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ORIGINAL ARTICLE

Do circulating leucocytes and lymphocyte subtypes increase in
response to brief exercise in children with and without
asthma?

C D Schwindt, F Zaldivar, L Wilson, S-Y Leu, J Wang-Rodriguez, P J Mills, D M Cooper
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Supplementary tables A and
B are available at http://
bjsm.bmjjournals.com/
supplemental

See end of article for
authors’ affiliations
. . . . . . . . . . . . . . . . . . . . . . . .

Correspondence to:
Professor Dan M Cooper,
University of California,
Irvine, Orange, CA 92868,
USA; dcooper@uci.edu

Accepted
18 September 2006
Published Online First
4 October 2006
. . . . . . . . . . . . . . . . . . . . . . . .

Br J Sports Med 2007;41:34–40. doi: 10.1136/bjsm.2006.030205

Background: Exercise can alter health in children in both beneficial (eg reduced long-term risk of
atherosclerosis) and adverse (eg exercise-induced asthma) ways. The mechanisms linking exercise and health
are not known, but may rest, partly, on the ability of exercise to increase circulating immune cells. Little is
known about the effect of brief exercise, more reflective of naturally occurring patterns of physical activity in
children, on immune cell responses.
Objectives: To determine whether (1) a 6-min bout of exercise can increase circulating inflammatory cells in
healthy children and (2) the effect of brief exercise is greater in children with a history of asthma.
Methods: Children with mild–moderate persistent asthma and age-matched controls (n = 14 in each group,
mean age 13.6 years) performed a 6-min bout of cycle-ergometer exercise. Spirometry was performed at
baseline and after exercise. Blood was drawn before and after exercise, leucocytes were quantified and key
lymphocyte cell surface markers were assessed by flow cytometry.
Results: Exercise decreased spirometry only in children with asthma, but increased (p,0.001) most types of
leucocytes (eg lymphocytes (controls, mean (SD) 1210 (208) cells/ml; children with asthma, 1119
(147) cells/ml) and eosinophils (controls, 104 (22) cells/ml; children with asthma, 88 (20) cells/ml)) to the
same degree in both groups. Similarly, exercise increased T helper cells (controls, 248 (60) cells/ml; children
with asthma, 232 (53) cells/ml) and most other lymphocyte subtypes tested. By contrast, although basophils
(16 (5) cells/ml) and CD4+ CD45RO+ RA+ lymphocytes (19 (4) cells/ml) increased in controls, no increase in
these cell types was found in children with asthma.
Conclusions: Exercise increased many circulating inflammatory cells in both children with asthma and
controls. Circulating inflammatory cells did increase in children with asthma, but not to a greater degree than
in controls. In fact, basophils and T helper lymphocyte memory transition cells did not increase in children with
asthma, whereas they did increase in controls. Even brief exercise in children and adolescents robustly
mobilises circulating immune cells.

A
lthough it is well recognised that physical activity can
influence health in children, the mechanisms that link
exercise and health remain enigmatic. Immune responses

to exercise could explain some of the adverse (eg bronchocon-
striction, urticaria, anaphylaxis1–3) or beneficial (reduction of
cardiovascular disease risk4 5) health effects of physical activity,
and, indeed, growing evidence in children suggests that
exercise is associated with a substantial increase in circulating
cytokines (such as interleukin 6) and leucocytes.6 7 However,
the vast majority of studies to date designed to explore immune
and stress responses to exercise in adults and children have
used relatively long exercise protocols,8 9 which do not reflect
natural patterns of physical activity in children.

Real-life patterns of exercise in children are brief.10 Whether
or not short episodes of exercise in children and adolescents
cause an increase in circulating inflammatory cells has not been
well studied. Consequently, the goal of this study was to test
the hypothesis that a standard, brief (6-min) exercise proto-
col—used commonly to elicit bronchoconstriction in children—
would lead to large increases in circulating inflammatory cells,
some of which are associated with specific diseases. As habitual
levels of physical activity and related factors, such as body
composition and nutritional status, can alter peripheral
leucocyte function,11 12 testing this hypothesis would be a
necessary first step in understanding the potential mechanistic
link between exercise and diseases, such as asthma, in which
exercise is a potent trigger of airway inflammation.

