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Abstract
Background—The development of pulmonary infiltrates is a frequent life
threatening complication in immunocompromised patients, requiring early diagnosis and specific treatment. In the
present study non-invasive and bronchoscopic diagnostic techniques were applied
in patients with diVerent non-HIV immunocompromised conditions to determine
the aetiology of the pulmonary infiltrates
and to evaluate the impact of these
methods on therapeutic decisions and
outcome in this population.
Methods—The non-invasive diagnostic
methods included serological tests, blood
antigen detection, and blood, nasopharyngeal wash (NPW), sputum and tracheobronchial aspirate (TBAS) cultures.
Bronchoscopic techniques included fibrobronchial aspirate (FBAS), protected
specimen brush (PSB), and bronchoalveolar lavage (BAL). Two hundred consecutive episodes of pulmonary infiltrates
were prospectively evaluated during a 30
month period in 52 solid organ transplant
recipients, 53 haematopoietic stem cell
transplant (HSCT) recipients, 68 patients
with haematological malignancies, and 27
patients requiring chronic treatment with
corticosteroids and/or immunosuppressive drugs.
Results—An aetiological diagnosis was
obtained in 162 (81%) of the 200 patients.
The aetiology of the pulmonary infiltrates
was infectious in 125 (77%) and noninfectious in 37 (23%); 38 (19%) remained
undiagnosed. The main infectious aetiologies were bacterial (48/125, 24%), fungal
(33/125, 17%), and viral (20/125, 10%), and
the most frequent pathogens were Aspergillus fumigatus (n=29), Staphylococcus aureus (n=17), and Pseudomonas
aeruginosa (n=12). Among the noninfectious aetiologies, pulmonary oedema
(16/37, 43%) and diVuse alveolar haemorrhage (10/37, 27%) were the most common
causes. Non-invasive techniques led to the
diagnosis of pulmonary infiltrates in 41%
of the cases in which they were used; specifically, the diagnostic yield of blood cultures was 30/191 (16%); sputum cultures
27/88 (31%); NPW 9/50 (18%); and TBAS
35/55 (65%). Bronchoscopic techniques led
to the diagnosis of pulmonary infiltrates
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in 59% of the cases in which they were
used: FBAS 16/28 (57%), BAL 68/135
(51%), and PSB 30/125 (24%). The results
obtained with the diVerent techniques led
to a change in antibiotic treatment in 93
cases (46%). Although changes in treatment did not have an impact on the overall mortality, patients with pulmonary
infiltrates of an infectious aetiology in
whom the change was made during the
first 7 days had a better outcome (29%
mortality) than those in whom treatment
was changed later (71% mortality;
p=0.001).
Conclusions—Non-invasive and bronchoscopic procedures are useful techniques
for the diagnosis of pulmonary infiltrates
in immunocompromised patients. Bronchial aspirates (FBAS and TBAS) and
BAL have the highest diagnostic yield and
impact on therapeutic decisions.
(Thorax 2001;56:379–387)
Keywords: immunocompromised; lung infection;
bronchoalveolar lavage; nasopharyngeal wash; tracheobronchial aspirate; diagnosis

The good results obtained with solid organ
transplants and haematopoietic stem cell transplantation (HSCT) in recent years have led to
an increase in the number of potential
candidates.1 One of the most important
limiting factors for these treatments is the
development of life threatening pulmonary
complications.2 Opportunistic and bacterial
infections are common causes of pulmonary
complications in immunocompromised patients including transplant recipients,3 4 and
must be distinguished from other conditions
such as pulmonary oedema, diVuse alveolar
haemorrhage, malignant diseases, and pulmonary drug reactions.5–8 Accurate and prompt
diagnosis of potentially treatable pulmonary
complications is important in patients with
severe immunosuppression.
In 1989 our group published the results of a
protocol for the diagnosis of pulmonary
infiltrates in a population of immunocompromised patients.9 In this study it was suggested
that bronchoalveolar lavage (BAL) and protected specimen brush (PSB) techniques used
concurrently were useful for the diagnosis of
pulmonary complications in these patients.
Over the last decade significant developments
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Methods
PATIENTS

We prospectively evaluated episodes of pulmonary infiltrates in 200 consecutive patients. All
of the immunosuppressed patients with pulmonary infiltrates seen at a tertiary hospital
between February 1998 and June 2000 were
included (table 1). Patients included in the
study belonged to four diVerent groups—
group 1: solid organ transplant (21 renal, 11
cardiac, 14 liver, and six pancreaticorenal)
recipients; group 2: haematopoietic stem cell
transplant (HSCT) recipients (n=53); group 3:
patients with haematological malignancies
treated with chemotherapy (n=68); and group
4: patients requiring chronic treatment with
corticosteroids (minimum 30 mg prednisone
daily for the previous 30 days before inclusion)
or immunosuppressive agents (azathioprine or
cyclophosphamide; n=27). The underlying
haematological malignancies of groups 2 and 3
were acute myeloid leukaemia (n=30, 25%),
acute lymphoblastic leukaemia (n=15, 13%),
Hodgkin’s lymphoma (n=14, 12%), chronic
lymphoid leukaemia (n=12, 10%), chronic
myeloid leukaemia (n=11, 10%), and others
(n=39, 30%). Fifty nine of the 200 infiltrates
(30%) were evaluated while the patients were
on mechanical ventilation.
Table 1

