]. FBO and BAL are safe procedures,28 however,

in critically ill patients with a significant risk of respiratory

failure or pulmonary bleeding, their indication must be care-

fully re-considered [B-III].28 Protected brush and protected

BAL are not superior to BAL for diagnosing LIs in neutropenia

[D-II].82 When sending BAL samples to the laboratory for

microbiological work-up, current systemic antimicrobial ther-

apy as well as relevant clinical data must be provided, and the

maximum period between sampling and start of laboratory

work-up should be less than 4 h [A-III]. Samples should be

transported under cooling conditions (+4 �C) [A-III]. The rec-

ommended programme for microbiological work-up is shown

in Table 1.
Table 1 – Processing of bronchoalveolar lavage (BAL) material

Recommended diagnostic programme [B-III]
• Cytospin preparations for distinguishing intracellular from extr

by underlying malignancy
• Gram stain
• Giemsa/May-Grünwald-Giemsa stain (assessment of macropha
• Calcofluor white or equivalent (assessment of fungi and Pneum
• Direct immunofluorescence test for Pneumocystis jiroveci (confir
• Direct immunofluorescence test for Legionella spp.
• Ziehl-Neelsen/Auramin staining
• Aspergillus antigen (Galactomannan Sandwich ELISA)
• Quantitative cultures: dilutions of 10)2 and 10)4; culture media

Legionella-BCYE a or equivalent (Legionella spp.), Löwenstein-J
equivalent (fungal culture)

Optional programme [B-III]

• Enrichment culture (Brain-Heart Infusion, dextrose broth)
• Direct immunofluorescence test for Chlamydia pneumoniae
• Culture for Chlamydia pneumoniae
• Legionella PCR
• Shell vial technique and PCR for influenza, parainfluenza and a
• Culturing or antigen detection of Herpes simplex and Varicella
• Cytomegalovirus early antigen; rapid culture
• CMV antibody (ELISA, IgG/IgM)
• HSV antibody (ELISA, IgG/IgM)
• VZV antibody (ELISA, IgG/IgM/IgA)
• Respiratory syncytial virus (PCR, ELISA)
• Panfungal/Aspergillus PCR
• Peripheral blood cultures 1 h after bronchoscopy to detect tran
• Throat swab to assess oral flora in comparison with BAL
• Pneumocystis jiroveci PCR
Patients with LIs remaining aetiologically undetermined

despite diagnostic procedures and urgently requiring histo-

logical identification (e.g. suspected invasive fungal infection

or non-infectious LIs) should undergo invasive procedures

such as open lung or fine-needle biopsy [B-II].
5. Pre-emptive antimicrobial therapy (Table 2)

Pre-emptive therapy is defined as the administration of anti-

microbial agents on the basis of clinical, imaging and/or lab-

oratory findings indicative of a particular infection in patients

at risk for, but without proof of this infection.

5.1. Patients with acute leukaemia and other aggressive
haematological malignancies

In order to early and effectively cover filamentous fungi, pre-

dominantly Aspergillus spp. in febrile neutropenic patients

with severe neutropenia lasting for more than 10 d and

LIs,8,10,30 initial antimicrobial therapy should consist of an

anti-pseudomonal beta-lactam antibacterial agent plus voric-

onazole (6 mg/kg every 12 h on day 1, 4 mg/kg every 12 h

thereafter) or liposomal amphotericin B (3 mg/kg daily)40 [B-

II]. Liposomal amphotericin B is preferred in patients in

whom a pulmonary zygomycosis is considered and in those

who have recently been treated with voriconazole or posaco-

nazole [B-III]. This recommendation is based on the results of

prospective clinical trials in febrile neutropenic patients with

LIs,8,30 benefitting significantly from prompt30 as compared to
and microbiological analyses [B-III].

acellular pathogens and identifying infiltration

ges, ciliated epithelium, leukocytes)
ocystis jiroveci)
matory)

: blood, McConkey/Endo, Levinthal/blood (bacterial culture),
ensen or equivalent (mycobacteria), Sabouraud/Kimmig or

denovirus
zoster virus

sient bacteraemia



Table 2 – Pre-emptive antimicrobial therapy.

(1) For patients with acute leukaemia and other aggressive haematological malignancies

Anti-pseudomonal 
beta-lactam +

Voriconazole: 6 mg/kg BID x 1 day then 
4 mg/kg BID, 

or

Liposomal amphotericin B: 3 mg/kg daily
(preferred if high risk for zygomycosis or 
previous treatment with azoles)

(2) For patients undergoing high-dose chemotherapy and autologous haematopoietic stem cell transplantation (AHSCT)

– No prompt systemic antifungal required

– After CD34-selected AHSCT: Ganciclovir 5 mg/kg BID if positive rapid culture for CMV
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delayed8 mould-active antifungal therapy, as well as on trials

including patients with proven or probable aspergillosis123 or

proven, probable and possible aspergillosis124 treated with

voriconazole and in patients with proven or probable mould

infections treated with liposomal amphotericin B.125 The

place for echinocandin antifungals in this situation remains

to be defined. Data on the use of caspofungin in febrile neu-

tropenic patients refractory to broad-spectrum antibacterial

therapy included a small number of patients with LIs at base-

line, but also showed breakthrough LIs on caspofungin ther-

apy.126 The addition of an aminoglycoside or flucytosine

does not improve treatment results30,127 [E-I]. Antifungal

treatment should be continued until haematopoietic recovery

and regression of clinical and radiological signs of infection

[B-III]. Efforts to identify the origin of LIs should be reinforced,

particularly in patients after broad-spectrum azole prophy-

laxis, to identify non-fungal causes of infiltrates as well as

potentially azole-resistant fungal pathogens.

