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Summary
Background and Objective Airway inflammation is assessed to monitor progression, control and

treatment of asthma. The collection of exhaled breath condensate (EBC) provides a non-invasive

alternative to induced sputum samples for the monitoring of airway inflammation. Both samples can

be confounded by salivary contamination. The aim of this study was to compare the levels of

inflammatory mediators in samples of EBC, induced sputum and saliva samples from subjects with

asthma.

Method EBC, saliva and induced sputum samples were collected from subjects with asthma

(n5 10). Total protein, IL-8, 8-isoprostane and surfactant protein A (SPA) were assessed in each

sample.

Results Total protein, IL-8, 8-isoprostane and SPA were detected in all sputum samples. Only total

protein and SPA were consistently measured in EBC, with levels at least 100-fold lower than those

measured in induced sputum. In saliva, total protein, SPA and 8-isoprostane were detected in all

samples, with IL-8 detected in 60% of samples.

Conclusions Induced sputum is a reliable technique that can be used to assess markers of airway

inflammation. While EBC is a simple and inexpensive technique to collect lower airway secretions,

the detection of inflammatory mediators is variable, and further work is required to validate this

technique to assess inflammatory mediators.
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Introduction

The assessment of airway inflammation is an important tool
in the management of airway diseases such as asthma.
Strategies adjusting asthma management based on suppres-
sing airway inflammation lead to fewer exacerbations when
compared with a guideline-based management strategy using
symptoms and lung function [1]. Airway inflammation has
been typically assessed using bronchial biopsy, bronchoal-
veolar lavage (BAL) and/or bronchial washing; however, the
invasiveness of these techniques limits their clinical applica-
tion. In more recent times, the technique of induced sputum
has been developed and validated as a reproducible and
reliable way to assess airway inflammation that is relatively
non-invasive [2].
Induced sputum has been used to investigate airway

inflammation in stable asthma and in acute exacerbations
of asthma in both adults [3, 4] and children [5, 6], and has
been shown to be a safe [7–9], effective and reproducible
method [10–13]. It is a simple and useful tool to investigate
airway inflammation, providing information on both the

inflammatory cells present in the airways and inflammatory
mediators. Studies comparing airway inflammation in BAL
with induced sputum have shown them to be similar [14].
However, despite its many advantages, induced sputum is
limited by the time required to collect and process the sample
prior to measurement, and the expertise required is not
readily available in all settings.
The collection of exhaled breath condensate (EBC) has

provided a potential new tool for the assessment of airway
inflammation. It is a simple technique requiring the patient to
breathe tidally via a mouthpiece into a cooled tubing. The
fluid that is condensed from exhaled breath can then be
collected and used for mediator assessment. Exhaled breath
contains many volatile and non-volatile compounds that may
provide useful markers of airway inflammation. Several
devices have been employed for the collection of EBC,
ranging from expensive commercial instruments to more
simple inexpensive systems utilizing a mouthpiece, and tubing
encapsulated in ice. Most devices allow collection of between
1 and 2mL of EBC in 10–15min of tidal breathing, which
makes EBC a rapid technique for sampling the airways.
Saliva is a potential contaminant of both sputum and EBC

and contains both inflammatory cells and mediators. Con-
tamination of induced sputum samples by saliva may lead to
reduced mediator concentrations, but differential cell counts
are relatively robust to the effects of saliva contamination
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[15]. The implications for contamination of EBC by saliva are
unknown. Selecting lower respiratory portions from the
induced sputum samples helps to minimize saliva contamina-
tion from induced sputum samples.
Both IL-8 and 8-isoprostane are important markers of

airway inflammation and oxidative stress in asthma and other
airway diseases. They have been reported to be present in
EBC and sputum, thus making a comparison possible.
Recently, we have found total protein to be useful in
correcting IL-8 levels in sputum for salivary contamination
[15]. We assessed the concentration of SPA as a specific
protein of lung origin, and therefore it may be expected to be
absent from contaminating saliva. Additionally, SPA is an
important innate immune receptor, which has been reported
to be increased in the BAL of subjects with asthma [16].
The aim of this study was to compare concentrations of

inflammatory mediators in samples of EBC and induced spu-
tum from subjects with asthma.We hypothesized that mediators
would be detected more readily and in higher concentrations in
samples of selected induced sputum. We sought to compare
inflammatory mediators in saliva, to assess the potential for
confounding of results by salivary contamination.

