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Adding salmeterol to an inhaled corticosteroid
reduces allergen-induced serum IL-5 and
peripheral blood eosinophils

Julia G. Koopmans, MD,a René Lutter, PhD,a,b Henk M. Jansen, MD, PhD,a

and Jaring S. van der Zee, MD, PhDa Amsterdam, The Netherlands
1007

M
e
ch

a
n
is
m
s
o
f
a
st
h
m

a
ll
e
rg

ic
in
fl
a
m
m
a
t

Background: Adding a long-acting b2-agonist to inhaled

corticosteroids results in better symptomatic asthma control

than increasing the dose of inhaled corticosteroids.

Objective: Investigating whether adding the long-acting

b2-agonist salmeterol to the inhaled corticosteroid fluticasone

propionate has an effect on allergen-induced allergic

inflammation in asthma.

Methods: Bronchial allergen challenges were performed in 26

patients with allergic asthma, pretreating them with a single

dose of either fluticasone/salmeterol (100/50 mg) or fluticasone

alone (100 mg), in a double-blind, randomized, cross-over

design. Sputum and serum markers of bronchial inflammation

were measured after allergen challenge, as well as lung function

parameters. Primary outcomes were sputum eosinophil

numbers and eosinophil cationic protein.

Results: Asthmatic responses after allergen challenge were

significantly reduced after pretreatment with fluticasone/

salmeterol relative to fluticasone alone. Sputum inflammatory

markers after allergen challenge were not significantly affected

by fluticasone/salmeterol pretreatment. By contrast, serum IL-5

was significantly reduced (geometric mean serum IL-5 [SEM]: 0.5

[0.3] vs 1.1 [0.3] pg/mL 1 hour and 0.6 [0.3] vs 1.1 [0.3] pg/mL

6 hours after challenge with fluticasone/salmeterol vs fluticasone

alone pretreatment, respectively; P values < .05). Also, peripheral

blood eosinophils were significantly reduced (geometric mean

number3 106/L [SEM]: 172 [0.1] vs 237 [0.1] at 6 hours and

271 [0.1] vs 351 [0.1] at 24 hours with fluticasone/salmeterol vs

fluticasone alone pretreatment, respectively; P < .05).

Conclusion: Adding salmeterol to fluticasone reduces allergen-

induced serum IL-5 and peripheral blood eosinophils. This

phenomenon may contribute to the improved clinical outcomes

that result from adding a long-acting b2-agonist to inhaled

corticosteroids. (J Allergy Clin Immunol 2005;116:1007-13.)
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anti-inflammatory agents

Inhaled corticosteroids (ICS) are recommended as first-
line treatment for asthma.1 Their use is associated with
a reduction in inflammatory cells in the airways2 as
well as with an improvement in exacerbation frequencies,
symptom scores, and lung function.3 Several large clinical
studies have shown that adding a long-acting b2-agonist
(LABA) to ICS leads to better symptomatic asthma control
and lower exacerbation frequencies than increasing the
dose of inhaled steroids.4 Because of the increased effec-
tiveness of this add-on therapy with respect to sympto-
matic asthma control, it has been suggested that adding
a LABA to ICS exerts an additional effect on bronchial
inflammation, complementary to the effect of ICS.5

There is evidence that b2-adrenergic receptors occur
not only in airway smooth muscle cells but also on other
resident and infiltrating inflammatory cells implicated in
the underlying pathophysiologic process in asthma. The
b2-adrenergic system may suppress inflammatory activity
by activation of the adenylyl cyclase system and a subse-
quent rise in intracellular cyclic adenosine monophos-
phate.5 In vitro studies with both short-acting b-agonists
and LABAs point to inhibitory effects on inflammatory
cell activation and mediator release, cell adhesion and
chemotaxis, and cell survival.6 In addition, there is some
evidence that LABAs potentiate the effect of cortico-
steroids,7 possibly by ligand-independent activation of the
glucocorticoid receptor.8 This subsequently may promote
the translocation of glucocorticoid receptors into the nu-
cleus, where they may influence the transcription of pro-
inflammatory genes.9 One clinical study showed lower
numbers of submucosal mast cells after 12 weeks of fluti-
casone/salmeterol compared with ICS monotherapy,10