We chose to measure the levels of the standard circulating
leucocytes (ie neutrophils, eosinophils, basophils, lymphocytes
and monocytes). In addition, we used flow cytometry to focus
on several lymphocyte cell surface markers that have been
found, albeit mostly from studies in adults, to have a variety of
roles in inflammatory diseases ranging from asthma to
atherosclerosis (table 1). Finally, we elected to study this
phenomenon in healthy control children and adolescents, as
well as in children and adolescents with a known history of
mild-to-moderate asthma. Exercise-induced bronchoconstric-
tion (EIB) is a common and well-described adverse effect of
exercise,13 14 and is related to airway dehydration leading to an
abnormal airway inflammatory response.2 Consequently, we
hypothesised that the effect of brief exercise on circulating
immune cells would be greater than in controls without
asthma.

METHODS
Participants
Thirty three children and adolescents aged 8–18 years were
recruited for this study. The inclusion criteria included
participants who were either healthy or had mild-to-moderate
persistent asthma, using current National Heart Lung and
Blood Institute standards.15 The exclusion criteria in the control

Abbreviations: EIB, execise-induced bronchoconstriction; FEV1, forced
expiratory volume in 1 s
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group included use of any drugs and the presence of an upper
respiratory infection. The exclusion criteria in the comparison
group of patients with asthma included the presence of an
upper respiratory infection, severe persistent asthma or acute
exacerbation within the previous month, use of oral steroids
within the month before exercise challenge, use of long-acting
b-agonists within 24 h and short-acting b-agonists within 12 h
of exercise challenge. Three participants were excluded as blood
drawn after exercise was not available for analysis (two from
the control group and one from the group with asthma). Two
participants with no history of asthma developed wheezing
during the exercise challenge and were excluded, leaving 28
participants available for analysis. The University of California
at Irvine Institutional Review Board approved this study, and
informed written consent, as well as assent, was obtained from
all participants and their parents or guardians. The studies were
conducted at the UCI General Clinical Research Center.

Exercise protocol
Participants reported to the General Clinical Research Center
Applied Physiology–Human Performance Laboratory for two
visits on separate days. On visit 1, the participants performed a
standardised 6-min bout of constant work-rate exercise on an
electronically braked, servo-controlled, cycle-ergometer
designed to diagnose EIB in children.16 Throughout the test,
the work rate was adjusted to maintain heart rate within the
target range.

Pulmonary function tests were performed via spirometry at
baseline, and then at 5, 10, 15, 20 and 30 min after exercise. In
addition, each participant (control and asthma) was auscul-
tated at baseline, and again if either wheezing was audible or if
there was a decrease in forced expiratory volume in 1 s (FEV1).
A bronchodilator was given if wheezing occurred, patients
reported difficulty in breathing, or the drop in FEV1 was .10%.

The participants returned to the laboratory within 14 days
and performed a standardised, ramp-type, progressive cycle-
ergometer exercise test to determine their level of fitness.17 In
those participants who had received a bronchodilator after the

previous 6-min exercise challenge, we gave the bronchodilator
before the fitness test as a precaution.

Blood sampling and analysis
During visit 1, blood was sampled from an indwelling catheter
30 min after placement and before the onset of exercise (pre-
exercise sampling time point). We waited for 30 min to ensure
that measurable physiological parameters of stress (eg heart
rate and blood pressure) returned to baseline levels after
catheter placement. Participants then completed the 6-min
exercise bout, and additional blood samples were obtained
immediately after exercise (post-exercise sampling time point).
All blood samples of the same participant were run in the same
batch.