DATA COLLECTION

The following variables were recorded: age,
sex, underlying immunosuppressed condition,
leucocyte and platelet counts, serum biochemistry, arterial oxygen tension (PaO2)/inspiratory
oxygen fraction (FiO2) ratio at inclusion, and
APACHE II score (Acute Physiology and
Chronic Health Evaluation) at the time of
admission to hospital. The requirement for
mechanical ventilation was also registered and
survival was defined as hospital discharge.
DIAGNOSTIC PROCEDURES

Within the first 24–48 hours after the identification of the pulmonary infiltrates, samples of
blood were drawn for blood cultures and serological and antigen testing. A sample of
spontaneous or induced sputum (after nebulisation with 3% saline solution) was obtained. A
Gram stain was performed to assess the quality
of the sample.18 A sample of NPW was taken
for viral detection and tissue culture. In
patients under mechanical ventilation, a sample of TBAS was obtained via an orotracheal
tube under sterile conditions using a 22 inch 14
Fr suction catheter and collected into a mucus
reservoir (Mocstrap; Proclinics, Barcelona,
Spain). Antigen detection of Streptococcus
pneumoniae (urine), Aspergillus sp (serum), and
Chlamydia pneumoniae (pharyngeal swab), and
DNA detection of Mycobacterium tuberculosis
by ligase chain reaction (respiratory samples)
were included once the study had been started.
Fibreoptic bronchoscopy (FOB) was performed before antibiotic treatment was started
in 14 cases (9% of total FOB) and 48–96 hours
after starting antibiotic treatment in the
remaining 136. Patients were not eligible for
bronchoscopic exploration if arterial PaO2 was
less than 7.3 kPa with oxygen administration or
if the platelet count was less than 50 × 106/µl.
The bronchoscope was passed transnasally or
transorally into the trachea after topical nasal
anaesthesia was instilled. In mechanically ventilated patients the bronchoscope was passed
into the trachea through the endotracheal tube.
A PSB sample (Microbiology Brush; Mill-Rose
Laboratory Inc, Mentor, Ohio, USA)19 was first
obtained in 125 cases (62%). Respiratory
secretions were aspirated through the suction
channel of the bronchoscope in 28 patients.
Bronchoalveolar lavage was carried out with
150 ml of sterile saline solution in three 50 ml

Underlying immunosuppressed condition and clinical characteristics of the 200 patients studied

No. (%)
Mean (SD) age (years)
M/F
Neutropenia, n (%)
Mean (SD) APACHE II score
Mean (SD) PaO2/FiO2 at inclusion
Mechanical ventilation requirement, n (%)
Mortality, n (%)

HSCT

Haematological
malignancies

Solid organ
transplantation

CIS

Total

53 (27%)
40 (12)
33/20
21 (40%)
18 (7)
269 (102)
24 (45%)
26 (49%)

68 (34%)
54 (17)
36/32
28 (41%)
19 (8)
266 (95)
23 (34%)
21 (31%)

52 (26%)
52 (16)
43/9
3 (6%)
20 (8)
221 (126)
33 (63%)
20 (38%)

27 (13%)
60 (14)
13/14
1 (2%)
20 (8)
222 (113)
15 (56%)
14 (52%)

200
50 (17)
125/75
53 (27%)
19 (8)
249 (109)
95 (47%)
81 (40%)

HSCT = haematopoietic stem cell transplantation; CIS = chronic immunosuppressive treatment; APACHE II = Acute Physiology
and Chronic Health Evaluation II score at admission.
Underlying diseases: chronic obstructive pulmonary disease (n=6), scleroderma (n=3), idiopathic pulmonary fibrosis (n=4),
systemic vasculitis (n=3), rheumatoid arthritis (n=2), glomerulonephritis (n=2), and one each of systemic lupus erythematosus,
relapsing polychondritis, dermatomyositis, mixed cryoglobulinaemia, Good-Pasteur syndrome, Beçhet syndrome, and primary biliary cirrhosis.
Neutropenia defined as a neutrophil count <1 × 109 cells/l.
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in diagnostic techniques have emerged.10
Furthermore, the administration of new and
eVective treatments has changed the pattern of
pulmonary
complications
in
immunocompromised patients.11–15 Recent publications
have questioned the usefulness of bronchoscopic techniques in the diagnosis of pulmonary infiltrates in immunocompromised patients, suggesting that the information
provided does not change treatment or improve survival and can cause significant
complications.16 17 In this study we have
reappraised prospectively the current diagnostic usefulness and clinical impact of fibrobronchial aspiration (FBAS), BAL, and PSB for the
study of pulmonary infiltrates in patients with
diVerent immunocompromised conditions (excluding HIV infected patients). We have also
included other non-invasive procedures such as
blood antigen detection, sputum, tracheobronchial aspirates (TBAS), and nasopharyngeal
wash (NPW) to examine their diagnostic
usefulness in this group of patients.
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OTHER DIAGNOSTIC TECHNIQUES

Transbronchial (TBB) and bronchial biopsy
specimens were obtained in 11 and three cases,
respectively, and analysed pathologically and
microbiologically. Videothoracoscopic (VTC)
lung biopsy was carried out in two cases in
which no diagnosis was reached by bronchoscopic examination. Necroscopic examination
was performed in 19 of the 81 patients who
died.
SAMPLE PROCESSING