although there was no effect on numbers of eosinophils.
Another study did show lower numbers of eosinophils,
as measured in bronchial biopsies, after adding salmeterol
to beclomethasone dipropionate or budesonide.11 Collec-
tively, these findings suggest an anti-inflammatory effect
of adding LABA therapy to ICS, although the precise
underlying mechanisms remain to be elucidated.

Repeated allergen exposure is likely to play an impor-
tant role in the persistence of allergic inflammation in
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Abbreviations used
A2M: a2-Macroglobulin

AUC: Area under the curve

EAR: Early asthmatic reaction

ECP: Eosinophil cationic protein

ICS: Inhaled corticosteroids

LABA: Long-acting b2-agonist

LAR: Late asthmatic reaction

RCE: Relative coefficient of excretion

asthma.12,13 As yet, no studies have investigated the effect
of adding a LABA to ICS on allergen-induced bronchial
inflammation. In the current study, we investigated whether
adding the long-acting b2-agonist salmeterol to the inhaled
corticosteroid fluticasone propionate has an effect on aller-
gen-induced allergic inflammation in asthma. Twenty-six
patients with allergy and intermittent to mild persistent
asthma1 inhaled either fluticasone/salmeterol (100/50 mg)
or fluticasone alone (100mg) 20minutes before a bronchial
allergen challenge in a double-blind, randomized, 2-armed,
cross-over design. Primary outcomes were the number of
eosinophils and the eosinophil cationic protein (ECP)
concentration in induced sputum. Serum IL-5, total eosino-
phil counts in peripheral blood, and sputum neutrophil-
associated parameters were chosen as secondary outcomes.
Furthermore, FEV1 and bronchial hyperresponsiveness to
histamine (PC20histamine) measurements were performed
both before and after the allergen challenges. Outcomes
were measured at 1 (serum only), 6, and 24 hours after the
allergen challenges.

METHODS

Patients

We recruited 26 nonsmoking patients with allergy and intermittent

to mild persistent asthma,1 characterized by a history of episodic

wheeze and shortness of breath (Table I). The patients were sensitized

to house dust mite (Dermatophagoides pteronyssinus, Der p) and/or

cat dander, as determined by skin prick test. FEV1 at baseline was

at least 70% of the predicted value, and baseline bronchial hyper-

responsiveness to histamine (PC20histamine) was between 0.25 and

8.0 mg/mL. Patients had no exacerbations requiring oral steroids or

antibiotics for 3 months before the study and no lower respiratory

tract infection for 4 weeks before the study. Inhaled corticosteroids,

antibiotics, theophylline, sodium cromoglycate, nedocromil sodium,

or antileukotrienes were not allowed 4 weeks before and during the

study. There was no comorbidity likely to interfere with the study.

Patients were recruited via advertisement and via the Outpatient

Department of Pulmonology of the Academic Medical Center in

Amsterdam, The Netherlands. The Medical Ethical Committee of

the Academic Medical Center approved the study, and all subjects

gave written informed consent.