Methods and materials

Subjects and design

Non-smoking adults with asthma, who had a doctor’s
diagnosis of asthma plus demonstrated airway hyper-respon-
siveness to hypertonic saline, were recruited (n5 10) from the
John Hunter Hospital Asthma Clinic. An analytical cross-
sectional study design was used. Subjects gave written
informed consent and attended one visit where they under-
went clinical assessment, EBC and saliva collection, spiro-
metry, and sputum induction. The Hunter Area Health
Service and The University of Newcastle Research Ethics
Committees approved this study.

Methods

Samples were collected in the following order:

(a) Exhaled breath condensate was collected using the method
of Formanek et al. [17]. Briefly, subjects were asked to
breathe tidally for 15min into a 55 cm Teflon tubing
(Swagolock, Fluid Systems Technology, Melbourne,
Australia) cooled using ice packs.

(b) Saliva was collected following the EBC collection by
asking participants to chew a cotton roll (Salivette,
Becton Dickinson, North Ryde, Australia) for 30 s, after
which the saliva was collected by centrifugation. The
median (interquartile range (IQR)) yield of saliva was
1.3 (0.6–1.7)mL.

(c) Sputum induction: Spirometry (Minato Autospiro AS-
600; Minato Medical Science Co Ltd, Osaka, Japan) and
combined bronchial provocation testing and sputum
induction with hypertonic saline (4.5%) were performed
as previously described [18]. The median (IQR) time for
sputum induction was 15 (11.3–15)min and a satisfactory
sputum sample was obtained from all subjects.

Sputum analysis: Sputum was selected from saliva and
processed as described [18]. The dispersed suspension was

filtered and a total cell count of leucocytes and viability were
performed, and centrifuged, with the supernatant aspirated
and stored at � 80 1C. Cytospins were prepared, stained
(May–Grunwald Geimsa) and a differential cell count
obtained from 400 non-squamous cells.

Fluid-phase mediator assessment Sputum and saliva total
protein content was determined using a commercial kit
(Pierce Coomassie Plus Protein Assay Kit, Pierce Rockford,
IL, USA). The intra- and interassay coefficient of variation
for sputum total protein was 3% and 10%, respectively. The
Micro BCA

TM

Protein Assay Kit (Pierce Rockford, IL, USA)
was used to determine total protein in EBC samples. The
intra- and interassay coefficient of variation for EBC total
protein was 7% and 11%, respectively. Both assays employed
a standard curve of bovine serum albumin in the range of
100–1500mg/mL (Coomassie) and 0.5–20mg/mL (BCA). IL-8
concentration was determined using a commercial ELISA
(R&D Systems, Minneapolis, MN, USA). The sensitivity was
determined according to the manufacturer’s instructions and
found to be 5.7 pg/mL.

The concentrations of 8-iso-prostaglandin F2a (8-iso-
PGF2a) were determined by enzyme immunoassay (EIA)
(Cayman Chemical, Ann Arbor, MI, USA) with standard
curves using purified 8-iso-PGF2a. The assay has a 4 ng/L
detection limit, uses antiserum that has 100% cross-reactivity
with 8-isoprostane ando0.3% with prostaglandin analogues,
and has been previously used to measure 8-iso-PGF2a in
plasma [19], sputum [20] and expired breath [21].

Surfactant protein A (SPA) was assessed using a previously
described method [22]. Briefly, SPA antigen was coated onto
plates and incubated overnight. Diluted samples and stan-
dards were incubated with primary antibody in a separate
plate. A standard curve ranging from 31.2 to 1000pg/mL was
included in quadruplicate on each run. After 90min, samples/
standards were transferred to the coated plate and incubated
at room temperature, after which the plate was washed and
alkaline phosphatase sheep anti-rabbit IgG added (Sigma, St
Louis, MO, USA). The plates were developed using
phosphatase substrate (Sigma), and optical density (405 nm)
determined. The intra- and interassay coefficient of variation
for sputum SPA was 8% and 14%, respectively, and for EBC
SPA it was 7% and 32%, respectively.