Staining methods
Viral antigens in NPW and BAL samples were
detected by a direct immunofluorescent staining method using a monoclonal antibody pool
(influenza viruses A and B, parainfluenza
viruses 1, 2 and 3, respiratory syncytial virus,
adenovirus, virus herpes simplex, and enterovirus). Sputum, FBAS and TBAS specimens
were directly stained using Gram and ZiehlNeelsen methods. PSB and BAL smears were
Gram and Giemsa stained for intracellular or
extracellular bacterial and fungal detection and
cellular diVerential count. In BAL samples
additional stains were used: Ziehl-Neelsen
staining for mycobacteria; Gomori staining for
Pneumocystis carinii; PAS, haematoxylin-eosin,
and Papanicolau for cell atypia; Pearls’ staining
for hemosiderophages.
Cultures
Sputum samples were qualitatively cultured for
bacterial pathogens, fungi, and mycobacteria.
Bronchoscopic samples were homogenised and
processed for quantitative culture by serial
dilutions (1:1 and 1:10, inoculating 0.1 ml/
plate) for bacterial pathogens. Culture media
for Legionella spp and fungi were plated
undiluted. FBAS, TBAS, and BAL specimens
were also cultured for mycobacteria, and NPW
and BAL samples were cultured for viruses on
monolayers of Hep-2, A-549, MRC-5, and
MDCK cell lines (Vircell, Granada, Spain).
Cultures were maintained for 4 weeks at 37ºC
and examined regularly for a cytopathic eVect.
Viral growth was confirmed by immunofluorescence staining with monoclonal antibodies
(Respiratory Pannel 1, Viral Screening & Identification Kit, Light Diagnostics, Temecula,
USA; Clonab CMV, Biotest, Germany).
Negative bacterial cultures were discarded
after 3 days, Legionella after 10 days, mycobacteria after 6 weeks, and fungal cultures after 4
weeks. Positive bacterial cultures were counted
as colony forming units per ml (cfu/ml), and
identification and susceptibility tests were performed according to standard methods.
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Rapid diagnostic tests
The urinary antigen test for detection of L
pneumophila serogroup 1 was performed using
an enzyme immunoassay (EIA) method (Biotest Legionella Urine Antigen EIA, Biotest,
Germany) and S pneumoniae was detected
using an immunochromatography method
(Binax Now S pneumoniae Urinary Antigen
Test, Binax, USA). Detection of the pp65
cytomegalovirus (CMV) antigen in BAL fluid
and serum was performed using a specific
monoclonal antibody (Clonab CMV, Biotest,
Germany) by means of an immunocytochemistry method (APAAP; Dako, Denmark). Detection of Aspergillus spp galactomannan antigen
in the serum was performed using an EIA
method (Platelia Aspergillus, Sanofi Diagnostics Pasteur, France) and Mycobacterium tuberculosis DNA in respiratory samples was studied
using a ligase chain reaction method (Abbot
LCX Mycobacterium tuberculosis assay, Abbot
Laboratories, Abbot Park, USA). C pneumoniae
DNA was detected in nasopharyngeal swabs by
a PCR-EIA method (Diasorin; Italy).
DIAGNOSTIC DEFINITIONS

The aetiology of pulmonary infiltrates was
established based on the results of the diVerent
diagnostic procedures performed, the response
to the specific treatment, and the histopathological evaluation of biopsy samples when
available.
The aetiology of pulmonary infiltrates was
defined as follows: (1) infectious: when there
was a clinical suspicion of lower respiratory
tract infection and a microbial agent was
isolated in respiratory and/or non-respiratory
samples; (2) non-infectious: when clinical data
did not suggest an infectious aetiology, no
microbiological agents were isolated in any
processed sample, and the clinical course and
response to treatment were in accordance with
an alternative non-infectious aetiology; (3)
undetermined (undiagnosed): when the pulmonary infiltrates did not meet criteria for
infectious or non-infectious aetiologies.
Diagnostic criteria for specific microorganisms
Bacterial pneumonia was diagnosed whenever
blood or sputum samples grew pathogenic
bacteria. Similarly, when a quantitative bacterial culture from FBAS or TBAS, BAL or PSB
specimens grew more than 105, 104, or 103 cfu/
ml, respectively, the diagnosis of bacterial
pneumonia was also established. Any growth of
facultative pathogenic bacteria such as Streptococcus viridans and coagulase negative Staphylococcus was considered irrelevant.
Cytomegalovirus and other viruses were
considered to be pathogens if they were
isolated by cell culture from NPW or BAL
specimens or when inclusion bodies were
present on histopathological evaluation.
P carinii pneumonia (PCP) was diagnosed
by a positive Gomori methenamine silver stain.
The identification of Legionella spp and mycobacteria was accepted as a definite diagnosis
regardless of colony counts. Fungal pneumonia
was diagnosed in the presence of a compatible
clinical and radiographic pattern if fungal
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aliquots in 135 patients (70%). The lavage was
performed in the involved lobe in patients with
localised pulmonary infiltrates and in the middle lobe or lingula in patients with diVuse pulmonary infiltrates.
Although the primary intention was to
perform all the diVerent diagnostic procedures,
the ultimate decision as to which of the procedures should be performed was always determined by the clinical state of the patient and
the criteria of the physician in charge.
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the treatment administered. Changes in treatment were noted if they were based on either a
positive or negative result from the noninvasive and bronchoscopic samples.
ANALYSIS OF DATA

Diagnostic criteria for non-infectious conditions
DiVuse alveolar haemorrhage was diagnosed
by established criteria5–7 and pulmonary
oedema was diagnosed using clinical criteria.
Bronchiolitis obliterans organising pneumonia
(BOOP) was diagnosed histologically from
samples obtained by transbronchial or open
lung biopsies. Two patients were diagnosed
with hypersensitivity pneumonitis secondary to
bleomycin by clinical criteria and compatible
radiological changes. In these patients the pulmonary infiltrates disappeared after bleomycin
was withdrawn and corticosteroid treatment
was started.

