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Fractional analysis of bronchoalveolar lavage fluid cytology in cystic fibrosis patients with
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ABSTRACT: Cystic fibrosis (CF) is associated with a neutrophil dominated airway
inflammation. So far bronchoalveolar lavage (BAL) studies in CF have used pooled
BAL samples which may be more representative of the alveolar compartment rather
than the airways.
To assess whether the first sample of a BAL is more sensitive in the evaluation of
airway inflammation, the authors have studied 105 stable CF patients aged 5±37 yrs
with a mean forced expiratory volume in one second (FEV1) of 9615% (meanSD).
BAL cytology of the first and pooled samples were compared to reference values
obtained in children without respiratory disease.
Absolute cell counts and the percentage of neutrophils were significantly increased
in CF patients. If the 95% confidence interval was used as a cut-off point, 17/105 CF
patients had a normal percentage of neutrophils in pooled BAL samples, but only
three also had a normal percentage of neutrophils in the first BAL aliquot.
Therefore, neutrophil dominated airway inflammation is more pronounced in the
first, mainly bronchial, bronchoalveolar lavage sample suggesting that sequential
analysis of bronchoalveolar lavage fluid may have a higher sensitivity to detect early
inflammatory changes in CF patients.
Eur Respir J 2000; 15: 141±145.

Cystic fibrosis (CF) is an obstructive lung disease
characterized by chronic productive cough and recurrent
respiratory infections. Recent studies with bronchoalveolar
lavage (BAL) have shown that neutrophil dominated airway inflammation is a common finding even in clinically
stable patients as well as in infants, diagnosed by newborn
screening, who lack clinical evidence of respiratory disease
[1±3]. Whether this inflammatory process is directly
related to the defect in the cystic fibrosis transmembrane
regulator (CFTR) or secondary to bacterial infections is
unclear and is the subject of an ongoing discussion [4±6].
The natural history of early airway inflammation in CF
remains poorly defined. Histological data from patients
with limited respiratory disease as well as lung function
studies suggest that the disease process starts in the small
airways rather than in the lung parenchyma [7, 8]. The
expression of the CFTR protein follows the same regional
distribution as it is primarily expressed in bronchial tissue
and not in alveoli [9, 10]. BAL is a technique mainly used
to assess processes involving the lung parenchyma, as
most of the recovered cellular and noncellular material is
obtained from this region of the respiratory tract [11, 12].
Studies in children and adults without lung disease have
shown that the first recovered BAL aliquot is of more
bronchial origin and may therefore be of interest when
studying diseases mainly involving the conducting air-
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ways [13, 14]. So far, BAL studies of CF patients have
used pooled specimens of the returned fluid [1, 2, 5, 6,
13] which may not adequately reflect the changes seen in
the airways, especially in patients with limited disease. To
assess whether fractional analysis of BAL fluid may be a
more sensitive way of detecting airway inflammation, the
authors have studied BAL cytology in 105 clinically
stable CF patients with good pulmonary function.
Material and methods
Patients
Patients included in this analysis were studied as a baseline assessment for the bronchoalveolar lavage for evaluation of anti-inflammatory treatment (BEAT) study which
aimed to assess the natural course of airway inflammation
in CF patients with normal lung function and its possible
modulation by dornase alpha. The study population consisted of 105 CF patients (53 female/52 male) aged 5±37
yrs (mean ageSD: 11.85.4 yrs). Only 10 of these patients
were older than 15 yrs of age. The diagnosis of CF had
been confirmed by repeated sweat test with chloride concentrations exceeding 60 mmol.L-1. Genetic analysis for
the 10 most prevalent CFTR mutations in Germany was
available in 96 of the 105 patients (table 1). Patients were
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Table 1. ± Mutation analysis of the study population
Genotype

n

DF508 homozygeous
DF508 compound
Heterozygeous
Other known genotypes
Unidentified mutation

66
19

ND
ND:

6
5
9

not done.