Analysis

Data were analysed using Stata 7 (Stata Corporation, College
Station, TX, USA). Results are reported as median and IQR
unless otherwise indicated. Analysis was performed using the
two-sample Wilcoxon Rank Sum, Kruskal–Wallis test for
more than two groups, and Fischers’ exact test for categorical
data. Associations between data were determined using the
Spearman rank correlation. Results were reported as
significant when Po0.05.

Results

The analysis consisted of 10 subjects with asthma with a mean
(range) age of 49 (22–65) years. Seven (70%) subjects were
female and six (60%) were atopic. Eight (80%) participants
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were taking inhaled corticosteroid treatment with a median
(IQR) daily dose of 1000 (1000–1250)mg fluticasone. Three
(30%) subjects were ex-smokers with an average 31-pack year
history. Participants had a mean (SD) forced expiratory
volume in 1 s percentage predicted of 87%(23%). Half (n5 5)
of the participants had moderate persistent asthma, two had
severe persistent asthma, one mild persistent asthma and the
remaining two had intermittent asthma according to global
initiative for asthma guidelines.
EBC collection resulted in a median (IQR) of 1.5 (1–

2.45)mL of condensate. The pH was determined within
10min of collection and was median (IQR) 7.3 (5.4–8.3).
Total protein was detectable using the Coomassie method

for all saliva and induced sputum samples. No samples of
EBC had detectable protein using the Coomassie method
even with the micro-adaptation, which allows measurement
of protein concentrations as low as 1mg/mL. Nine (90%)

EBC samples had detectable levels of protein using the micro-
BCA protein assay (Table 1). EBC contained significantly
less protein compared with saliva and induced sputum,
while saliva contained significantly less protein than sputum
(Fig. 1a).
SPA was detected in all sputum, saliva and in 8/9 (89%) of

EBC samples tested (P40.05, Table 1). One sample of EBC
and four saliva samples were of insufficient volume to have
the SPA concentration assessed. Levels of SPA when detected
were significantly higher in induced sputum samples com-
pared with both EBC and saliva (P5 0.0002, Fig. 1b). Levels
in EBC were not different to those in saliva.
IL-8 was detectable in all sputum samples, 6/10 (60%) of

saliva samples and 2/8 (25%) of EBC samples tested
(P5 0.003, Table 1). Two EBC samples were of insufficient
volume to have the IL-8 concentration assessed. The median
(IQR) concentration of IL-8 in samples when detected was
increased in sputum 4(2.6–4.8) compared with saliva
0.25(0.22–0.33) and EBC 0.1(0.1–0.1) pg/mL, (Fig. 2a,
kwallis, P5 0.001).
All sputum and saliva samples assessed had detectable

concentrations of 8-isoprostanes, but only 1/9 (11%) EBC
sample had a detectable quantity of 8-isoprostane (Table 1).
One EBC sample and two saliva samples had insufficient
volume to have the 8-isoprostane concentration assessed. The
median (IQR) concentration of 8-isoprostane in induced
sputum and saliva was 75.5 (55.5–219.5) and 174.5 (152–
235) pg/mL, respectively. There was no difference in 8-
isoprostane levels measured in sputum and saliva samples
(Fig. 2b, kwallis, P40.05).
There were no correlations between condensate and sputum

mediators except for SPA, where a significant negative
correlation was observed (r5 � 0.78, P5 0.02, n5 8).

Table 1. Inflammatory mediators detected in EBC, saliva and sputum

samples

Mediator EBC Saliva Sputum P-value

Total protein 9 (90) 10 (100) 10 (100) 40.05

IL-8 2 (25) 6 (60) 10 (100) 0.003

8-isoprostane 1 (11) 8 (100) 10 (100) o0.001

SPA 8 (89) 6 (100) 10 (100) 40.05

Data are number (percent) of samples with a detectable result.