Results are expressed as mean (SD). The
median value (50th percentile) was used to
evaluate the delay in establishing a specific
diagnosis of the pulmonary infiltrates. All
statistics were calculated using the SPSS statistical package (SPSS for Windows, version 9.0;
Chicago, IL, USA). Categorical variables were
compared using the ÷2 test or Fisher’s exact test
when appropriate, and continuous variables
were analysed using the non-parametric MannWhitney U test. A p value of <0.05 was considered statistically significant.
Results
AETIOLOGY OF PULMONARY INFILTRATES

ANTIMICROBIAL PROPHYLAXIS

One hundred and thirteen patients (57%) were
receiving some type of antimicrobial prophylaxis at the onset of the pulmonary infiltrates:
43% in group 1, 85% in group 2, 55% in group
3, and 33% in group 4. The most frequent
prophylaxis strategy was antibacterial treatment (18%) followed by the combination of
antiviral + antifungal + prophylaxis against
PCP (10%), followed by a combination of
antibacterial + antifungal agents (8%).
EMPIRICAL ANTIBIOTIC TREATMENT

The final decision regarding the initial antimicrobial treatment was taken by the clinician in
charge. The most common combination consisted of a third generation cephalosporin plus
an aminoglycoside.21 Alternative antibiotics
were ureidopenicillins and/or ciprofloxacin. If
Staphylococcus aureus infection was suspected
or proven, vancomycin was added. Amphotericin B was added if no clinical or radiographic
improvement was observed after 4–5 days of
antibiotic treatment. Ganciclovir plus high
dose immunoglobulin G (or foscarnet as an
alternative) were added if CMV infection was
suspected or proven. G-CSF was occasionally
given to patients with evidence of infection and
prolonged neutropenia.
The initial antibiotic treatment was considered inadequate if the isolated microorganisms
were not susceptible to or were not covered by
Table 2

A specific diagnosis was obtained in 162 of the
200 cases evaluated (81%), with an infectious
aetiology in 125 of the cases (77%) and a noninfectious aetiology in 37 (23%, table 2). Bacteria were the most frequent microorganisms
causing pulmonary infiltrates (n=48, 24%),
followed by fungi (n=33, 17%) and viruses
(n=20, 10%). In 15 cases (7%) the aetiology of
the pulmonary infiltrates was polymicrobial
(table 3).
There were no statistically significant associations between the specific underlying immunosuppressive state and the aetiology of the
pulmonary infiltrates.
NON-INVASIVE TECHNIQUES

Blood cultures were obtained from 191 cases
and gave 30 positive results (16%). When only
patients with an infectious aetiology were considered, the diagnostic yield of blood cultures
was 23%. In 16 cases (7%) blood cultures were
the only means of diagnosis (most frequently
due to isolation of Gram negative bacilli and
MRSA).
Detection of pp65CMV antigen in peripheral blood mononuclear cells was performed in
91 (45%) patients (47 HSCT recipients, 23
with haematological malignancies, and 21 solid
organ transplant recipients) and was positive in
seven of the eight cases of confirmed CMV
pneumonitis. In three other cases with no
evidence of CMV pneumonitis pp65CMV

Aetiological diagnosis in relation to the underlying immunosuppressed condition

Bacterial
Viral
Fungal
Polymicrobial
Other infectious aetiologies†
Pulmonary oedema
DAH
BOOP
Other non-infectious aetiologies‡
Undetermined

HSCT

Haematological
malignancies

Solid organ
transplantation

CIS

Total

6 (11%)
11 (21%)
7 (13%)
3 (6%)
1 (2%)
3 (6%)
5 (9%)
1 (2%)
3 (6%)
13 (24%)

16 (24%)
6 (9%)
13 (19%)
1 (2%)
3 (4%)
3 (4%)
2 (3%)
2 (3%)
4 (6%)
17 (25%)

18 (35%)
1 (2%)
6 (12%)
9 (17%)
1 (2%)
10 (19%)
2 (4%)
–
–
5 (10%)

8 (30%)
2 (7%)
7 (26%)
2 (7%)
4 (15%)
–
–
1 (4%)
–
3 (11%)

48 (24%)
20 (10%)
33 (17%)
15 (7%)
9 (5%)
16 (8%)
10 (5%)
4 (2%)
7 (3%)
38 (19%)

HSCT = haematopoietic stem cell transplantation; CIS = chronic immunosuppressive treatment; DAH = diVuse alveolar haemorrhage; BOOP = bronchiolitis obliterans organising pneumonia.
†Other infectious aetiologies include tuberculosis (n=5), P carinii pneumonia (n=4).
‡Other non-infectious entities include pulmonary involvement of Hodgkin’s disease (n=3), drug toxicity due to bleomycin (n=2),
alveolar proteinosis (n=1), and sarcoidosis (n=1).
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hyphae were identified by culture or by
cytological evaluation of a Gram stain in at
least two diVerent respiratory samples, or when
there was histological evidence for fungal
pneumonia or positive blood cultures.20
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Table 3 Infectious aetiologies in 125 patients diagnosed
during lifetime or at necropsy
No of
pathogens