Study design

This was a double-blind, 2-armed, randomized, cross-over study

(Fig 1). The study was preceded by 2 screening visits during which a

full medical history, physical examination, skin prick tests, and lung
function measurements were performed to ensure eligibility for the

study. In addition, outcomes were measured before and 24 hours after

a screening bronchial allergen challenge. This screening bronchial

allergen challenge was performed according to standardized proce-

dures with purified allergen extracts of Der p or cat dander allergen

(ALK-Abelló, Nieuwegein, The Netherlands) to determine the

amount of allergen causing a 20% decline in FEV1 during the early

asthmatic reaction (PD20allergen). During the study period, eligible

patients subsequently underwent 2 allergen challenges with a fixed

dose of allergen equal to the calculated PD20allergen. Twenty min-

utes before the study allergen challenges, patients randomly inhaled

either a single dose of fluticasone (100 mg) in combination with

salmeterol (50 mg) or a single dose of fluticasone alone (100 mg)

in a cross-over design. All allergen challenges were followed by a

washout period of 3 to 4 weeks. Outcomes were measured 24 hours

prechallenge and 6 and 24 hours and 1 week postallergen challenge.

An additional blood sample was taken at 1 hour postchallenge.

Diurnal change in FEV1 was determined on the day before allergen

challenge. Patients were provided with ipratropium bromide (20

mg) for relief of symptoms after the allergen challenges (during the

first 24 hours postallergen challenge) and with salbutamol (200 mg)

for relief of symptoms on the remaining days of the study period.

Ipratropium bromide usage after allergen challenge was recorded.

Before every visit, patients abstained from rescue salbutamol for

8 hours. All drugs were administered via a dry powder inhaler

(Diskus; GlaxoSmithKline, Zeist, The Netherlands) except for ipra-

tropium bromide (Boehringer, Alkmaar, The Netherlands), which

was administered via a metered dose inhaler.

Procedures

Spirometry, PC20histamine, and bronchial allergen challenge

were performed according to standardized procedures.14 For fixed

dose allergen challenges, a single volume of relevant allergen was

diluted to make up the PD20allergen. The change in FEV1 during the

first hour after allergen challenge and the change in FEV1 for 1 to

10 hours after allergen challenge were defined as the early asthmatic

reaction (EAR) and the late asthmatic reaction (LAR) and expressed

as the percentage change from baseline, as measured with the corre-

sponding spirometer, dry rolling-seal (Sensor Medics BV, Bilthoven,

The Netherlands) and portable spirometer (Micromedical diarycard;

Sensor Medics BV), respectively. The late asthmatic reaction was

corrected for diurnal change in FEV1 as determined on the day be-

fore the allergen challenge. The area under the curve (AUC) was

TABLE I. Characteristics of randomized patients

at screening

Number of patients 26

Age,* y 24 (19, 35)

M/F 9/17

Total IgE,� IU/mL 213 (28, 8600)

SpecIgE,� IU/mL 26 (0.4, 590)

PD20allergen,� BU 137 (14, 4960)

PC20histamine,� mg/mL 1.4 (0.4, 7.9)

FEV1,� % predicted 101 (11.0)

EAR*§ 223 (240, 220)

LAR*§ 218 (252, 0)

BU, Biological units; SpecIgE, serum level of specific IgE directed against the

type of allergen that was used during allergen challenge.

Values are expressed as *median (range), �geometric mean (range), or

�mean (SD).

§Maximal change in FEV1 during the first hour postchallenge (EAR) and

from 1 to 10 hours postchallenge (LAR).
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FIG 1. Schematic representation of study design. FP, Fluticasone propionate 100 mg; S, salmeterol 50 mg.

FIG 2. FEV1 after the allergen challenge at screening (A) and after the study challenges (B) pretreated with

either fluticasone propionate 100 mg or salmeterol 50 mg. Geometric mean values (SEM) are shown.

BL, Baseline.
calculated from0.5 to 60minutes for the EAR (AUCEAR) and from1 to

10 hours for the LAR (AUCLAR). Levels of total and specific IgE were

determined in serum15 at the first screening visit. Sputum induction and

processing of whole sputum samples were performed according

the method described by Fahy et al16 with minor modifications as

described previously.17 Differential cell counts were expressed as

percentage of cells, excluding squamous epithelial cells. Sputum

samples containing more than 80% squamous cells on differential

cell counting were excluded from analysis. Levels of ECP,18

myeloperoxidase,19 and IL-8 were measured in sputum and IL-5 in

serum20 with an ELISA, as described. IL-8 was quantitated by using

the antibody pair from R&D Systems (Abington, United Kingdom;

MAB 208 and BAF 208) following the manufacturer’s instructions.

