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Introduction

Exercise enhances or suppresses the immune system in a specific
manner, depending, amongst many other factors, on the mode
and duration of exercise [23]. However, the clinical significance
of exercise-induced alterations in the immune system is unclear
[23]. Although it has been suggested that there is an increased
incidence of upper respiratory tract symptoms (URTS) after
strenuous, endurance exercise [28] and that exhaustive exercise

might lead to an allergy reaction or atopic disposition [35,36], no
specific link has been established [23].

IgE is one of the major mediators of immediate hypersensitivity
reactions that underlie atopic conditions such as urticaria, sea-
sonal allergy, asthma, and anaphylaxis [5]. IgE mediates these
conditions through inducing the degranulation of mast cells and
eosinophils, with the release of stored products, including hista-
mine and eosinophil cationic protein (ECP) [5]. Eosinophils and

Abstract

Atopic-related factors, humoral and mucosal immunoglobulins
(Ig), and cortisol were measured in 17 professional cyclists com-
peting in the 2003 Vuelta a España (a three-week multi-stage
race). Venous blood and saliva samples were obtained the morn-
ing before the start of the race (T0), on the first rest day after 10
days of racing (T1), and before the start of the last stage after 21
days of racing (T2). Atopic-related factors, IgE, eosinophil cat-
ionic protein (ECP), and eosinophils, were significantly altered
during the race. Serum IgE (T1: + 10%) and ECP (salivary, T1:
113% and serum, T2: 155%) were significantly increased, while
eosinophils (T1: – 32%, T2: – 55%) were significantly lower, than
pre-race levels. Salivary sIgA secretion rate was significantly de-
creased at T2 (– 36%). Pearson product-moment correlations re-

vealed a modest correlation between salivary sIgA and salivary
ECP (T1: r = 0.30; T2: r = 0.48; p < 0.01). Serum IgM, total IgG,
IgG1, IgG2, IgA levels, at T1 and T2, and cortisol at T2, were signif-
icantly lower than pre-race levels. In conclusion, the elevation in
IgE and ECP suggests an up-regulation of atopic-related factors in
professional cyclists participating in the Vuelta a España. The cor-
relation between salivary sIgA and salivary ECP indicates a role
for sIgA in mediating mucosal inflammation. The alterations in
Ig levels may indicate Ig isotype switching. An increasing state
of hormonal fatigue may have influenced the observed immune
alterations.
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ECP are believed to be major factors effecting tissue damage to
the airway epithelium in allergic asthma, and there is a relation-
ship between eosinophil infiltration/activation and hyperres-
ponsiveness in the airways [31].

Asthma, airway hyperresponsiveness (AHR), anaphylaxis, and
systemic histamine release by mast cells are prevalent in ath-
letes [36], while eosinophil activation, with an increase in serum
ECP, has been reported after exercise [7,8,24]. Recently, it was
hypothesized that tissue damage induced by strenuous exercise
may induce an up-regulation of humoral immunity with an in-
crease in IgE synthesis and eosinophil activation [35]. However,
this hypothesis is yet to be tested, and therefore, numerous ques-
tions remain regarding the relationship between exercise and
atopic-related responses [36].

Immunoglobulins (Ig) are the major components of the adaptive
humoral and mucosal immune system. Depending on the Ig iso-
type measured [22], moderate physical activity either stimulates
or has no effect on Ig, whereas heavy exercise or periods of in-
tense exercise training are associated with the suppression of Ig
levels [15,22]. This relationship has been demonstrated for se-
cretory (s) IgA in the saliva.

sIgA is the most prominent Ig isotype in the airways where it
serves as a first line of defence by neutralizing pathogens and in-
hibiting their adhesion to the mucosa [37]. Individuals with se-
lective sIgA-deficiency suffer a high incidence of upper respira-
tory tract infections (URTI). In athletes, however, a direct cause
and effect relationship between low sIgA and illness has not been
shown, prompting the suggestion that it should only be viewed
as a risk factor for developing infection [15].