12
2
2
1
1
1
2

17
5
2
1
1
1
2

6
6
2
2
1
1

7
12
2
3
1
1

1
2
2

1
2
2

20
1
1
8
1
1
1
1

29
1
1
12
1
1
2
1

Viral
Cytomegalovirus
Influenza A virus
RSV
Parainfluenzae virus type 3
Virus herpes simplex (VHS)-1
Varicella zoster virus*
Enterovirus

6
5
3
2
1
1
1

8
8
3
2
1
–
1

Others
P carinii
M tuberculosis

4
5

4
5

Bacterial
Gram positive
S aureus
S pneumoniae
E fecalis
E faecium
G morbillorum
S constellatum
N asteroides
Gram negative
E coli
P aeruginosa
S marcescens
A baumanii
C freundii
M morganii
Other bacteria
M pneumoniae
C pneumoniae
L pneumophila
Fungal
A fumigatus
A niger
A flavus
C albicans
C kruseii
C tropicalis
S prolificans
P purpurogenum

Mixed infections
Aspergillus sp + MRSA
Aspergillus sp + P aeruginosa
E coli + K pneumonia + S maltophila
Aspergillus sp + CMV
C freundii + P aeruginosa
MRSA + E fecalis
A baumanii + P aeruginosa
A flavus + E faecium + CMV
A fumigatus + S pneumoniae
A niger + E coli + MRSA
A fumigatus + VHS-1
C tropicalis + A fumigatus +
P aeruginosa

3
2
1
1
1
1
1
1
1
1
1
1

*Diagnosed by clinical criteria.

antigen was also positive. Serum Aspergillus spp
galactomannan antigen detection was performed in 54 (27%) patients (46 HSCT recipients or with haematological malignancies) and
was positive in six of seven cases with
confirmed pulmonary aspergillosis and in two
without evidence of pneumonia by this pathogen. Two cases of C pneumoniae, one case of M
pneumoniae, and one case of L pneumoniae
infection were diagnosed by serological tests
and urinary antigen detection, respectively.
One of the cases of C pneumoniae was also confirmed by polymerase chain reaction (PCR)
detection in the pharyngeal swab.
Nasopharyngeal wash was performed in 50
(25%) patients (19 HSCT recipients, 26 with
haematological malignancies, and four solid
organ transplant recipients) and led to a
definite diagnosis in nine (18%) cases (table 4).
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BRONCHOSCOPIC TECHNIQUES

Fibrobronchial aspirates (FBAS) were obtained from 28 non-intubated patients and
gave 16 positive results (57%), with the
isolation of a single microorganism in 15 cases
and two in another case (table 4).
Protected specimen brush (PSB) specimens
were obtained from 125 cases and cultures
yielded high colony counts (>103 cfu/ml) of
diVerent microorganisms in 30 cases (24%)
(four cases with two simultaneous microorganisms) (table 4). Although the overall diagnostic
yield for PSB was 24%, and increased up to
43% in those with an infectious aetiology, in
only one case was PSB the only technique to
provide a definite diagnosis.
Bronchoalveolar lavage (BAL) was performed in 135 cases, giving an overall diagnostic yield of 51% (68/135) which increased to
69% (56/81) in those with an infectious
aetiology (table 4). Furthermore, in 12 cases in
which no microorganisms were detected, the
recovered BAL fluid enabled a diagnosis to be
made of a non-infectious cause of the pulmonary infiltrates: diVuse alveolar haemorrhage in
10 patients, one case of eosinophilia due to
pulmonary toxicity secondary to the administration of bleomycin, and one case of alveolar
proteinosis. In 26 cases (20%) BAL was the
only technique that provided a definite diagnosis.
Transbronchial biopsy (TBB) specimens
were obtained from 11 selected cases and
resulted in a specific diagnosis in six cases
(55%): two cases of BOOP, two of pulmonary
involvement of Hodgkin’s disease, and two
cases of bacterial pneumonia. Bronchial biopsy
(BB) specimens were obtained in three patients
and showed one case of A fumigatus, one of C
tropicalis, and one of methicillin resistant S
aureus (MRSA) pneumonia.
Videothoracoscopic lung biopsy specimens
were taken in two cases, resulting in the
diagnosis of one case of pulmonary tuberculosis and one case of BOOP.
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No of
cases

Pathogens

All cases diagnosed by NPW were also
diagnosed by BAL, except one case of RSV.
Sputum analysis was performed in 96
patients but only 88 samples were accepted for
microbial analysis, 27 of which (22 spontaneous, five induced) resulted in a positive culture
(31%). When only the group of infectious pulmonary infiltrates was considered, this percentage increased to 46%. Sputum culture was the
only technique that gave a definite diagnosis in
10 cases (8%).
Tracheobronchial aspirates (TBAS) were
obtained in 55 patients on mechanical ventilation with 35 positive results (64%). All of these
were in the group with an infectious aetiology
(table 4). In 11 cases (9%) TBAS was the only
technique that provided a definite diagnosis.
The overall diagnostic yield of non-invasive
techniques was 40% and this percentage
increased to 46% when we evaluated only those
cases in whom the pulmonary infiltrates had an
infectious aetiology.
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Table 4 Pathogens isolated with the diVerent techniques employed in respiratory samples*
Pathogens

NPW
(n=50)

TBAS
(n=55)

7
3

6
1
1

7
3
1

2

6
1
1
1

PSB
(n=125)

BAL
(n=135)