Size selectivity of the blood-airway lumen barrier was determined by

the relative coefficient of excretion (RCE),21 which is the ratio of spu-

tum levels of a2-macroglobulin (A2M) over that of albumin. A2M is

11-fold larger than albumin, and thus systemic leakage of A2M across

the respiratory membrane is relatively reduced compared with that of

the smaller albumin, except when there is loss of size selectivity.

A2Mwas determined by ELISA21 and albumin by immunoturbidime-

try (BN ProPec; Dade Behring, Marburg, Germany). All sputum

assays were validated for the presence of dithiothreitol, by using a

standard curve in dithiothreitol and by testing recovery of exogenously

added marker protein to dithiothreitol-treated sputum samples. For

most assays, samples were diluted 50-fold to rule out interference of

dithiothreitol. SAS (version 8.2; SAS Institute Inc, Cary, NC) was

used for statistical analyses. Prechallenge values were determined by

dividing the values measured before the fixed dose allergen challenge

by the number of valid cases at these time points. A mixed model

ANOVA, accounting for period and time point, was used to determine
differences in postchallenge values between the 2 treatment groups.

The estimation and testing procedure was a restricted maximum like-

lihood method so that a possible influence of missing values was

corrected for. Missing values were considered to occur at random.

Positively skewed outcomes were analyzed after logarithmic trans-

formation. All P values are 2-tailed, and P levels of less than .05 were

considered significant.

RESULTS

Screening

Twenty-six patients were randomized in this study
(Table I). All patients exhibited an EAR of at least 20%
from baseline after the screening allergen challenge (Fig
2, A). Elevated levels of inflammatory outcomes after
the screening allergen challenge relative to levels before
the screening allergen challenge were found (levels pre-
screening and postscreening allergen challenge were
measured in a subgroup of 14 patients; Table II).

Study allergen challenges: pretreatment with
either fluticasone/salmeterol or fluticasone

Lung function parameters. A significant early-phase
and late-phase drop in FEV1 was still detected after
pretreatment with fluticasone (Fig 2, B). The EAR was
significantly reduced after pretreatment with fluticasone/
salmeterol compared with pretreatment with fluticasone
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alone (mean AUC from 0.5 to 60 minutes after challenge
[SE]: 4.4 [2.1] after fluticasone/salmeterol pretreatment vs
28.9 [2.1] after fluticasone alone; P < .0001; Fig 2, B).
Likewise, the LAR was significantly reduced after pre-
treatment with fluticasone/salmeterol compared with
pretreatment with fluticasone alone (mean AUC from
1 to 10 hours [SE]:21.1 [2.7] after fluticasone/salmeterol
vs 212.1 [2.5] after fluticasone alone; P 5 .001).
PC20histamine was significantly higher 24 hours after
allergen challenge with fluticasone/salmeterol pretreat-
ment compared with fluticasone alone (P < .0001; Fig 3).

Inflammatory parameters. At 6 hours after allergen
challenge, there was a significant decrease in A2M and
albumin after both treatments compatible with vascular
leakage. Twenty-four hours after allergen challenge, a
significant increase in sputum eosinophils and ECP was
demonstrated after pretreatment with fluticasone and in
ECP only after fluticasone/salmeterol pretreatment (Table
III). However, there were no significant differences
between the 2 treatment groups in sputum eosinophils,
ECP, neutrophils, IL-8, myeloperoxidase, A2M, albumin,
and the RCE in induced sputum (Table III). Serum IL-5
was elevated at 1, 6, and 24 hours after challenge after
fluticasone pretreatment but only at 24 hours after flutica-
sone/salmeterol pretreatment. Significantly lower concen-
trations of serum IL-5 were observed at 1 and 6 hours after
allergen challenge with fluticasone/salmeterol pretreat-
ment relative to fluticasone alone (geometric mean serum
IL-5 [SEM]: 0.5 [0.3] vs 1.1 [0.3] pg/mL at 1 hour after
challenge, and 0.6 [0.3] vs 1.1 [0.3] pg/mL at 6 hours after
challenge with fluticasone/salmeterol and fluticasone
alone pretreatment, respectively; P values < .05; Fig 4,
A). Blood eosinophils showed a significant decrease at
1 and 6 hours after fluticasone/salmeterol pretreatment
(Fig 4, B). In contrast, there was a significant increase at