Cell surface antigens by flow cytometry
The following monoclonal antibodies were used in multi-
parameter flow cytometry: CD3, CD4, CD8, CD19, CD16,
CD56, CD45RA, CD45RO, CD29 and CD62L (Becton
Dickinson, San Jose, California, USA). Within 2 h of blood
collection, 100 ml of blood from each sample was added to
12675 mm tubes with specific surface antigen fluorescent-
conjugated monoclonal antibodies, mixed well and incubated
in the dark at room temperature for 15 min. Then 16 Becton
Dickinson-fluorescence-activated cell sorter lysing solution
(2 ml) was added to lyse red blood cells, mixed gently and
incubated for 10 min at room temperature in the dark; Becton
Dickinson wash buffer (16 2 ml) was added, and the mixture
centrifuged at 500 g for 5 min. The supernatant was removed
without disturbing the cell pellet. Cells were resuspended in
500 ml 5% paraformaldehyde.

Acquisition and analysis
Samples were acquired using a fluorescence-activated cell
sorter calibur flow cytometer (Becton Dickinson). A forward
scatter threshold was used to acquire 100 000 events for each
prepared sample. Specific cell populations (neutrophils, lym-
phocytes, monocytes, eosinophils and basophils) were obtained
by standard methods from the Clinical Hematology Laboratory,

Table 1 Cell surface markers evaluated

Cell surface marker Conventional names Potential role in exercise effects on health

CD3+/CD4+ T helper Pivotal role in the initiation and perpetuation of the inflammatory response in asthma. Plays
a part in formation of atherosclerosis

CD3+/CD8+ T cytotoxic/suppressor CD8+ cells that produce type 2 cytokines have been shown to play a part in asthma
inflammation

CD19+ B lymphocytes Production of IgE, important in the allergic mechanism of inflammation. B cells have a
protective role in atherosclerosis

CD32/CD16+ 56+ Natural killer The involvement of NK cells in asthma remains unclear. NK cells have been implicated in
the development and progression of atherosclerosis, but their role remains unclear

CD4+ CD45RA+ Naive T helper Naive T helper lymphocytes are essential for responses to new foreign antigens. Adaptive
transfer of naive T helper cells accelerates atherosclerosis

CD4+ CD45RO+ Memory T helper Memory T helper lymphocytes migrate towards inflammatory sites and are preferentially
activated relative to naive T helper cells after allergen challenge. Most T lymphocytes in
atherosclerotic lesions are memory T helper lymphocytes

CD4+ CD45RO+ RA+ Transitional T helper cell
from naive to memory

Probably represent initial steps in the transition from naive to memory cells

CD62L+ L-selectin L-selectin expression on T helper lymphocytes may have a crucial role in bronchospasm.
CD62L has been shown to be increased in people with hypertension after stress, and
trafficking of lymphocytes to atherosclerotic-prone aortas is partially CD62L dependent

CD29+ Integrin b-1 subunit Lower levels of CD29 are found in atopic patients compared with healthy patients

IgE, immunoglobulin E; NK cells, natural killer cells.
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University of California, Irvine, California, USA. Lymphocyte
subpopulations were identified by forward and side scatter, and
separated by antigenic expressions of CD3+/CD4+, CD3+/CD8+,
CD19+, and CD3-/CD16+56+. CD4+ and CD8+ T cell and natural
killer cell subpopulations were further analysed for CD45RA+,
CD45RO+, CD29+, and CD62L+ expression (owing to technical
problems, only 19 samples were analysed for CD29+).