Empirical administration of antiviral drugs, glycopeptide

or macrolide antibiotics without a target pathogen isolated

from clinically significant samples is not recommended [D-II].

5.2. Patients undergoing high-dose chemotherapy and
autologous haematopoietic stem cell transplantation (AHSCT)

Patients after AHSCT have a very low risk of fungal pneumo-

nia.128–130 Therefore, pre-emptive antifungal therapy should

be restricted to individual patients [B-II]. In patients with LIs

of unknown aetiology after CD34-selected HSCT,131 FBO with

BAL should be considered to eventually diagnose CMV infec-

tion [B-III]. In case of a positive rapid culture or ‘immediate

early antigen’, ganciclovir treatment (5 mg/kg every 12 h) is

indicated [B-III]. Foscarnet has not been investigated in this

setting. Data on serial blood PCR or pp65 antigen monitoring

for CMV in these patients are not available.
6. Therapy in patients with documented
pathogens

Microbiological findings from neutropenic patients must be

interpreted critically with respect to their aetiological signifi-

cance, also when obtained from blood cultures or BAL sam-

ples. Detection of aetiologically significant pathogens,

particularly multi-resistant bacteria, should prompt immedi-
ate modification of antimicrobial treatment to avoid fatal out-

come due to delayed effective therapy.132

Aetiologically significant findings are:

• Pneumocystis jiroveci, Gram-negative aerobic pathogens,

pneumococci, Mycobacterium tuberculosis or Aspergillus spp.

or Aspergillus galactomannan (sandwich ELISA; note: a

threshold of positivity remains to be defined) or zygomycetes

obtained from bronchoalveolar lavage or sputum samples;

positive rapid culture for CMV, detection of CMV ‘immedi-

ate early antigen’.

• Isolation of pneumococci, alpha-haemolytic streptococci or

Gram-negative aerobic pathogens from blood culture.

• Any detection of pathogens in biopsy material.

• Positive Legionella or pneumococcal antigen in urine.

• Positive Aspergillus galactomannan in blood samples.

Findings insignificant for lung infiltrates are:

• Isolation of enterococci from blood culture, smears, sputum

or BAL.

• Coagulase-negative staphylococci or Corynebacterium spp.

obtained from any sample.

• Isolation of Candida spp. from swabs, saliva, sputum or tra-

cheal aspirates.

• Findings from surveillance cultures, faeces and urine

cultures.

Note: Detection of these pathogens may indicate other

infections.

Other findings such as community respiratory viruses, iso-

lation of Staphylococcus aureus, Legionella spp. or atypical

mycobacteria from respiratory secretions or a positive CMV-

PCR from BAL must be interpreted critically with respect to

their aetiologic significance, before specific antimicrobial

treatment is given.

7. Treatment of documented fungal
pneumonia

Detailed recommendations for treatment of patients with

documented fungal pneumonia are the subject of a separate

guideline.133 Voriconazole or liposomal amphotericin B is

the agent of choice for primary treatment of IPA,40,133 whereas
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for zygomycosis, liposomal amphotericin B is recommended.

Antifungal therapy should be continued after patient dis-

charge [B-III]. In patients with progressive LIs and worsening

gas exchange, failure of antifungal treatment should only be

considered after other causes such as second infection, im-

mune reconstitution or too short duration of treatment have

been ruled out [B-II].14,58,134

8. Treatment of Pneumocystis jiroveci
pneumonia (PcP)

Patients with proven PcP should be treated with trimethoprim-

sulphamethoxazole (TMP/SMX, co-trimoxazole) at a daily dos-

age of TMP 15–20 mg/kg plus SMX 75–100 mg/kg, divided into

3–4 doses [A-II]. In non-responders to at least 14 d of treatment,

a second infection should be discussed. If a repeated bronchos-

copy has confirmed persistent PcP without any evidence for

another infection, dihydropteroate synthase gene mutation

may be present.135 In case of confirmed sulpha resistance or

TMP/SMX intolerance, atovaquone oral suspension (750 mg

three times daily), aerosolised pentamidine (600 mg daily),

intravenous pentamidine (4 mg/kg daily) or clindamycin

(600 mg three times daily) plus primaquine (30 mg daily) are

treatment alternatives,136 of which clindamycin/primaquine

appears to be the most effective [C-III].137 Treatment duration

is 2–3 weeks [B-II]. Secondary prophylaxis with oral TMP/SMX

at a daily dosage of 160/800 mg at 3 d per week or with pent-

amidine inhalation of 300 mg once a month is required [A-II].

In patients with emerging respiratory failure, non-invasive

continuous positive airway pressure mask ventilation to

avoid intubation and mechanical ventilation might be useful

[B-II].138 The adjunctive use of corticosteroids is unclear in the

setting addressed here.139,140
9. Referral to intensive care unit

Neutropenic cancer patients with respiratory failure caused

by LIs may have a favourable outcome under intensive care,

including mechanical ventilation.9,141–143 Therefore, it is not

justified to withhold intensive care from cancer patients with

respiratory failure caused by lung infiltrates only with respect

to their underlying malignancy [A-II].144
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