TABLE II. Inflammatory parameters before and after

screening allergen challenge*

Prescreening

allergen

challenge

24 h

Postscreening

allergen challenge

P

value

Sputum eosinophils� 1.2 (1.7) 4.5 (2.1) .01

Sputum ECP� 55.0 (1.5) 148 (1.8) .04

Blood eosinophils§ 187 (1.1) 373 (1.3) .004

Serum IL-5k 0.7 (1.3) 5.9 (1.7) 0.0005

Sputum neutrophils� 18 (1.4) 32 (1.6) >.1

Sputum IL-8� 202 (1.3) 317 (1.6) >.1
Sputum myeloperoxidase� 811 (1.3) 1673 (1.3) .05

Sputum albumin{ 17 (1.5) 39 (1.3) >.1

Sputum A2M� 1278 (1.3) 1707 (1.4) >.1

Sputum RCE# 75 (1.4) 44 (1.2) >.1

*Values are expressed as geometric mean (SEM).

�Number 3 104/g.

�ng/mL.

§Number 3 106/L.

kpg/mL.

{mg/mL.

#RCE 3 103.
24 hours after fluticasone pretreatment, with unchanged
values at time points 1 and 6 hours. Total eosinophil
counts in peripheral blood at 6 and 24 hours after allergen
challenge differed significantly between fluticasone/
salmeterol and fluticasone pretreatment (geometric mean
total eosinophil count in peripheral blood [SEM]: 172
[0.1] vs 237 [0.1] 3 106/L at 6 hours after challenge,
and 272 [0.1] vs 351 [0.1]3 106/L at 24 hours after aller-
gen challenge with fluticasone/salmeterol and fluticasone
pretreatment, respectively; P values < .05; Fig 4, B).

DISCUSSION

In this study, we have shown that serum IL-5 concen-
trations as well as total eosinophil counts in peripheral
blood are significantly reduced after pretreatment with a
single dose of salmeterol in a combination inhaler with

TABLE III. Sputum parameters after allergen challenge

after pretreatment with fluticasone 1 salmeterol

versus fluticasone alone*

S/FP FP{ S/FP FP{

6 h 6 h 24 h 24 h

Eosinophils� 1.3 (1.5) 2.0 (1.5) 2.8 (1.5) 4.2 (1.6)#

ECP� 46 (1.3) 66 (1.3) 99 (1.3)# 78 (1.3)#

Neutrophils� 16 (1.4) 21 (1.4) 27 (1.4) 17 (1.4)

IL-8� 190 (1.4) 163 (1.4) 348 (1.4) 252 (1.4)

Myeloperoxidase� 1443 (1.2) 1042 (1.2) 1316 (1.2) 1390 (1.3)

Albumin§ 16 (1.4)# 14 (1.4)# 25 (1.4) 19 (1.4)

A2M� 861 (1.3)# 627 (1.3)# 1297 (1.3 1035 (1.3)

RCEk 33 (1.3) 47 (1.3) 49 (1.2) 61 (1.3)

FP, Fluticasone propionate; S, salmeterol.

*Values are expressed as geometric mean (standard error of the mean).

�Number of cells 3 104/g sputum.

�ng/mL sputum.