Statistical analysis
Baseline anthropometric characteristics, pulmonary function
tests, leucocytes, cell surface markers and change in pulmonary
function from pre-exercise to the greatest decrease post-
exercise were examined between the control and asthmatic
groups using two-sample t tests. The change in each leucocyte
and cell surface marker from pre-exercise to post-exercise was
evaluated with paired t tests for each group. Those with
significant change in either group were then compared using
two-sample t tests for group differences. All tests were two
tailed using statistical analysis package SAS V9.1. All group
means are presented as mean (standard error), and all
comparison results are evaluated at the 0.05 significance level.
The p values in supplementary tables are displayed as p,0.001,
exact p values if between 0.001 and 0.1, or not significant if
p.0.1 (supplementary tables available at http://bjsm.bmjjour-
nals.com/supplemental).

RESULTS
Participants and baseline evaluation
Table 2 summarises anthropometric, fitness, baseline pulmon-
ary function and exercise test results for the 28 participants (8
males per group). There were no differences between the non-
asthmatic and asthma-comparison groups. In all, 6 (43%)
participants with asthma received albuterol treatment after the
6-min challenge. Consistent with this, compared with controls,
the participants with asthma had significantly larger decreases
in FEV1 after exercise (20.086 (0.037) litre in those without
asthma v 20.283 (0.043) litre in those with asthma, p = 0.035)
and MEF 25–75% (20.016 (0.118) l/s in those without asthma
v 20.434 (0.109) l/s in those with asthma, p = 0.016). There
were no significant differences for leucocytes or cell surface
markers at pre-exercise between control and asthmatic groups
except CD4+, CD29+, and CD45RO+ cells, which were lower in
the patients with asthma (p = 0.046).

Leucocyte response to exercise
Detailed results are presented in the supplementary tables.
Figure 1 shows the effect of the 6-min exercise on total
leucocytes, lymphocytes, monocytes, neutrophils, eosinophils

and basophils. Highly significant increases (p,0.001) were
observed from pre-exercise to post-exercise in both the control
and asthmatic groups for total leucocytes, including lympho-
cytes, monocytes, neutrophils and eosinophils. Basophils
showed a different pattern, with a significant increase in the
control group (p = 0.006), but an insignificant decrease in the
asthmatic group from pre-exercise to post-exercise.

Highly significant increases (p,0.005) in response to the 6-
min exercise were also observed in both study groups for CD3, T
helper lymphocytes (CD3+/CD4+), T suppressor lymphocytes
(CD3+/CD8+), B cell lymphocytes (CD32/CD19+) and natural
killer cells (CD32/CD16+ 56+; fig 2).

Figure 3 shows significant increases (p,0.05) in response to
exercise in naive (CD4+ CD45RA+ and CD8+ CD45RA+),
memory (CD4+ CD45RO+ and CD8+ CD45RO+), and the
CD8+ early transition cells (CD8+ CD45RO+ RA+) in the two
study groups. However, for cells expressing CD4+ CD45RO+
RA+, a significant increase after exercise was only observed in
the control group (p,0.001).

For both T helper and T suppressor lymphocyte subsets
bearing CD29+ adhesion molecules (CD4+ CD29+, CD4+ CD29+
CD45RA+, CD4+ CD29+ CD45RO+, CD8+ CD29+, CD8+ CD29+
CD45RA+, and CD8+ CD29+ CD45RO+), the 12 samples from
the asthmatic group showed a highly significant increase
(p,0.005) after the 6-min exercise (fig 4). On the other hand,
the seven samples from the control group failed to show a
significant change for CD8+ CD29+ CD45RO+ (p = 0.084).

The T helper, T suppressor, and natural killer lymphocytes
bearing CD62L+ showed significant increases (p,0.005) in
response to exercise for the subsets CD4+ CD62L+, CD4+
CD62L+ CD45RA+, CD8+ CD62L+, CD8+ CD62L+ CD45RA+,
and CD32/CD16+ 56+ CD62L+ for both study groups (fig 5).

When we compared the differences between controls and
children with asthma for leucocyte and lymphocyte subtype
responses to the 6-min exercise, we found that only basophils
(p = 0.019, fig 1) and CD4+ CD45RO+ RA+ (p = 0.014, fig 3)
showed significant differences. The between group difference
observed for CD4+ CD29+ CD45RA+ was marginally significant
(p = 0.062, fig 4), and further evaluation with a larger sample
size should be considered.