Total pathogens
isolated

8
1
1

11

17
3
2
2

2
1
1

4
2
3

11
2
3
1
1
1
1
1
1
2

2
6

1

Fungal
A fumigatus
A flavus
A niger
C albicans
C tropicalis
C glabrata
P purpurogenum
S prolificans
Viral
Cytomegalovirus
Influenza A virus
RSV
Parainfluenzae virus type 3
Enterovirus
VHS-1

FBAS
(n=28)

2

1

1

1
1

7
2

3
2

5
3
1

Others
P carinii
M tuberculosis

2

1

12
1

1

1
1

1

1

10

12

5

6

1

1

1
6
1
1
1
1

30
1
1
8
1
1
2
2

5
8
2
2
1
1

8
8
3
2
1
1

4
1

4
5

NPW = nasopharyngeal wash; FBAS = fibrobronchial aspirate; TBAS = tracheobronchial aspirate; PSB = protected specimen
brush; BAL = bronchoalveolar lavage; RSV = respiratory syncytial virus; VHS-1 = virus herpes simplex-1.
*Some organisms were simultaneously isolated with more than one technique and some of these techniques (FBAS, TBAS, PSB,
and BAL) allowed the identification of more than one organism.

Necroscopic examination was performed in
19 of the 81 patients. Aspergillosis was identified in five cases and CMV pneumonitis in one,
none of which had been diagnosed before
death. Three cases of pulmonary aspergillosis
(one with associated CMV pneumonitis not
diagnosed before death), two of Pseudomonas
sp, three of CMV pneumonitis with diVuse
alveolar damage, and one of C tropicalis were
confirmed. In four cases the necropsy showed
diVuse alveolar damage with negative cultures.
OPTIMISATION OF PROCEDURES PERFORMED

With the aim of optimising the application of
the diVerent procedures included in the study,
Table 5

Impact of diagnostic techniques on the treatment of pulmonary infiltrates*

Diagnostic technique

No positive/
no performed (%)

Modification of
treatment, n (%)

Blood cultures
CMV antigen detection
Aspergillus antigen detection
NPW
Sputum
FBAS
TBAS
PSB
BAL
TBB
VTC biopsy

30/191 (16%)
11/91 (12%)
8/54 (15%)
9/50 (18%)
27/88 (31%)
16/28 (57%)
35/55 (64%)
30/125 (24%)
68/135 (51%)
6/11 (55%)
2/2 (100%)

4 (5%)
5 (5%)
1 (1%)
1 (1%)
11 (12%)
4 (4%)
24 (26%)
2 (2%)
35 (38%)
4 (4%)
2 (2%)

NPW = nasopharyngeal wash; FBAS = fibrobronchial aspirate; TBAS = tracheobronchial
aspirate; PSB = protected specimen brush; BAL = bronchoalveolar lavage; TBB = transbronchial
biopsy; VTC = videothoracoscopic.
*In some patients treatment changes were due to the results obtained with several diagnostic procedures simultaneously.
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we selected those 138 patients in whom a specific diagnosis was obtained using the noninvasive and bronchoscopic techniques, excluding those cases in whom the diagnosis was
obtained by clinical criteria such as pulmonary
oedema and those diagnosed by TBB, VTC, or
necroscopic examination. In 61 of these 138
patients (44%) it was possible to achieve the
diagnosis using only non-invasive procedures
(including blood, serological tests, and antigen
detection in blood, NPW, sputum, and TBAS
cultures). The remaining 91 diagnoses (66%)
required the use of diVerent bronchoscopic
procedures. No diVerences in clinical and
radiographic characteristics were observed
between the group of patients diagnosed by
non-invasive procedures and those requiring
bronchoscopic procedures. In the subgroup of
patients diagnosed by means of bronchoscopic
procedures, BAL had the highest diagnostic
yield, providing 94% (65/69) of the diagnoses
(including 100% of the non-infectious pulmonary infiltrates). Although PSB gave a diagnosis in 46% (29/63) of the population, all but
one of the cases could also be diagnosed by
BAL. The diagnostic role of FBAS cannot be
properly ascertained in this population since
the procedure was only performed in 19
patients, providing a diagnosis in 14 (74%);
however, in none of these 14 cases did the
results of PSB add diagnostic information to
that already obtained by FBAS.
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Bacterial
Gram positive
S aureus
S pneumoniae
E fecalis
N asteroides
Gram negative
P aeruginosa
S marcescens
A baumanii
C freundii
M morganii
E coli
S maltophilia
H influenzae
K pneumoniae
L pneumophila

Sputum
(n=88)
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COMPLICATIONS

IMPACT OF DIFFERENT DIAGNOSTIC TECHNIQUES
ON TREATMENT OF PULMONARY INFILTRATES

Empirical treatment was modified in 93 of the
200 cases (46%) because of the results
obtained with the diVerent techniques used.
Overall, non-invasive procedures caused a
change in treatment in 45 of the 93 cases
(48%) whereas bronchoscopic techniques resulted in changes in 48 cases (52%). In 19
cases it was the result of both non-invasive and
bronchoscopic techniques that resulted in a
change in treatment (table 5). BAL and TBAS
had the greatest impact with treatment modifications in 38% (35/93) and 26% (24/93),
respectively. The most common reason for
changing treatment was the isolation of a
microorganism not covered by the empirical
treatment. This occurred in 56 cases (60%)
and was mostly attributable to isolation of
Aspergillus sp, viruses, M tuberculosis, and
MRSA. In 18 cases (20%) the reason for
changing the empirical treatment was the
isolation of a resistant strain. Finally, in 19
cases (20%) the empirical antibiotic therapy
was discontinued after diagnosing a noninfectious cause of pulmonary infiltrates (10
cases of diVuse alveolar haemorrhage, four of
BOOP, two of pulmonary lymphoma, two of
pulmonary toxicity resulting from bleomycin,
and one of alveolar proteinosis).
OUTCOME