EBC, exhaled breath condensate; SPA, surfactant protein A.
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Fig. 1. (a)Total protein levels in exhaled breath condensate (EBC), saliva
and sputum samples. (b) Surface protein A (SPA) levels in EBC, saliva and
sputum samples. # Po0.01 vs. saliva; *Po0.01 vs. sputum.
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Fig. 2. IL-8 levels in exhaled breath condensate (EBC), saliva and induced
sputum samples. 8-isoprostane in EBC, saliva and induced sputum
samples. # Po0.01 vs. saliva, *Po0.01 vs. sputum. The dashed line
denotes the limit of detection for each assay.
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Discussion

This study assessed the concentrations of inflammatory
mediators in samples of EBC, saliva and saline-induced
selected sputum. We found that the levels of total protein and
SPA were significantly lower in samples of exhaled breath
compared with both sputum and saliva samples. Mediator
levels of IL-8 and 8-isoprostane were detected in small
numbers of EBC samples, but were detected in all sputum
samples and most saliva samples.
Levels of protein in EBC samples have not been reported

for subjects with asthma; however in healthy subjects levels of
protein in EBC are similar around 5.7mg/mL [23]. It is not
clear why protein was undetected using the Coomassie assay.
This may have been because of interfering substances in the
exhaled breath samples, which did not affect the BCA assay.
One of the common substances known to cause interference
in the Coomassie assay is detergent, and the kit protocol
recommends using the BCA assay if the samples show lower
values than expected (Pierce Coomassie product insert). The
other key difference between the two protein assays is the
molecular weight cut-off. The Coomassie protein assay can
only detect proteins of molecular weight43000Da, while the
BCA assay can measure peptides as small as 2000Da. This
indicates that the proteins collected by the two techniques are
not similar.
This is the first report of SPA assessment in EBC. SPA is a

lung-specific collectin that is produced and stored by alveolar
type II cells and non-ciliated epithelial cells and secreted into
the airways [24]. SPA levels were higher in samples of induced
sputum than saliva and EBC samples, which contained
similar concentrations (Fig. 2). The difference in concentra-
tion observed between sputum and EBC may represent the
dilution of the epithelial lining fluid (ELF) in EBC and would
indicate a dilution factor of approximately 100 times.
Mediator detection may be limited in EBC samples by the

dilution of the sample and the detection limit of conventional
assays. The non-volatile components of EBC are thought to
be transported as respiratory droplets of ELF which are
diluted by water vapour [25]. The degree of dilution may be
variable making it difficult to determine whether increases in
mediator concentrations are entirely because of the disease
process or are simply increased because of increased droplet
formation. Attempts to calculate the dilution of the ELF by
water vapour in EBC suggest that there iso0.1mL of ELF in
every millilitre of EBC or a dilution factor of up to 20 000
times [26].
IL-8 was detected in 25% of EBC samples from subjects

with asthma. When IL-8 levels are expected to be high, such
as in acute lung injury, higher proportions of EBC samples
have been shown to have detectable IL-8. However, in
subjects without lung injury, most samples had no IL-8
detected [27, 28]. IL-8 levels are correlated with pH in EBC
samples from patients with lung injury [27], which supports
the idea that in diseases where EBC pH has shown to be
reduced such as acute asthma and cystic fibrosis (CF), higher
EBC IL-8 levels might be expected. Increased IL-8 in acute
asthma [3, 6] and CF [29] are features well established in
induced sputum. If it were assumed the EBC samples are 100-
fold more dilute than induced sputum, then concentrations of
3 pg/mL would need to be readily detectable. This unfortu-

nately is below the limit of detection of many commercial
assays. For the IL-8 assay used in this study the minimum
detectable concentration was 5.3 pg/mL.
Several studies have examined airway oxidative stress using