Traditionally, sIgA has been regarded as a non-inflammatory
antibody, as no inflammatory response is initiated when sIgA in-
teracts with pathogens and/or indigenous microflora and dietary
antigens [37]. This characteristic of sIgA is crucial for preventing
the development of chronic inflammatory responses in the mu-
cosa [37]. However, recently it has been shown that sIgA is the
most potent stimulus for eosinophil activation [26]. Therefore, it
has been proposed that sIgA may also have a pro-inflammatory
function, and may be implicated in the aggravation of allergic re-
actions through activating eosinophils in the airways [37].

The Vuelta a España is an extreme endurance competition that
combines both long duration and high intensity bouts of exer-
cise, placing extreme energetic demands on participants.
Although many physiological and hormonal aspects of the race
have been assessed [11,21], no study has examined alterations
in immune response.

Therefore, the primary objective of the study was to determine
whether there was an alteration in atopic-related factors such
as IgE, eosinophils, and ECP in response to the Vuelta a España.
Secondly, we were interested in determining whether the tour
altered humoral and/or mucosal adaptive immunity, through
measuring Ig isotype alterations. Thirdly, due to the possible role
that sIgA may play in activating eosinophils, our third objective
was to examine correlations between systemic and mucosal lev-
els of IgA, IgE, ECP.

Materials and Methods

Subjects and race description
The study population was made up of 17 male cyclists from two
professional teams. Written consent was obtained from all par-
ticipants and all procedures were approved by the Ethical Com-
mittee of the European University of Madrid.

Subjects’ age, height, and weight (mean ± SD) as at the start of
the competition were 28 ± 3 years, 178.2 ± 4.6 cm, and 67.6 ±
5.2 kg. Maximum oxygen consumption (V̇O2max) was assessed
using a standard cycle ergometer protocol (V̇O2max = 74.4 ±
4.3 ml · kg–1 · min–1) [21]. The cardiovascular health of each par-
ticipant was established by a normal physical examination (in-
cluding electrocardiogram and echocardiogram) before the start
of the tour. No participant had a personal or family history of en-
docrine disorders. No exogenous substances which could inter-
fere with hormonal function were detected during routine “urine
and anti-blood doping” analysis. The incidence of allergy was re-
corded and it was noted that ten (60%) of the cyclists were asth-
matic or allergic in some form (Table 1), four from Team 1 and six
from Team 2. The team physicians also monitored the incidence
of URTI during the competition and for two weeks after comple-
tion of the race.

The Vuelta a España starts in late August on the Spanish Mediter-
ranean coast and finishes in mid September. It includes 21 daily
stages with only two days of rest. During this period, a total of
2956 km is covered. The mean distance covered per stage for
the 2003 race was 141 ± 55 km at altitudes of 0– 2200 m above
sea level, and the mean daily km covered during the first, second,
and third week were 126 ± 63 km, 155 ± 46 km, and 141 ± 59 km,
respectively. The average stage speed of the overall winner was
43.3 km· h–1. The total time spent during the race by the overall
winner was ∼ 68 hours. Daily stages started at 12 : 00 p.m. and
finished between 16 :30 p.m. and 17: 30 p.m. Temperatures usu-
ally ranged from 18 to 30 �C during the stages.

Research design
The total training of these cyclists in a year ranges from 30 000 to
37000 km. The cyclists had performed 12.2 ± 2.7 competition
days in the previous month. They underwent a tapering week be-
fore the start of the race (3 – 4 h · day–1 of easy-to-moderate bicy-
cling, the great majority of which was performed at heart rates
below 150 beats · min–1).

Three venous blood samples (15 ml) and three saliva samples
were obtained from each participant during the competition as

Table 1 Nature and incidence of allergy (n = 10/17 cyclists)

Allergy Incidence

Pollen allergy and asthmatic 4

Asthmatic and exercise induced asthma 3

Allergic rhinitis (nasal congestion and sinus pain) 2

Gastrointestinal symptoms related to a food allergy 1

McKune AJ et al. Atopic-Related Markers in Cyclists … Int J Sports Med
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follows: at T0 (one day before the competition), T1 (on the first
rest day after 10 days of racing), T2 (before the start of the last
stage after 21 days of racing). All sampling was performed after
an overnight fast and 9 h of sleep (from 12 :00 a. m. to 9: 00
a. m.) between 09 :00 a. m. and 09 :30 a. m. and at least 18 hours
after the last bout of exercise.

