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Background: In preschool children, attacks of wheeze are usually triggered by viral colds. The inflammatory substrate in preschool viral wheeze (PVW) is unclear, but epidemiological data suggest that
most PVW is not caused by allergic inflammation. We therefore speculated that the neutrophils are an
important effector cell. Systemic neutrophil activation is the first stage for the development of pulmonary
neutrophilia. Markers of neutrophil activation are shedding of the adhesion molecule L-selectin from the
cell surface, upregulation of Mac-1 expression, and an increase in serum soluble L-selectin.
Aims: To obtain evidence for systemic neutrophil activation during PVW.
Methods: Preschool children (1–5 years) admitted to hospital with acute PVW (n = 20) and normal
controls (n = 18) were studied. Adhesion molecule expression on CD16 positive neutrophils was determined in both groups and expressed as molecules of equivalent fluorochrome (MEF). Serum soluble
L-selectin was analysed by ELISA.
Results: Compared with controls, children with PVW had reduced neutrophil L-selectin expression
(median MEF (IQR): 69 (11 to 96) units versus 136 (109 to 163) units, p < 0.001) and higher serum
soluble L-selectin (2.8 (2.3 to 3.1) versus 2.4 (2.2 to 2.6) µg/ml, p = 0.04). There was no significant
difference in neutrophil Mac-1 expression.
Conclusion: Systemic neutrophil activation is associated with acute PVW.

ecent studies have focused attention on the role of
non-eosinophilic mechanisms in the pathogenesis of
attacks of atopic asthma triggered by colds. For example,
neutrophils predominate in the sputum of asthmatic adults
with colds,1 and increased levels of interleukin 8, a potent
neutrophil chemoattractant, are present in the lower airway of
children with viral triggered deterioration of atopic asthma.2
Viral colds are also an important trigger of wheeze in
preschool children (preschool viral wheeze, PVW), since an
upper respiratory tract virus can be isolated in more than 80%
of preschool children presenting to hospital with acute
wheeze.3 Despite the common trigger factor, epidemiological
studies suggest that PVW is a phenotype that is separate from
atopic asthma. First, 60% of children with PVW are asymptomatic by 6 years of age.4 Second, these “transient” wheezers do
not have the normal risk factors for atopic sensitisation.4 We
have therefore previously speculated that pulmonary inflammation in PVW is different from chronic atopic asthma.5
Indeed there are preliminary data to support a role for
non-eosinophilic inflammation in PVW. Margeut and
colleagues6 performed bronchoalveolar lavage (BAL) in a
highly selected population of children with a history of severe
PVW. While no increase in airway eosinophils was found, this
group had an increased percentage of neutrophils in the BAL
fluid.
Sampling of airway cells during acute PVW is technically
and ethically problematic, but evidence for the initial “activation” step in the development of pulmonary neutrophilia can
be sought less invasively by the measurement of adhesion
molecules. When circulating neutrophils are activated, the
L-selectin receptor, an adhesion molecule that can mediate the
initial “rolling step” on endothelium,7 is shed from the cell
surface, and enters the circulation as soluble L-selectin (sLselectin).8 Conversely, Mac-1 (CD11b), an adhesion molecule
that can mediate “firm adhesion” of neutrophils on endothelial cells, is transiently upregulated on the neutrophil surface
on activation.9 Thus markers for systemic neutrophil activation are decreased neutrophil L-selectin expression, increased

Mac-1 expression, and increased serum sL-selectin; either
singly or in combination.10 11
In this study, we sought to determine whether systemic
neutrophil activation occurs in PVW by measuring L-selectin
and Mac-1 on systemic neutrophils, and serum sL-selectin in
children admitted to hospital with PVW. Data were compared
to a group of normal controls undergoing elective surgery.

METHODS
Patient details
Acute PWV was defined clinically as: (1) an episode of physician diagnosed wheeze occurring in a child aged 1–5 years; (2)
a clear symptom history from the parents of a viral cold in the
48 hours preceding the wheeze attack, with clinical rhinitis on
admission; and (3) requiring admission to the Children’s Hospital, University Hospitals of Leicester NHS Trust. Exclusion
criteria were: (1) premature birth; (2) a clinical diagnosis of
bacterial infection; (3) any other chronic respiratory pathology; and (4) admission for >24 hours. Controls were
recruited from children undergoing elective ear nose and
throat surgery, or ophthalmic surgery. Children were excluded
as controls if they had: (1) a chronic respiratory disease; (2)
wheezed in the past 12 months; (3) active allergic disease; or
(4) symptoms of an acute infection in the preceding week.
Blood samples from children with PVW were obtained after
topical anaesthesia, and samples from controls were obtained
immediately after induction of general anaesthesia. PVW was
treated with a single oral dose of prednisolone and “as
required” nebulised salbutamol. The study required written
parental consent and was approved by the Leicestershire
Health Research Ethics Committee.
.............................................................
Abbreviations: BAL, bronchoalveolar lavage; IQR, interquartile range;
MEF, molecules of equivalent fluorochrome; PVW, preschool viral
wheeze
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Figure 1 L-selectin (CD62L) expression on systemic neutrophils in
acute preschool viral wheeze and controls. *p < 0.001, by
Mann-Whitney U test. Bars represent medians.