eligible for this study if they were at least 5 yrs of age and
had normal lung function defined by forced expiratory
volume in one second (FEV1) >80% predicted (table 2)
[15]. Patients receiving anti-inflammatory treatment (ibuprofen, systemic or inhaled corticosteroids and a1-antitrypsin) as well as patients with evidence of allergic
bronchopulmonary aspergillosis were not included in this
study. All patients had to be free of acute respiratory
infections and pulmonary exacerbations prior to entry in
this study for at least 6 weeks. Patients were recruited in
the five participating centres (Berlin, Cologne, Essen,
Hannover and Munich, Germany) over a period of 15
months. The study was approved by the local Ethics
Committees of all participating centres; written informed
consent by both parents and/or the patients was obtained
in all cases. Lung function tests were performed at least
twice in the 3 months prior to entry of the study to
confirm that patients were clinically stable.
Bronchoalveolar lavage
Bronchoalveolar lavage was performed via a flexible
bronchoscope with an outer diameter of 3.5 mm in patients
<10 yrs of age and a 4.9 mm diameter in older patients.
Topical anaesthesia was achieved via inhalation of 2±4 mL
of a 4% lignocaine solution prior to BAL and 1±4 mL of
2% lignocaine as needed while introducing the bronchoscope into the airways. Patients were sedated with midazolam (0.2±0.3 mg.kg body weight-1) in two centres, a
combination of midazolam and pethidin (0.5 mg.kg body
weight-1) in one centre and propofol (loading dose of 2
mg.kg body weight-11 and repeated doses of 10 mg) in
one additional centre. In the remaining centre BAL was
performed under general anaesthesia with nitrous oxideoxygen mixture with 2.5 volume (vol) percentage halothane. To standardize the BAL procedure, the first BAL
Table 2. ± Pulmonary function parameters in per cent
predicted for the population of cystic fibrosis
Lung function parameter
% predicted* [16]

MeanSD

FVC
FEV1
MEF25%VC
MEF25±75

9914%
9615%
7734%
9146%

FVC: forced vital capacity; FEV1: forced expiratory volume in
one second; MEF25%VC: maximal expiratory flow at 25% of
the vital capacity; MEF25±75: maximal expiratory flow when
25±75% of the lung volume remains to be exhaled. *: per cent
predicted values are taken from [16].

was supervized by one of the investigators (F. Ratjen) in all
participating centres.
The bronchoscope was wedged in the lingula or one of
its segments in all patients. BAL was performed as described before with 3 mL.kg body weight-1 normal saline
warmed to body temperature [16]. In children weighing
<20 kg, 361 mL.kg-1 of normal saline was instilled and
immediately withdrawn by gentle manual suction. In
children weighing >20 kg, BAL was performed in aliquots of 20 mL syringes up to a total volume of 3 mL.kg
body weight-1. The first aliquot of the recovered BAL
fluid was treated separately; all other samples were
pooled for analysis.
Bacterial cultures were obtained on 2 mL of the first
BAL fluid sample prior to filtration. Rather than using 105
bacteria as a cut-off point, the authors have considered CF
pathogens in BAL fluid to be of relevance regardless of
bacterial counts, which is similar to the approach used in
previous studies of CF patients [1, 2, 5]. The first and
pooled samples were filtered through one layer of sterile
gauze to remove mucous. BAL fluid was centrifuged at
5006g for 10 min. The cell suspension of both the first
and the pooled BAL sample was washed three times in
Eagle's minimal essential medium (MEM) containing
0.2% bovine serum albumin (BSA) and 0.1% ethylene
diamine tetra-acetic acid EDTA or in Hank's solution and
resuspended in MEM. Bronchoalveolar cells were counted with a cell counter and cell viability was assessed by
trypan exclusion. Differential cell counts were obtained
from smears stained with May-GruÈnwald Giemsa. At
least 600 cells were counted in each subject.
BAL cytology of both the first and the pooled sample
were compared to reference values obtained with the same
BAL protocol in a population of 48 children aged 3±15 yrs
undergoing BAL during elective surgery for nonpulmonary illnesses [16].
Statistics
All data were tested for normal distribution with the
Kolmogorov-Smimov test. Results were expressed as
meanSD. The median is also reported for all data. Because
of the nonparametric distribution of most BAL parameters,
differences between the populations were assessed with the
Wilcoxon Mann-Whitney U-test. A p-value of <0.01 was
considered statistically significant.
Results
The bacterial pathogens cultured from BAL fluid in the
CF patient population are displayed in table 3. Seventyfive of 105 patients had bacteria in BAL fluid with
Staphylococcus aureus being the predominant pathogen
in the lower airways. However, 30 patients were colonized with Pseudomonas aeruginosa. Co-colonization
of S. aureus and P. aeruginosa was found in 11 cases; of
S. aureus and Haemophilus influenzae in 16 cases.
The BAL cytology is shown in table 4. Overall total cell
counts were significantly higher in CF compared to the
reference population. The percentage of neutrophils as
well as total cell counts were increased both in the first
and pooled BAL sample (table 4). There was a significant
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Table 3. ± Microbiology of bronchoalveolar lavage (BAL)
fluid
30
51
21
7
4
6
30