Saliva was collected prior to blood sampling according to a
standardised procedure [29]. Subjects were allowed to drink
water ad libitum before, with the exception of a 15-minute peri-
od prior to each saliva collection. Each subject was asked to swal-
low in order to empty the mouth before a saliva sample was col-
lected. Unstimulated whole-saliva samples were then collected
over a 4-min period into pre-weighed tubes. These samples were
then weighed, with saliva volume being measured to the nearest
0.1 ml. The samples were spun at 1500 × g for 15 min at room
temperature. The clear sample was then separated by pipette in-
to appropriate tubes and stored at – 80 �C until analysis.

Blood samples were drawn from an antecubital vein with sub-
jects in a seated position. Routine complete blood counts (CBC)
were performed by a clinical haematology laboratory, and
provided leukocyte subset counts. For Ig and ECP analysis, blood
samples were allowed to clot at room temperature and then cen-
trifuged at 2 000 × g for 20 min at 4 �C. Separated serum was then
aliquoted (0.5 ml) and stored at – 80 �C until analysis.

Nutrition, hydration, timing of food intake and sleep on the days
prior to sampling were held constant, which is normal practice in
cycling competitions, in order to maintain circadian rhythms
[14,16].

Immunoglobulin
Salivary secretory (S) IgA (μg IgA · ml–1) was determined using an
indirect enzyme immunoassay kit (Salimetrics, State College,
USA). The concentration of saliva was expressed in two ways: 1)
absolute concentration of salivary sIgA (μg sIgA · ml–1); 2) sali-
vary sIgA secretion rate (s-IgA) (μg sIgA · min–1), or the total
amount of sIgA appearing on the mucosal surface per time unit.
sIgA secretion rate was calculated by multiplying absolute sIgA
concentration by saliva flow rate (ml · min–1). Saliva flow rate
was calculated by dividing the total amount of saliva obtained
in each sample (ml) by the time taken to produce the sample
(4 min) [29]. All samples were analysed in duplicate with the in-
ter- and intra-assay coefficients of variation lower than 3.5% and
3.7%, respectively.

The total amount of serum IgM, IgA, IgG, and IgG subclasses was
quantified by incubation with appropriate antisera (anti-human
IgM, IgA, IgG and IgG1, IgG2, IgG3, and IgG4 – Behring, Germany).
The amount of complex (immunoglobulin-anti immunoglobu-
lin) formed was measured by light scatter, using laser nephelom-
etry (Behring, Germany) and the amount of antibody present,
quantitated by comparison with standards of known concentra-
tion. All samples were analysed in triplicate with the inter- and
intra-assay coefficients of variation lower than 1.9% and 2%, re-
spectively

The total serum IgE and salivary IgE was determined with the use
of the Alastat Microplate Total IgE kit (Diagnostic Products, USA)

according to the manufacturer’s instructions and by comparisons
with a known range of standard IgE concentrations. All samples
were analysed in triplicate with the inter- and intra-assay coeffi-
cients of variation lower than 2% and 2.5%, respectively for se-
rum IgE, and lower than 4.3% and 5.2% for salivary IgE.

Serum and salivary eosinophil cationic protein (ECP)
Serum and salivary ECP concentrations were determined by a ra-
dioimmunoassay technique (ECP-RIA; Pharmacia; Stockholm.
Sweden) as described by Petersen [30]. All samples were ana-
lysed in triplicate with the inter- and intra-assay coefficients of
variation lower than 3% and 3.1%, respectively for serum ECP,
and lower than 4.8% and 5.5% for salivary ECP.

Cortisol
Serum cortisol concentrations were measured by competitive
chemiluminescence immunoassay (Bayer ADVIA Centaur® im-
munoassay system; Bayer HealthCare LLC Diagnostic Division,
Tarrytown, NY, USA). The coefficients of inter-assay and intra-as-
say variability averaged 3.23% and 2.97%, respectively.