Eighty one of the 200 patients (40%) included
in the study died as a result of the pulmonary
complication. Mortality in patients requiring
mechanical ventilation was higher (73/95,
77%) than in those not requiring it (8/105, 7%;
p<0.0001), being particularly high in HSCT
recipients in whom the mortality rate reached
96% (26/27). Sixty four of the 125 patients
with pulmonary infiltrates with an infectious
aetiology died (51%) compared with only six of
the 37 patients with a non-infectious aetiology
(16%; p<0.0001). The mortality rate in
patients in whom a specific diagnosis of the
pulmonary infiltrates was established was 43%
(70/162) compared with 29% (11/38) in those
in whom a diagnosis could not be established
during their lifetime (p=NS).
There was no relationship between the mortality rate and the specific aetiology of the pulmonary infiltrates. The mortality rates in
patients with fungal, polymicrobial, viral, and
bacterial pneumonia were 67%, 66%, 51%,
and 42%, respectively (p=NS). There were no
deaths among patients with pulmonary tuberculosis, BOOP, or diVuse alveolar haemorrhage.
A significant diVerence in mortality was
observed between patients in whom the
diagnosis was established during the first 7
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days (median value for the delay in establishing
the diagnosis of the overall population) and
those in whom the diagnosis was established
later on. In the first group the mortality rate
was 34% (29/85) compared with 53% (41/77)
in those in whom the delay in diagnosis was
longer than 7 days (p=0.017). The observed
diVerence in mortality depending on the delay
in obtaining the diagnosis was probably related
to the implications of an early change in
empirical treatment. Thus, when we evaluated
only patients requiring a change in empirical
treatment (n=93) we observed that those in
whom this change was instituted during the
first 7 days had a lower mortality rate (14/42,
30%) than patients in whom the change was
established later (32/51, 70%; p=0.007). This
was particularly apparent in the 76 patients
with pulmonary infiltrates with an infectious
aetiology: mortality rate of 29% (13/34) in
those in whom the pulmonary infection was
diagnosed in the first 7 days compared with
71% (32/42) in patients in whom the pulmonary infection was diagnosed later (p=0.001).
Discussion
This study shows that the simultaneous use of
non-invasive and bronchoscopic procedures
results in a specific diagnosis being made in
most cases of pulmonary infiltrates in immunocompromised patients. Furthermore, obtaining
a specific diagnosis early in the course of the
disease allows the empirical treatment to be
changed in a high percentage of cases (46%)
and may improve the survival of these patients.
Using this diagnostic approach, we have
diagnosed 81% of the episodes of pulmonary
infiltrates, which compares favourably with
49% obtained 10 years ago by our group in a
similar population.9
In our population the main cause of the pulmonary infiltrates was infection which constituted 77% of the episodes diagnosed. Bacterial
infections and, specifically, those caused by S
aureus (mainly MRSA) and Gram negative
bacilli (mainly P aeruginosa) were the most frequent infectious aetiologies found. Since bacteria represent the most prevalent threat to
immunocompromised patients, each institution should define the empirical antibiotic
treatment based on its own data.21–23
Fungal species, especially Aspergillus spp,
represented the second most frequent infectious cause of pulmonary infiltrates in the
present study. Death from Aspergillus pneumonia in immunosuppressed patients is exceedingly high, reaching 85% in some series.24 25 In
addition to the severe immunosuppression, this
poor outcome may be partially explained by
the delay in establishing the diagnosis and
starting specific treatment.26 Although evidence of tissue invasion by fungi has classically
been required to confirm the diagnosis, the
presence of Aspergillus species in sputum or
bronchial lavage cultures,27 as well as the
detection of galactomannan fungal antigen,28
should be considered indicative of invasive disease until proved otherwise and warrants institution of specific therapy. In the present series
Aspergillus pneumonia was diagnosed on 18
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There were only three mild complications as a
result of the FOB exploration: one patient with
self-limited epistaxis, one with a moderate
bronchial haemorrhage following transbronchial biopsy, and hypoxaemia requiring high
flow oxygen by mask for 12 hours in a third
patient.
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a good diagnostic yield in immunocompromised patients. In contrast, PSB gave few positive results (24%), many of them also achieved
by BAL or FBAS. In only one case was PSB the
technique that led to changes in treatment.
Bronchoalveolar lavage has been established
as a reliable technique for the diagnosis of pulmonary infiltrates in the immunosuppressed
host, specifically for detecting opportunistic
infectious such as P carinii and CMV and also
for bacteria.9 32 In the present series most
episodes of pneumonia caused by opportunistic pathogens were diagnosed by BAL. Although this technique has been criticised by
some authors because the impact on survival is
disappointingly poor,16 17 33 BAL has a high
diagnostic yield for infections and provides
enough material to diagnose alternative noninfectious aetiologies. Specifically, in our population BAL provided the diagnosis in 10 cases
of diVuse alveolar haemorrhage, one case of
pulmonary toxicity due to bleomycin, and in
one case of alveolar proteinosis.
Although TBB specimens are not routinely
taken from immunocompromised patients in
our centre, it has clear indications in specific
cases such as those with nodular, localised or
patchy infiltrates on the chest radiograph. In
the present series TBB not only gave a specific
diagnosis in six of the 11 patients in which it
was performed, but also allowed a change in
the treatment in four cases (two with pulmonary lymphoma, two with BOOP).
Compared with our previous series,9 the
current diagnostic techniques employed increased the percentage of treatment changes