Sample collection and analysis
One ml venous blood sample was collected into an EDTA bottle within five minutes, and transported on ice for flow
cytometry. One ml of blood was allowed to clot at room temperature for 60 minutes; the serum was separated by centrifugation before storage at −70°C for analysis of sL-selectin. A full
blood count was done on a 0.5 ml heparinised sample using
routine hospital techniques.
Flow cytometry was conducted within 30 minutes of sample collection. The antibodies used were fluorescein isothiocyanate (FITC) conjugated monoclonal anti-CD16, phycoerythrin (PE) conjugated anti-CD 62L (L-selectin), and PE
conjugated anti-CD11b (Mac-1) (Becton, Dickinson and
Company, Oxford, UK). Isotype matched antibodies, PE
conjugated IgG2a and FITC conjugated IgG1 (Becton, Dickinson and Company, Oxford, UK) were used as controls. A 50 µl
aliquot each of EDTA blood was added to three tubes placed at
4°C, which already contained either control antibodies or
anti-CD16 and anti-CD62L or anti-CD16 and anti-CD11b.
After incubation for 10 minutes at 4°C, 1 ml of 0.8%
ammonium chloride was added to lyse red cells and the samples were transferred to 37°C. Flow cytometry was performed
on the samples 10 minutes later (Ortho Cytoron-Absolute,
Orthodiagnostic Systems, USA). The extent of the background
non-specific fluorescence, as defined by the control antibodies,
was restricted to less than 1% of the total events acquired.
Discrimination frames were placed around the granulocyte
cluster, which was identified based on their forward and side
scatter characteristics. Neutrophils within this cluster was
identified by CD16 positivity.12 The expression of CD62L and

Figure 2 Mac-1 (CD11b) expression on systemic neutrophils in
acute preschool viral wheeze and controls. There is no significant
difference between the two groups by Mann-Whitney U test. Bars
represent medians.
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Statistics
Data are summarised as median and interquartile range
(IQR), and compared using the Mann-Whitney U test. Correlations were determined by Spearman rank correlation.
Analysis was performed using a package for microcomputers
(SPSS for Windows, version 10, SPSS Inc., Chicago, IL).
Statistical significance was defined as a p value <0.05.

RESULTS
Twenty children (12 boys, 8 girls) with acute viral wheeze and
18 controls (12 boys, 6 girls) were studied. Controls underwent
a variety of surgical procedures, including tonsillectomy and
adenoidectomy (n = 6), insertion of grommets (n = 7), bronchoscopy (normal) (n = 2), squint (n = 1), and other (n = 2).
Compared with controls, children with PVW were slightly
younger (median 32 (IQR 18 to 47) months versus 54 (26 to
63) months, p = 0.04). Seventeen (85%) children with PVW
had previous attacks with no interval symptoms (median
number: 2.0). Three children with PVW had a history of either
mild nocturnal cough or wheeze between attacks. In the subgroup where blood neutrophil numbers were measured, the
majority of children with PVW and controls were within the
normal range (1–8.5 × 109 neutrophils/l). However, the PVW
group (n = 17) had a higher absolute neutrophil count (8 ×
109/l (5 to 11) versus 4 × 109/l (3 to 5) p < 0.01), and increased
percentage of CD16 positive neutrophils (99.5% (98.3 to 99.7)
versus 97.1% (94.2 to 97.7), p < 0.001).
Neutrophil L-selectin expression in PVW (n = 20) was significantly lower than controls (n = 18) (MEF: 69 (11 to 96)
units versus 136 (109 to 163) units, p < 0.001; fig 1). There
was no difference in Mac-1 expression between the two
groups (MEF: 934 (722 to 1287) units versus 730 (571 to
1000) units; fig 2). Neutrophil L-selectin expression was not
associated with age in either viral wheeze or controls (NS by
Spearman rank correlation). sL-selectin was detected in the
sera of all children (PVW, n = 15; controls, n = 16), and was
higher in PVW (2.8 (2.3 to 3.1) µg/ml versus 2.4 (2.2 to 2.6)