correlation (r=0.58, p<0.001) between the percentage of
neutrophils in the first and the pooled sample for CF
patients, although marked differences were observed in
individual cases (fig. 1). The percentage of lymphocytes
and macrophages were significantly lower (p<0.001) in
both the first and the pooled BAL sample, but absolute
lymphocytes counts were not different from the control
group. Since the percentage of neutrophils in both the first
and pooled BAL sample followed a normal distribution
after log transformation, the 95% confidence interval of
the reference population was chosen as a cut-off point to
define the normal range. Using this approach 17/105 CF
patients had a normal percentage of neutrophils in pooled
BAL samples, but only three of these also had a normal
percentage of neutrophils in the first BAL sample.
There was no significant correlation between the percentage of neutrophils in BAL fluid and age or lung
Table 4. ± Bronchoalveolar lavage (BAL) cytology in cystic fibrosis (CF) patients compared to the reference population [16].
Sample

Macrophages first
pooled
Lymphocytes first
pooled
Neutrophils

first
pooled

Eosinophils

first
pooled

Total cells
6104.mL-1
Recovery %

■

first
pooled
first
pooled

CF

Reference
population

meanSD
(range;
median)

meanSD
(range;
median)

4129
(0±94; 40)
6323
(2±96; 65)
56
(0±31; 3.5)
87
(0±39; 5.5)
5230
(0±100; 56)
2923
(0±91; 26)
0.60.9
(0±3.4; 0.1)
0.50.8
(0±5; 0)
82155
(0.1±920; 33)
3444
(0.1±210; 19)
3215
(5±70; 30)
6421
(10±99; 70)

8411
(55±99; 87)
8113
(35±96; 84)
108
(0±36; 8)
1612
(2±61; 12.5)
45
(0±19; 2)
23
(0±17;1)
0.71.4
(0±7.2; 0.2)
0.40.6
(0±3.6; 0.2)
6.54
(1.2±70; 4)
10.311
(0.5±57; 7.3)
3613
(13±59; 36)
6518
(22±96; 69)

p-value
Wilcoxon
test
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Fig. 1. ± Linear regression analysis of the first versus the pooled
bronchoalveolar lavage (BAL) fraction in cystic fibrosis (CF) patients.
Each symbol represents one individual. Despite a significant positive
correlation between the two parameters, considerable variability was
observed in individual patients. ÐÐÐ : regression lines; ± ± ± ± : 95%
confidence intervals. r=0.58, p<0.001.

function parameters (forced vital capacity (FVC), FEV1
and maximal expiratory flow at 25% of the vital capacity
(MEF 25%VC) and there was no difference in neutrophils
between CF patients with normal MEF 25%VC and those
with reduced values. There was no correlation between
neutrophil percentages and age in CF patients and no
differences were observed between patients studied under
general anaesthesia and those receiving sedatives. Patients
in whom bacteria were found in BAL fluid had a significantly higher percentage of neutrophils in both the first
and pooled BAL sample when compared to those with
negative bacterial cultures (fig. 2). When P. aeruginosa
positive and negative patients were compared, there was
no difference in either total cell counts or the percentage
of individual cell populations of both the first and the
pooled BAL sample.

<0.0001
<0.0001

100

<0.0001

■
■
■■■

<0.0001
<0.0001
<0.0001
0.57
0.53

75
Neutrophils %

Pseudomonas aeruginosa
Staphylococcus aureus
Haemophilus influenzae
Other bacteria
Aspergillus fumigatus
Candida species
None

Cell type

■

n

First fraction %

Pathogens

100

50

25

<0.0001
<0.0001
0.08
0.97

Cell types are mentioned in percentages; total cells in absolute
numbers.
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Fig. 2. ± Percentage of neutrophils in pooled bronchoalveolar lavage
(BAL) samples in cystic fibrosis (CF) patients with and without bacteria
in BAL cultures. Each symbol represents one individual; the horizontal
lines represent the mean of each group. The percentage of neutrophils
was significantly higher in CF patients with positive bacterial cultures. #:
p<0.004, Wilcoxon test.
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Fig. 3. ± Percentage of neutrophils in pooled bronchoalveolar (BAL)
samples in cystic fibrosis (CF) patients homozygous and compound
heterozygous for the DF508 mutation. Each symbol represents one
individual; the horizontal lines represent the mean of each group. The
percentage of neutrophils was significantly higher in DF508 homozygous CF patients. #: p<0.003. Wilcoxon test.