Statistical analysis
Due to the possibility that an allergic/atopic disposition may al-
ter the way that the immune system responds to exercise it was
decided to group athletes into an atopic group and a normal
group to determine any significant differences in response to
the cycling competition. Since there was no significant interac-
tion or group effects, all subjects were combined into one group.
A repeated measures analysis of variance (ANOVA, 1 × 3) was
used (SAS, Cary NC, USA) to determine whether there were any
significant differences (p < 0.05) across time for the serum and
saliva variables. When appropriate, Bonferroni post hoc tests
were performed. Pearson product-moment correlations were
used to test the relationship between serum and salivary varia-
bles, specifically serum IgA and salivary SIgA, serum ECP and
salivary ECP, serum IgE and salivary IgE, as well as between sali-
vary ECP and salivary SIgA.

Results

The nature and incidence of allergy is shown in Table 1. There
were no reports of URTI during or for two weeks after the race.
Plasma volume was not significantly different and body mass
was maintained near pre-race levels over all three sampling time
points (individual changes < 10% and < 5%, respectively). Sub-
jects experienced a moderate neutrophilia (T1: + 17%, T2: + 19%
increase), however lymphocytes (T1: – 16%, T2: – 15%), mono-
cytes (T1: – 50%, T2: – 33%), and eosinophils (T1: – 32%, T2:
– 55%) all decreased from pre-race levels (Table 2). These re-
sponses were all significant (p < 0.01).

Immunoglobulin
The pre- and post-race levels of serum IgM, IgA, total IgG, IgG2,
IgG3, IgG4 were at the low end of the laboratory established nor-
mal reference ranges (Figs. 1– 4) at all three sample times. IgG1
level was 2 – 14% lower, while IgE was 40 to 50% higher, than
the normal range at all three sample times. Significant altera-
tions in serum Ig level were found during the race compared to
pre-race levels.

McKune AJ et al. Atopic-Related Markers in Cyclists … Int J Sports Med
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Immunoglobulin A
Serum IgA concentration was significantly lower at T1 and T2
compared to the pre-race level. Serum IgA decreased signifi-
cantly from 1.84 ± 0.18 g/l pre-race to 1.65 ± 0.14 g/l at T1 (10% de-
crease, p = 0.0002) and 1.67 ± 0.14 g/l at T2 (9% decrease, p = 0.01)
(Table 3).

The saliva flow rate was not significantly different at each of the
sampling time points. Salivary sIgA concentration decreased sig-
nificantly from 662 ± 91 μg · ml–1 pre-race to 469 ± 61 μg · ml–1, at
T2 (30% decrease, p = 0.02). The salivary sIgA secretion rate de-
creased significantly from 715 ± 120 μg · min–1 pre-race to
455 ± 69 μg · min–1, at T2 (36% decrease, p = 0.008) (Table 3).

Immunoglobulin M
Serum IgM concentration was significantly lower at T1 and T2
compared to the pre-race level. IgM decreased significantly from
1.17 ± 0.11 g/l pre-race to 0.96 ± 0.10 g/l at T1 (18% decrease,
p < 0.0001), and 0.99 ± 0.09 g/l at T2 (16% decrease, p = 0.0001)
(Fig. 1).

Immunoglobulin G
Compared to pre-race values, serum IgG was significantly lower
during the race. IgG decreased significantly from 8.27 ± 0.26 g/l

pre-race to 7.14 ± 0.25 g/l at T1 (14% decrease, p < 0.0001) and
7.69 ± 0.28 at T2 (7% decrease, p = 0.002) (Fig. 2).

Immunoglobulin G1, G2, G3, and G4
The levels of IgG1 and IgG2 responded similarly to total IgG dur-
ing the cycle race. Fig. 3 shows that the IgG1 level decreased sig-
nificantly from 4.82 ± 0.13 g/l pre-race to 4.21 ± 0.15 g/l at T1 (13%
decrease, p < 0.0001) and 4.54 ± 0.18 at T2 g/l (6% decrease,
p = 0.003). IgG2 decreased significantly from 2.55 ± 0.18 g/l pre-
race to 2.11 ± 0.15 g/l at T1 (18% decrease, p < 0.0001) and
2.24 ± 0.16 g/l at T2 (13% decrease, p = 0.003). Fig. 3 shows that
IgG3 and IgG4 were not altered during the cycle race.