Figure 3 Serum soluble L-selectin in acute preschool viral wheeze and
controls. *p = 0.04 by Mann-Whitney U test. Bars represent medians.
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CD11b of at least 5000 events within the neutrophil population
was then recorded. The mean fluorescence intensity of the
gated cell population was obtained as channel numbers and
was transformed to molecules of equivalent fluorochrome
(MEF) using fluorescent beads (DAKO Flourospheres, Dako
A/S, Denmark) according to the manufacturer’s guidelines.
Serum levels of sL-selectin was analysed by ELISA according to the manufacturer’s instructions (Bender Med Systems,
Vienna, Austria). Briefly, serum samples were diluted 1/200,
and the assay was performed in duplicate. The lower limit for
sL-selectin detection was 0.3 ng/ml and the manufacturer’s
overall intra-assay coefficient variation was 3.7%.

Neutrophil activation in viral wheeze

In conclusion, acute PVW is associated with systemic neutrophil activation. Our data are compatible with a role for neutrophils in the pathogenesis of PVW.

DISCUSSION
In this study we report, for the first time, that the expression
of L-selectin is reduced on systemic neutrophils, and serum
sL-selectin is increased, in clinically severe PVW. These data
are compatible with generalised neutrophil activation and
shedding of L-selectin from the neutrophil surface into the
systemic circulation.13 We did not detect an increase in Mac-1,
possibly because Mac-1 had returned to baseline levels after
initial rapid upregulation, as described for neutrophils stimulated in vitro.14
Systemic neutrophil activation has not been studied during
viral triggered wheeze in adults, and it is possible that the
same changes in adhesion molecules occur in both viral triggered atopic asthma and PVW. However, previous studies have
reported no association between systemic neutrophil activation and the clinical severity of atopic asthma. For example,
in ‘t Veen and colleagues15 found no difference in neutrophil
L-selectin expression between normal (non-atopic) controls
and adults with either mild or severe atopic asthma. Furthermore, Oymar and Bjerknes16 compared serum sL-selectin in
atopic asthmatic children with healthy controls, and found no
increase in sL-selectin during an acute attack.
Although the present study shows the first “activation” step
in the development of pulmonary neutrophilia, we cannot
directly implicate the neutrophil in the pathogenesis of PVW.
This is because several confounders remain to be excluded.
First, trivial symptoms associated with the common cold may
be associated with a similar pattern of neutrophil activation.
In a very small group of children with rhinovirus colds, we
have previously reported the presence of BAL fluid
neutrophilia,17 which may indicate that some neutrophil
transmigration may occur during most trivial colds. We speculate that children with PVW have a propensity to recruit more
neutrophils in their airways, and that neutrophil products
trigger bronchoconstriction via activating other inflammatory
cells, such as mast cells. Indeed, we have recently found
evidence of leukotriene activation in a subgroup of children
with PVW.18 To define further the relation between neutrophil
activation and the development of bronchoconstriction in
PVW, more data are needed on the extent of neutrophil
activation during colds in normal children. A second potential
confounder is the effect of steroids. Steroids decrease the
expression of L-selectin on circulating neutrophils,19 an effect
that occurs after a “lag phase” of eight hours. Decreased
expression is not caused by shedding from the neutrophil surface, but the release of L-selectin “low” expressing neutrophils
from bone marrow.20 Neutrophils are not activated by corticosteroids, and serum sL-selectin is therefore not increased.19
Since we found both increased sL-selectin in PVW, and
reduced L-selectin expression on neutrophils from children
with PVW sampled within three hours of oral steroids (n = 4,
p = 0.01 versus controls, data not shown), it is unlikely that
steroid therapy is a major confounder. A confounding effect of
atopy is also unlikely since previous studies have found no
affect of atopic sensitisation on neutrophil L-selectin expression or serum sL-selectin.15 16 There are no data on the effects
of anaesthetic agents on paediatric neutrophil L-selectin
expression. In the normal controls, the very short period from
induction of anaesthesia to sampling should have minimised
any effect. Some anaesthetic agents tend to activate neutrophils. For example, ketamine further decreases L-selectin
expression when adult neutrophils are stimulated by fMLP in
vitro.21 However, if anaesthesia had activated neutrophils in
our control group, this would have reduced rather than
increased the difference in L-selectin expression.
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µg/ml, p = 0.04; fig 3). There was no association between time
from oral steroid therapy and L-selectin expression in the
PVW group (NS, Spearman’s rank correlation).
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