As illustrated in the Material and methods section, most
patients were homozygous for the DF508 mutation followed by a group of patients compound heterozygeous for
DF508 (table 1). These two groups did not differ in terms
of lung function and the percentage of patients positive
for bacteria in BAL fluid. The absolute number of patients with other genotypes was too low to allow for
statistical analysis of these groups. However, CF patients
homozygous for DF508 had a significantly higher percentage of neutrophils in BAL fluid compared to those
compound heterozygous for DF508 (fig. 3).
Discussion
The present study in a large population of CF patients
confirms previous reports that neutrophil dominated inflammation is common even in patients with normal lung
function and few respiratory symptoms. In contrast to
previous studies of BAL in CF patients with mild lung
disease, the current authors have performed sequential
analysis of BAL samples separating the first, mainly bronchial, fraction which may be of greater relevance for airway diseases than subsequent, more alveolar, samples. The
authors have previously shown in children without lung
disease that the first fraction contains more neutrophils and
less lymphocytes than pooled BAL specimens which is
consistent with a more bronchial origin of the sample [16].
Here the authors could show that in CF patients with mild
lung disease, the neutrophil dominated inflammation is
more pronounced in the first fraction of BAL. The higher
rate of BAL neutrophil counts exceeding the 95% confidence interval of the reference population is in accordance with the concept that CF is primarily a bronchial
disease. Therefore, assessing the first fraction of a BAL
may be more representative for CF airway inflammation,
especially in CF patients with limited disease where
cytology of the pooled BAL may still appear to be within
the normal range.
Similar to the findings by ARMSTRONG and coworkers [5,
6], the current authors could demonstrate that CF patients

with pathogens in their lower respiratory tract have a
higher percentage of neutrophils in BAL fluid. However,
neutrophil cell counts in the current study population
were also elevated in patients with negative respiratory
cultures. This could illustrate both an increased inflammatory response to prior respiratory infections or a proinflammatory milieu generated by the CFTR defect.
Studies using a P. aeruginosa beads model for pulmonary inflammation have demonstrated an augmented
inflammatory response to the infection in CF mice as
compared to control animals [17]. Likewise NOAH et al.
[18] have shown that the response of pro-inflammatory
cytokines in BAL fluid is augmented in CF individuals
when compared to non-CF children with similar numbers
of bacterial pathogens. Whether this is an intrinsic defect
related to the CFTR mutation has yet to be elucidated.
Limited evidence from studies in infants would suggest
that the predominance of neutrophils in BAL fluid
persists throughout infancy and early childhood [19]. The
present study supports the concept that neutrophil dominated inflammation in CF, although more pronounced in
the presence of airway infection, is also present in the
absence of bacterial pathogens.
This study found a significant difference in the percentage of neutrophils between patients homozygous for
DF508 and those compound heterozygous for this mutation. Genotyping was only performed for the 10 most
frequent mutations and the second mutation was unidentified in most of these patients. Nevertheless, it can be
speculated that DF508 heterozygous patients are more
likely to have residual CFTR function which may have a
positive effect on the inflammatory process within the
airways. Larger series of patients have not found clinical
differences in lung function, rate of P. aeruginosa infection
or rate of pancreatic insufficiency between patients homoor heterozygous for DF508 [20]. Likewise, the authors did
not observe any significant difference in these clinical
data as well as the number of patients with bacteria in the
lower respiratory tract between the two groups in this
study.
It is therefore speculated that bronchoalveolar lavage is
capable of delineating subtle changes within the lung that
are not detected by the techniques mentioned above.
Future studies should link techniques reflecting the
inflammatory process in the lung such as bronchoalveolar
lavage with methods assessing cystic fibrosis transmembrane regulator function.
Additional members of the Bronchoalveolar lavage for the
evaluation of Anti-inflammatory treatment BEAT study group. U.
Wahn (Berlin), S. van Koningsbruggen (Cologne), M. ElterSchulz (Essen), P. Tinschmann (Frechen), J. Freihorst, H. von der
Hardt (Hannover), K. Behr (Munich). The BEAT study was
initiated and organized by K. Paul (Berlin).
Acknowledgement. The authors would like to
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