§mg/mL sputum.

kRCE 3 103.

{S/FP vs FP: P values > .2.

#P values < .05 for change from their respective prechallenge baseline

values.

FIG 3. PC20histamine before and after allergen challenge pre-

treated with either fluticasone propionate 100 mg or salmeterol

50 mg. **P < .0001. BL, Baseline.
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FIG 4. Levels of serum IL-5 (A) and peripheral blood eosinophils (B) after allergen challenge after pretreatment

with fluticasone propionate 100 mg or salmeterol 50 mg. Geometric mean values (SEM) are shown. *P < .05.

BL, Baseline.
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fluticasone relative to a single dose of fluticasone alone.
The differences in serum IL-5 were found as early as 1 and
6 hours after allergen challenge, whereas differences in
total eosinophil counts in peripheral blood were most
pronounced at 6 and 24 hours postchallenge. Sputum
markers of bronchial inflammation were not affected in
addition by fluticasone/salmeterol pretreatment. In con-
cordance with earlier studies, the EAR and LAR as well
as bronchial hyperresponsiveness after allergen challenge
were significantly reduced by pretreatment with salme-
terol.22 Our findings confirm and extend previous studies
showing that the addition of a LABA to ICS may have an
additional effect in vivo on allergic inflammation in
patients with asthma that is complementary to the effect
of ICS.

A prerequisite for establishing modulation of the aller-
gen-induced changes by addition of salmeterol, as we
aimed in this study, is incomplete blunting of the responses
in outcome parameters by the dose of ICS. This criterion
was met, because significant allergen-induced increases in
inflammatory markers in sputum and blood and changes in
physiological parameters were still detected after flutica-
sone treatment. The design of the study, however, does not
permit estimation of separate ICS and LABA effects,
because a formal placebo arm is lacking.

In patients with allergic asthma, IL-5 is considered to be
mainly produced by TH2 cells, fibroblasts, and mast cells.
Thus, the differences in serum IL-5 after allergen chal-
lenge in the current study are likely explained by an effect
of adding salmeterol to fluticasone on these cells. TH2 cells
may release IL-5 after antigen stimulation via several
pathways.Activationof aTcellwill lead to increased trans-
cription of the IL-5 gene. Gluco-corticosteroids are
generally considered to influence the transcription of
inflammatory genes, forming the basis of their anti-inflam-
matory properties in asthma. In addition, as mentioned,
salmeterol may enhance the anti-inflammatory effects
of glucocorticosteroids, possibly by ligand-independent
activation of the glucocorticoid receptor.8 However, in the
current study, the differences in serum IL-5 were already
present at 1 hour after allergen challenge, whereas the pro-
cess of T-cell activation with subsequent synthesis and
release of IL-5 is considered to take at least a few hours.23

By contrast, the process of mast cell degranulation on
cross-linking of IgE is considered to take a few minutes
only. This is illustrated by the early decline in lung function
shortly after allergen exposure, which is generally con-
sidered to be the result of mast cell activation24 with
subsequent release of bronchoconstrictor mediators like
leukotrienes and histamine, which are stored in the mast
cell granules.

It has been demonstrated that mast cells obtained
from bronchial mucosa biopsies from patients with
allergic asthma can synthesize and store cytokines that
are considered important in the chronic inflammatory
response in asthma, such as IL-4, IL-5, IL-6, IL-8, IL-13
and TNF-a.25 Mast cells contain preformed cytokines,
stored in their granulae,26 whereas T cells do not have
the capacity to store cytokines like IL-5. In the bronchial
mucosa, IL-5 appeared to be mainly present in tryptase-
positive mast cells, whereas skin mast cells contained
very little staining for IL-5.26 Salmeterol has previously
been shown to suppress mediator release from human
lung in vitro.27 In addition, salmeterol inhibits the release
of TNF-a by human mast cells in vitro.28 The inhibitory
effect of b-agonists on allergen-induced skin reactions is
well established.29 Collectively, these findings suggest
that the differences in serum IL-5 immediately after aller-
gen challenge in the current study may be explained by
an inhibitory effect on mast cell degranulation of adding
salmeterol to fluticasone in vivo in patients with allergic
asthma. To our knowledge, this is the first study to demon-
strate in vivo in patients with asthma a reducing effect on
serum IL-5 from adding salmeterol to fluticasone.