from 31% to 46%. However, there was no difference in mortality when patients with and
without changes in treatment due to the results
obtained with the diVerent diagnostic procedures employed were compared. The lack of
impact of invasive diagnostic techniques on
survival has been claimed by some authors to
be the major reason for not performing them in
immunocompromised patients.16 Moreover,
complications and morbidity secondary to
bronchoscopy have been described in this
setting.17 We suggest that the treatment of
infectious pulmonary infiltrates in immunocompromised patients has a poor outcome
because specific drugs are usually administered
late in the evolution of the illness. In fact, we
found a significant decrease in mortality in
those patients with an infectious aetiology in
whom an early diagnosis (7 days from the
initiation of the pulmonary infiltrates) caused a
change in treatment (29%) compared with
those in whom this diagnosis was obtained
after 7 days (71%). Although it seems logical,
based on these results, to recommend the early
use of diagnostic techniques to improve the
clinical outcome, further specifically designed
studies are needed to try to answer this critical
question. Confounding factors such as the
judgement of clinicians in charge to try diVerent treatments in the face of clinical deterioration might associate changes in treatment with
worse prognosis in the present study.
Based on the results obtained, our recommendation is to use simple non-invasive
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occasions without tissue confirmation and
antifungal treatment was instituted immediately, resulting in a mortality rate of 67%.
Whether this approach can improve the
outcome of pulmonary aspergillosis remains to
be demonstrated in well designed prospective
series. The diagnosis of Candida pneumonia is
even more controversial than Aspergillus pneumonia.20 Although we cannot exclude the
possibility that some of the 12 cases of pulmonary candidiasis represent airway colonisation,
three had tissue confirmation and five had
positive blood cultures which further supported the diagnosis.
Viral pneumonia accounted for 20 episodes
of pulmonary infiltrates, CMV being the most
frequent aetiological agent.12 Evidence has
been accumulating that community respiratory
viruses such as respiratory syncytial virus,
influenza virus, parainfluenza virus11 13 and
adenovirus also play an important role in the
aetiology of respiratory infiltrates in transplant
recipients and that infection with these organisms may explain some of the pneumonic
episodes previously classified as idiopathic.11 In
the present series the rapid detection of parainfluenza virus in respiratory samples from two
patients allowed us to initiate treatment with
aerosolised ribavirin immediately, with a favourable outcome in both cases. So far, the role
of any virus other than CMV or herpes simplex
virus has been poorly defined. In the series
published 10 years ago by our group,9 which
included 113 episodes of pulmonary infiltrates
in 93 immunosuppressed patients, viral investigations were restricted to the identification by
culture of CMV and the cytopathological
changes produced by CMV in cells recovered
from the BAL fluid. Recently, new diagnostic
tools such as quantitative PCR assays and fluorescein conjugated monoclonal antibodies have
been developed, permitting the rapid detection
of diVerent viruses that are frequently associated with a high rate of morbidity and
mortality.10 The systematic application of new
techniques for virus identification in the
present series most probably accounts for the
increase in the overall diagnostic yield compared with our previous experience.9
Another important finding of the present
study is that cultures of TBAS in intubated
patients were helpful in determining the
aetiology of pneumonia. Traditionally, TBAS
cultures have not been considered specific
enough to diagnose lower respiratory tract
infections due to the presence of bacterial
colonisation of both lower and upper airways.
However, researchers from our institution29
and others30 have shown that, using quantitative cultures, the aetiology of bacterial pneumonia can be accurately ascertained in mechanically ventilated patients using TBAS
cultures. In the present series we have confirmed the usefulness of TBAS cultures in
immunocompromised patients, obtaining a
diagnosis in 64% of intubated patients investigated. Further studies are needed to clarify the
usefulness of TBAS and to compare it with
other techniques such as blind BAL31 which
also does not rely on a bronchoscopist and has
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procedures as a first step in the diagnosis of
pulmonary infiltrates in the immunocompromised patient. These non-invasive procedures
should include blood, sputum, and NPW
cultures as well as TBAS in patients on
mechanical ventilation. The use of noninvasive techniques provides the diagnosis in
44% of the cases and constitutes a good alternative in those patients with contraindications
for a bronchoscopic exploration. Because of the
importance of obtaining a diagnosis with minimum delay, BAL should always be performed
when possible as this endoscopic procedure has
a high diagnostic yield for both infectious and
non-infectious aetiologies. The use of PSB
could be avoided since it does not contribute to
increasing the diagnostic yield of BAL. This
rather expensive technique could probably be
replaced by a more simple FBAS. Finally, provided no contraindications exist, selected
patients should be submitted to transbronchial
biopsies as a step before surgical procedures.
In summary, the use of both non-invasive
and bronchoscopic procedures substantially
increases the diagnostic yield of pulmonary
infiltrates, causing changes in the empirical
treatment in the majority of patients. Survival
in patients who require a change in treatment
seems to be higher when the specific diagnosis
is established early in the course of the disease.
However, further studies are needed definitively to confirm the importance of an early
diagnosis on the clinical outcome in immunocompromised patients with pulmonary complications.