EBC and reported increased 8-iso-PGF2a concentrations in
chronic obstructive pulmonary disease [30], CF [31], acute
lung injury/acute respiratory distress syndrome [32], obstruc-
tive sleep apnoea [33] and asthma [21, 34]. The concentrations
of 8-iso-PGF2a in EBC have also been shown to increase
with asthma severity [21] and to fall following resolution of
acute asthma exacerbations [35]. Other groups, however, have
been unable to reliably measure 8-iso-PGF2a concentrations
in EBC samples and some concerns have been raised over
reproducibility [36]. Our data show that 8-iso-PGF2a was
detected in less than 10% of EBC samples, with the remaining
samples having concentrations below the limit of detection of
the EIA. Other researchers have also shown that 8-iso-PGF2a
concentrations in EBC were below the limit of detection in
the majority of samples [37, 38]. The study by Rosias et al.
indicated that the coating on the condenser system was
critical. Silicon coating led to the detection of 8-iso-PGF2a in
over 80% of samples. Teflon coating, as used in our study,
resulted in detectable 8-iso-PGF2a concentrations in
only 17% of samples [37]. This highlights that there are
several technical issues regarding EBC collection that need to
be resolved before this method can be reliably used to
monitor airway oxidative stress. The recently developed
radioimmunoassay for 8-iso-PGF2a measurement has the
potential to expand research in this area, because of its
improved sensitivity and specificity [39]. Our data also show
that 8-iso-PGF2a concentrations in induced sputum are
significantly higher than EBC levels, and 8-iso-PGF2a is
detected in 100% of samples. This concurs with another
recent report showing that other markers of oxidative stress,
including malondialdehyde, are found in higher concentra-
tions in induced sputum than EBC [40]. We have carefully
evaluated the measurement issues [20] associated with
induced sputum 8-iso-PGF2a and found the measurement
to be valid and reproducible providing a useful tool to
monitor airway oxidative stress.
Saliva contamination does not appear to be an issue in EBC

samples in this study. If the EBC samples were contaminated
with even a small amount of saliva (10% for example), then
the Coomassie Protein Assay would have been able to detect
these low levels using the microadaptation of the method,
which can determine protein concentrations as low as 1mg/
mL. No protein was detectable in EBC samples using the
micro-Coomassie assay. Similarly, this level of contamination
would have resulted in higher SPA levels than those reported
here. The low levels of SPA reported are likely to be the result
of the dilution of the ELF by water rather than its
contamination with saliva. A number of studies have
measured salivary amylase in EBC samples in order to
evaluate salivary contamination and have found no evidence
of salivary amylase [31, 39, 41–43]. It is interesting to note
that in their study of nasal EBC, oral EBC and saliva, Griese
et al. [43] found no evidence of salivary amylase or
phosphorus in the EBC samples, but on two-dimensional
electrophoresis found evidence of similar proteins in both
EBC and saliva; but compared with saliva the range and
amount of protein was small.

Inflammatory mediators 1183

r 2005 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 35:1180–1185



In summary, our investigation shows that when detected,
mediator levels in EBC are lower than in induced sputum
samples. Saliva contains similar levels of total protein and 8-
isoprostane but lower levels of IL-8 and SPA compared with
induced sputum. Thus, we conclude that while induced
sputum can be used to detect inflammatory mediators, the
measurement mediators in EBC are variable and require
further investigation.

Acknowledgements

The authors would like to acknowledge the assistance of Mrs
Noreen Bell with the collection of the clinical data and EBC
samples and Ms Naomi Timmins for assisting with the
mediator assessment. The National Health and Medical
Research Council (NHMRC) supported this research.
Professor PG Gibson is supported by an NHMRC Practi-
tioner Fellowship and Dr L Wood is supported by a
NHMRC Post-Doctoral Fellowship.

References

1 Green RH, Brightling CE, McKenna S et al. Asthma exacerbations

and sputum eosinophil counts: a randomised controlled trial.

Lancet 2002; 30:1715–21.

2 Pin I, Gibson PG, Kolendowicz R et al. Use of induced sputum cell

counts to investigate airway inflammation in asthma. Thorax 1992;

47:25–9.

3 Pizzichini MM, Pizzichini E, Efthimiadis A et al. Asthma and

natural colds. Inflammatory indices in induced sputum: a feasibility

study. Am J Respir Crit Care Med 1998; 158:1178–84.

4 Wark PA, Johnston SL, Moric I, Simpson JL, Hensley MJ, Gibson

PG. Neutrophil degranulation and cell lysis is associated with

clinical severity in virus-induced asthma. Eur Resp J 2002; 19:

68–75.

5 Twaddell SH, Gibson PG, Carty K, Woolley KL, Henry RL.

Assessment of airway inflammation in children with acute asthma

using induced sputum. Eur Resp J 1996; 9:2104–8.