The importance of IL-5 in eosinophilic airway inflam-
mation is illustrated by several studies.30-32 Sensitization
of T-cell–deficient, athymic mice was unable to induce
eosinophilic airway inflammation or increase airway
hyperresponsiveness unless IL-5 production was restored
by systemic IL-5 treatment.30 In patients, the development
of airway eosinophilia is associated with increased IL-5
expression in the airway mucosa and with elevated con-
centrations of IL-5 in luminal fluid31 and serum.32 IL-5
is considered essential for the differentiation of eosinophil
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precursors and also activates and prolongs survival of the
mature cells in the tissue.33 Leckie et al34 found in patients
with asthma that treatment with a single dose of anti–IL-5
significantly reduced blood and sputum eosinophil counts.
There was however, no effect on either the EAR or LAR
or on bronchial hyperresponsiveness in this study.34 This
finding may, at least partly, be explained by a differential
effect of anti–IL-5 treatment on eosinophil counts in dif-
ferent body compartments.35 After multiple dosing with
anti–IL-5 (mepolizumab), the authors report that there
was a 100% median decrease in eosinophil counts in
peripheral blood, whereas there was only a 55% decrease
in the bronchial mucosa.35 Thus, anti–IL-5 may be less
effective at depleting tissue eosinophils, which is in agree-
ment with the fact that in the current study, we did not
find significantly lower levels of sputum eosinophils and
sputum ECP, in contrast with the reduced eosinophil
counts in peripheral blood after allergen challenge. More
recently, it has been evidenced that the function of eosino-
phils present in the airways may be IL-5–independent.36

The main functions of IL-5 may be eosinophil hemopoiesis
and release from the bone marrow, which is in line with the
observed differences in eosinophil counts in peripheral
blood, which appeared to occur at a later time point com-
paredwith the differences in serum IL-5. The early decrease
in blood eosinophils in the absence of an early increase in
serum IL-5 after fluticasone/salmeterol is compatible with
the hypothesis that early eosinophil recruitment from the
blood to the airways is less affected then recruitment of
eosinophils from the bone marrow to the blood.

Alternatively, the discrepancy between serum and
peripheral blood parameters on the one hand and sputum
parameters on the other may be explained by a relatively
lower power of the study with respect to sputum param-
eters. Sputum eosinophil numbers and ECP show rela-
tively large intraindividual variation because of variable
dilution by saliva and probably also because of inhomo-
geneous distribution of airway inflammation.16 Moreover,
valid sputum samples are obtained in about 70% to 75% of
the cases. Nevertheless, some studies claimed that sputum
markers may be more sensitive than blood when assessing
the anti-inflammatory response in asthma.37

In conclusion, this is the first study to investigate the
effects on allergen-induced bronchial inflammation from
adding salmeterol to fluticasone in patients with asthma.
We have shown that a single dose of salmeterol in a
combination inhaler with fluticasone has an additional
effect on serum IL-5 concentrations and eosinophil counts
in peripheral blood after allergen challenge in vivo in
patients with allergic asthma, complementary to the effect
of a single dose of fluticasone alone. These effects are
most likely explained by a stabilizing effect on mast cells.
Thus, adding salmeterol to ICS may affect acute as well as
chronic components of asthmatic inflammation, possibly
contributing to improved asthma control.

We thank Barbara Smids-Dierdorp, Tamara Dekker, andMarianne

van de Pol for theirwork on the inflammatory parameters in this study.
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