DISCUSSION
The primary aim of this study was to determine whether a brief
exercise challenge—one reflective of natural patterns of
exercise in children and commonly used to elicit EIB—could
alter inflammatory cell numbers and markers in the circulating
blood. Consistent with our first hypothesis, we found that the
6-min challenge substantially increased the total leucocyte
count and most of the leucocyte subtypes that we studied in
healthy children (fig 1). Moreover, a variety of lymphocyte-
specific cell markers known to be associated with cardiovas-
cular disease, asthma and allergic disorders increased in the
peripheral blood in both the healthy children and the children
with asthma. Most of the inflammatory cells and markers that
we tested increased similarly in both groups (tables A and B;
figs 1–5), but, in contrast with our hypothesis, the circulating
leucocyte response to exercise in children with asthma did not
differ from controls, despite having evidence of bronchocon-
striction after exercise. Indeed, the only difference between the
controls and children with asthma was the absence of an
increase in two leucocyte subgroups in the children with
asthma.

A variety of studies support the idea that circulating
leucocytes have a role in diseases and conditions influenced
by physical activity. CD4+ cells and natural killer cells, both of
which increased during exercise in this study, have a role
in the genesis of the atherosclerotic plaque.5 18 Moreover,

Table 2 Anthropometric, fitness, pulmonary function and
6-min exercise challenge data from the 28 participants*

Variable Controls (n = 14)
Children with
asthma (n = 14)

Age (years) 13.6 (0.79) 13.6 (0.51)
BMI (kg/m2) 21.1 (0.99) 21.6 (0.56)
VO2 peak (ml/min/kg) 33.5 (2.25) 30.7 (2.10)
VC pre-exercise (l) 3.6 (0.32) 3.9 (0.30)
FEV1 pre-exercise (l) 2.9 (0.24) 3.3 (0.24)
PEFR pre-exercise (l) 5.1 (0.51) 5.9 (0.46)
MEF 25–75% pre-exercise (l/s) 2.9 (0.26) 3.5 (0.33)
Mean HR (6-min challenge) 187.9 (2.28) 180.6 (3.41)
Mean WR (6-min challenge) 124.5 (11.22) 132.1 (12.38)

Data are mean (SEM).
*No significant differences between the two groups.
BMI, body mass index; FEV1, forced expiratory volume in 1 s; HR, heart
rate; MEF, maximal expiratory flow; PEFR, peak expiratory flow rate; VC,
vital capacity; VO2, oxygen uptake; WR, work rate.

36 Schwindt, Zaldivar, Wilson, et al

www.bjsportmed.com



Martin-Ventura et al19 found that nuclear factor-kB activity and
Fas ligand (FasL) mRNA are increased in circulating monocytes
of patients with carotid atherosclerosis, suggesting that the
inflammatory cells in the vulnerable region of the plaque could
originally be activated in the circulation before they enter the
arterial wall. Increasingly, atherosclerosis is viewed as another
of the adult diseases, such as osteoporosis,20 that has its origins
in childhood.21

The specific effect of habitual physical activity on these cells
in children and its long-term effect on the risk of cardiovascular
disease remains unknown. Levels of physical activity, nutri-
tional status and body composition can influence the numbers
of circulating leucocytes in children and adults.11 12 22 Moreover,
leucocyte function can also be influenced by training status.23–25

How fitness status alters circulating leucocyte function and

numbers in healthy children or children with asthma remains
poorly investigated.