6 Norzila MZ, Fakes K, Henry RL, Simpson J, Gibson PG.

Interleukin-8 and neutrophil recruitment accompanies induced

sputum eosinophil activation in children with acute asthma. Am J

Respir Crit Care Med 2000; 161:769–74.

7 Jones PD, Hankin R, Simpson J, Gibson PG, Henry RL. The

tolerability, safety, and success of sputum induction and combined

hypertonic saline challenge in children. Am J Respir Crit Care Med

2001; 164:1146–9.

8 Wark PASJ, Hensley MJ, Gibson PG. Safety of sputum induction

with isotonic saline in adults with acute severe asthma. Clin Exp

Allergy 2001; 31:1745–53.

9 Vlachos-Mayer H, Leigh R, Sharon RF, Hussack P, FE H. Success

and safety of sputum induction in the clinical setting. Eur Resp J

2000; 16:997–1000.

10 Ward R, Woltmann G, Wardlaw AJ, ID P. Between-observer

repeatability of sputum differential cell counts. Influence of cell

viability and squamous cell contamination. Clin Exp Allergy 1999;

29:248–52.

11 in ’t Veen JC, de Gouw HW, Smits HH et al. Repeatability of

cellular and soluble markers of inflammation in induced sputum

from patients with asthma. Eur Resp J 1996; 9.

12 Pizzichini E, Pizzichini MM, Efthimiadis A et al. Indices of airway

inflammation in induced sputum: reproducibility and validity of

cell and fluid-phase measurements. Am J Respir Crit Care Med

1996; 154:308–17.

13 Fahy JV, Boushey HA, Lazarus SC et al. NHLBI asthma clinical

research network. Safety and reproducibility of sputum induction

in asthmatic subjects in a multicenter study. Am J Respir Crit Care

Med 2001; 163:1470–5.

14 Fahy JVWH, Liu J, Boushey HA. Comparison of samples collected

by sputum induction and bronchoscopy from asthmatic and

healthy subjects. Am J Respir Crit Care Med 1995; 152:53–8.

15 Simpson JL, Timmins NL, Fakes K, Talbot PI, Gibson PG. Effect

of salivary contamination on induced sputum cell counts, IL-8 and

eosinophil cationic protein levels. Eur Resp J 2004; 23:759–62.

16 Cheng G, Ueda T, Numao T et al. Increased levels of surfactant

protein A and D in bronchoalveolar lavage fluids in patients with

bronchial asthma. Eur Resp J 2000; 16:831–5.

17 Formanek WID, Lauener RP, Wildhaber JH, Frey U, Hall GL.

Elevated nitrite in breath condensates of children with respiratory

disease. Eur Resp J 2002; 19:487–91.

18 Gibson PG, Wlodarczyk JW, Hensley MJ et al. Epidemiological

association of airway inflammation with asthma symptoms and

airway hyperresponsiveness in childhood. Am J Resp Crit Care

Med 1998; 158:36–41.

19 Wood LG, Fitzgerald DA, Gibson PG, Cooper DM, ML G. Lipid

peroxidation as determined by plasma isoprostanes is related to

disease severity in mild asthma. Lipids 2000; 35:967–74.

20 Wood LG, Garg ML, Simpson JL et al. Induced sputum

8-isoprostane concentrations in inflammatory airway diseases.

Am J Respir Crit Care Med 2004; 171(4):426–30.

21 Montuschi PCM, Ciabattoni G, Nightingale J, Kharitonov SA,

Barnes PJ. Increased 8-isoprostane, a marker of oxidative stress, in

exhaled condensate of asthma patients. Am J Respir Crit Care Med

1999; 160:216–20.

22 Doyle I, Nicholas TE, Bersten AD. Serum surfactant protein-A

levels in patients with acute cardiogenic pulmonary edema and

adult respiratory distress syndrome. Am J Respir Crit Care Med

1995; 152:307–17.

23 Garey KW, Nauhauser MM, Robbins RA, Danziger LHER.

Markers of inflammation in exhaled breath condensate of young

healthy smokers. Chest 2004; 125:22–6.

24 LeVine AM. News about the pulmonary collectins and infection.

Mod Asp Immunobiol 2002; 2:228–31.

25 Effros RMHK, Bosbous M, Castillo D, Foss B, Dunning M,

Gare M, Lin W, Sun F. Dilution of respiratory solutes in

exhaled condensates. Am J Respir Crit Care Med 2002;

165:663–9.

26 Effros RM, Dunning MB, Biller J, Shaker R. The promise and

perils of exhaled breath condensates. Am J Physiol Lung Cell Mol

Physiol 2004; 287:L1073–80.

27 Gessner C, Hammerschmidt S, Kuhn H et al. Exhlaed breath

condensate acidification in acute lung injury. Resp Med 2003;

97:1188–94.

28 Rosias PPR, Dompeling E, Dentener MA et al. Childhood asthma:

exhaled markers of airway inflammation, asthma control score,

and lung function tests. Pediatr Pulmonol 2004; 38:107–14.

29 Dean TP, Dai Y, Shute JK, Church MK, Warner JO. Interleukin-8

concentrations are elevated in bronchoalveolar lavage, sputum, and

sera of children with cystic fibrosis. Pediatr Res 1993; 34:159–61.

30 Montuschi PCJ, Ciabattoni G, Lazzeri N, Corradi M, Kharitonov

SA, Barnes PJ. Exhaled 8-isoprostane as an in vivo biomarker of

lung oxidative stress in patients with COPD and healthy smokers.

Am J Respir Crit Care Med 2000; 162:1175–7.

31 Montuschi PKS, Ciabattoni G, Corradi M et al. Exhaled 8-

isoprostane as a new non-invasive biomarker of oxidative stress in

cystic fibrosis. Thorax 2000; 55:205–9.

32 Carpenter G, Price PV, Christman BW. Exhaled breath condensate

isoprostanes are elevated in patients with acute lung injury or

ARDS. Chest 1988; 114:1653–9.

1184 J. L. Simpson et al.

r 2005 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 35:1180–1185



33 Carpagnano GE, Kharitonov SA, Resta O, Foschino-Barbaro MP,

Gramiccioni E, Barnes PJ. Increased 8-isoprostane and interleukin-

6 in breath condensate of obstructive sleep apnea patients. Chest

2002; 122:1162–7.

34 Baraldi E, Ghiro L, Piovan V et al. Increased exhaled 8-isoprostane

in childhood asthma. Chest 2003; 124:25–31.

35 Baraldi E, Carraro S, Alinovi R et al. Cysteinyl leukotriens and 8-

isoprostanes in exhaled breath condensate of children with asthma

exacerbations. Thorax 2003; 58:505–9.

36 Rahman I. Reproducibility of oxidative stress biomarkers in breath

condensate: are they reliable? Eur Resp J 2004; 23:183–4.

37 Rosias PPR, Robroeks CMH, Niemarkt HJ et al. The coating of

condenser systems influences the detection of 8-isoprostane in

exhaled breath condensate (EBC). Eur Resp J 2004; 24:P2930.

38 Van Hoydonck PG, Wuyts WA, Vanaudenaerde BM, Schouten

EG, Dupont LJ, Temme EH. Quantitative analysis of 8-isopros-

tane and hydrogen peroxide in exhaled breath condensate.

Eur Resp J 2004; 23:189–92.

39 Montuschi P, Ragazzoni E, Valente S et al. Validation of

8-isoprostane and prostaglandin E2 measurements in exhaled

breath condensate. Inflammation Res 2003; 52:502–7.

40 Corradi M, Pignatti P, Manini P et al. Comparison between

exhaled and sputum oxidative stress biomarkers in chronic airway

inflammation. Eur Resp J 2004; 24:1011–17.

41 Corradi M, Rubenstein E, Andreoli R et al. Aldehydes in exhaled

breath condensate of patients with chronci obstructive pulmonary

disease. Am J Respir Crit Care Med 2003; 167:1380–6.

42 Ho LP, Innes JA, Greening AP. Nitite levels in breath condensate

of patients with cystic fibrosis is elevated in contrast to exhaled

nitric oxide. Thorax 1998; 53:680–4.

43 Griese M, Noss J, von Bredow C. Protein pattern of exhaled breath

condensate and saliva. Proteomics 2002; 2:690–6.

Inflammatory mediators 1185

r 2005 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 35:1180–1185