The brief exercise used in this protocol tended to increase
circulating lymphocytes positive for cell markers that facilitate
adhesion to endothelium (figs 4 and 5), such as L-selectin26

(identified in this study by the CD62L+ marker) and the
integrin b1 subunit27(CD29), which enhances leucocyte adhe-
sion. Circulating inflammatory cells can interact with tissues by
the processes of adhesion and transmigration.28 Interestingly,
leucocyte L-selectin and the integrin b1 subunit have key roles
in asthma,27 skin manifestations of allergy29 30 and athero-
sclerosis.31 32 There is mounting evidence that exercise can
influence these processes even in healthy people. For example,
heavy, prolonged exercise not only causes increases in circulat-
ing inflammatory cells but also recruitment of leucocytes to the

Figure 1 Effect of exercise (mean (SEM)) on circulating leucocytes in participants with asthma and controls. The changes from pre-exercise to post-exercise
were significant (*p,0.01) for all except basophils in the asthmatic group. The basophil response to exercise was significantly different between the control
and asthmatic groups (p = 0.019).

Figure 2 Effect of exercise (mean (SEM)) on lymphocyte subsets in participants with asthma and controls. The changes from pre-exercise to post-exercise
were significant (*p,0.005) for all.
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airways even in healthy people without asthma.33–35 Our data
suggest a mechanism that links (even brief) exercise to health
effects in specific diseases—namely, the speculation that
circulating lymphocytes with these adhesion molecules present
on their surfaces eventually adhere to vessel walls and,
ultimately, transmigrate into airways, skin or early athero-
sclerotic plaques.

We selected a comparison group of children with asthma
because EIB is so common and disturbing a phenomenon in
children, and seems to have roots in an altered inflammatory

response to exercise. We showed that, as in the controls, the
circulating immune response to brief exercise was robust and
involved most leucocytes. Despite finding evidence of bronch-
oconstriction in the children with asthma, the increase in
circulating leucocytes was quite similar to the controls.
Unexpectedly, the only difference we found between children
with asthma and controls was in the exercise response of
circulating basophils and CD4+ CD45RO+ RA+ (figs 1 and 3),
which failed to increase in participants with asthma despite an
increase in the controls. We could not attribute this to factors

Figure 3 Effect of exercise (mean (SEM)) on T helper and T suppressor lymphocytes in participants with asthma and controls. The changes from pre-
exercise to post-exercise were significant (*p,0.05) for all except CD4+ CD45RO+ RA+ in the asthmatic group. The CD4+ CD45RO+ RA+ response to
exercise was significantly different between the control and asthmatic groups (p = 0.014).

Figure 4 Effect of exercise (mean (SEM)) on T helper and T suppressor lymphocyte subpopulations bearing the CD29+ adhesion molecule in participants
with asthma (n = 12) and controls (n = 7). The changes from pre-exercise to post-exercise were significant (*p,0.05) for all except CD8+ CD29+ CD45RO+
in the control group. The CD4+ CD29+ CD45RO+ is significantly different at baseline for the two study groups (p = 0.046).
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such as fitness, which did not differ between the groups
(table 2).

These observations could be explained by sequestration of
basophils or CD4+ CD45RO+ RA+ lymphocytes in the lung or
other marginal pools of participants with asthma. Similarly,
circulating basophils have been found in previous studies to
decrease in response to exercise in a pattern suggestive of
pulmonary retention.36 This pattern has also been shown for
eosinophils37 and myeloid dendritic cells38 after instillation of an
allergen into the airways of participants, presumably because
the cells found their way to the airways. Alternatively, children
with asthma may not be able to effectively mobilise basophils,
whether in peripheral blood or in the lung.

It is now known that a substantial number of basophils are
present in the lumen of airways in fatal asthma,39 and it is clear
that basophils have an active role in bronchial responsiveness
in asthma40 (although a specific role for basophils in EIB has
not yet been established). The migration of basophils to the
airway lumen, or an inability in participants with asthma to
mobilise basophils in the periphery, may explain why basophils
did not increase in the circulation in children with asthma.
Alternatively, degranulation of basophils (after which they
would not be recognised by standard techniques) after exercise
could also explain a blunted response.

Exercise led to a robust increase in T helper lymphocytes and
subsets, including CD4+ CD62L+, CD4+ CD45RA+ and CD4+
CD45RO+ cells in both control and asthmatic groups (figs 3 and
5; tables A and B), but without a significant change for CD4+
CD45RO+ RA+ observed in the asthmatic group (fig 3). Memory
T helper cells (CD4+ CD45RO+) have previously been shown to
be increased in patients with asthma and after antigen
challenge.41 Moreover, recent work shows that memory T cells
originating in the circulation can migrate to the airways and
cause bronchoconstriction even in the absence of eosinophils.42

Thus, the lower level of the memory T helper cell with up-
regulated adhesion molecule expression (CD4+ CD29+
CD45RO+) may indicate migration of this cell to areas of
inflammation in the patients with asthma, such as the lung.
Further, it is possible that the transition of lymphocytes from
naive to memory T cells (CD4+ CD45RO+ RA+ is an early-stage
transitional cell43) in patients with asthma could also be
sequestered in response to exercise, and this could explain
the lack of increase that we observed. What remains enigmatic

in our observations is why this particular transitional cell, and
not the memory cells themselves, seemed to be most affected in
children with asthma.

The robust increase in circulating inflammatory cells in both
healthy children and children with asthma raises an intriguing
question: why does everyone not wheeze with exercise? In
healthy children, just 6 min of exercise was associated with a
general leucocytosis and an increase in circulating eosinophils,
such as typically seen in acute asthma.44 Moreover, the
circulating blood in healthy children after exercise reflected a
progression of T cells from naive to memory, also typically
found in atopic participants and in participants with asthma.41

Although we did not measure intracellular cytokines and could
not, therefore, gauge the shift in T helper 1 versus T helper 2
lymphocytes, the change in T helper cell numbers in general
indicate the possibility that an altered balance of the pattern of
these key cytokine-producing lymphocytes might have occurred
in circulation even in healthy children after exercise.

In summary, our study showed that relatively brief exercise
in children and adolescents, at a level and duration commonly
found naturally, led to a very robust increase in circulating
inflammatory cells. Lymphocyte subtyping showed that the L-
selectin and integrin b1 subunit positive surface markers were
increased, setting the stage, perhaps, for these cells to adhere to
vascular endothelium and transmigrate to tissues, such as the
respiratory airways, in which exercise seems to influence
health. An intriguing observation was that, at least in some
cases, the difference between healthy children and those with a
history of inflammatory diseases, such as asthma, may be
reflected by the absence of an exercise-associated increase in
circulating inflammatory cells, rather than an increase. What
remains unknown is how levels of physical activity in children
and adolescence, a critical period of growth and development,
may ultimately condition leucocyte responses to exercise and,
consequently, act to influence risk for diseases such as
atherosclerosis and asthma.
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What this study adds

N Brief exercise in children and adolescents, at a level and
duration commonly found naturally, robustly mobilises
circulating immune cells.

N Most circulating inflammatory cells increase similarly in
both patients with asthma and controls without asthma in
response to brief exercise.

N Basophils and T helper lymphocyte memory transition
cells did not increase in patients with asthma whereas
they did increase in controls without asthma in response
to brief exercise.

What is known on this topic

N Activity can influence health in children in both beneficial
(eg, reduced long term risk of atherosclerosis) and
adverse (eg exercise induced asthma) ways.

N Habitual levels of physical activity and related factors,
such as body composition and nutritional status, can alter
peripheral leucocyte function.

N Growing evidence in children suggests that prolonged
exercise is associated with a substantial increase in
circulating cytokines (such as interleukin 6) and leuco-
cytes.

N The mechanisms linking exercise and health are not
known, but may rest, partly, on the ability of exercise to
increase circulating immune cells.

N Little is known of the effect of brief exercise on the
immune cell responses.
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