Immunoglobulin E
Fig. 4 shows that the serum IgE level was increased significantly
from 145 ± 38 KU/l pre-race to 159 ± 38 KU/l at T1 (10% increase,
p = 0.009). Serum IgE remained elevated at T2, 159 ± 37 KU/l (10%
increase) although this value was not significant (p = 0.3).

Salivary IgE increased from 0.97 ± 0.5 KU/l pre-race to 2.28 ± 1.55
KU/l at T1 (135% increase) and 2.67 ± 1.41 KU/l at T2 (175%),
however the increases were not significant (p = 0.2). This was
most likely due to the large individual variation found in the sali-
vary IgE levels (Fig. 4).

Eosinophil cationic protein (ECP)
The level of serum ECP increased from 4.57 ± 0.47 μg/l pre-race to
8.39 ± 2.22 μg/l at T1 (84% increase) however this value was not
significant. Serum ECP level continued to rise and by T2 had in-
creased to 11.67 ± 2.39 μg/l, a 155% increase which was signifi-
cant (p = 0.01) (Fig. 5).

Salivary ECP increased significantly from 7.28 ± 1.50 μg/l pre-race
to 15.52 ± 3.90 μg/l at T1 (113% increase, p = 0.03) but returned to
pre-race levels by T2 (6.39 ± 2.11 μg/l). This was a significant de-
crease from T1 (59% decrease, p = 0.02) (Fig. 5).

Cortisol
Serum cortisol decreased significantly from 25.03 ± 1.29 μg/dl
pre-race to 20.16 ± 1.96 μg/dl at T2 (20% decrease, p = 0.04). Cor-

Fig. 1 Immunoglobulin M level (mean ± SE). Note: ✠; p ≤ 0.0001, sig-
nificant change from pre-race.

Table 2 Leukocyte subset counts (n = 17) (mean ± SE)

Variable T0
(pre-race)

T1
(1st rest day)

T2
(last stage)

Total leukocytes
(109/l)

6.23 ± 0.74 6.65 ± 0.47* 7.63 ± 0.49*

Neutrophils (%) 46.12 ± 2.81 55.50 ± 2.41* 57.03 ± 2.07*

Lymphocytes (%) 41.51 ± 2.91 35.03 ± 2.82* 35.29 ± 1.99*

Monocytes (%) 8.61 ± 0.69 4.34 ± 0.59* 5.75 ± 0.28*

Eosinophils (%) 3.17 ± 0.52 2.17 ± 0.78* 1.42 ± 0.32*

* p < 0.05, change from pre-race

Fig. 2 Immunoglobulin G level (mean ± SE). Note: ✠; p ≤ 0.01, signifi-
cant change from pre-race.
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tisol was also decreased (10%) at T1 (22.72 ± 1.31 μg/dl), however
this was not significant (Fig. 6).

Serum and mucosal correlation
Pearson product-moment correlations revealed modest, signifi-
cant correlations (p < 0.01) at T1 (r = 0.30) and T2 (r = 0.48) be-
tween salivary ECP and salivary sIgA concentration, as well as be-
tween salivary ECP and salivary sIgA secretion rate (T1: r = 0.35,
T2: r = 0.36). Significant correlations (p < 0.01) were also found at
T1, but not T2, between serum IgA and salivary sIgA concentra-
tion (r = 0.31), serum IgA and salivary sIgA secretion rate
(r = 0.31), and serum ECP and salivary ECP (r = 0.37). There was
no significant correlation between salivary and serum IgE.

Discussion

This study demonstrated significant alterations in atopic-related
factors and mucosal and humoral adaptive immune responses
during the Vuelta a España. There was a significant increase in
IgE (serum) and ECP (serum and saliva), while blood eosinophils
and serum IgM, IgG, IgG1, IgG2, IgA, and salivary sIgA were sig-
nificantly decreased. Interestingly, there was a modest correla-
tion between salivary ECP and salivary sIgA during the race. In
addition, cortisol level was significantly decreased by the end of
the race, suggesting that the immune alterations occurred during
a state of “hormonal fatigue”.

The elevation in IgE and ECP represents an increase in atopic-
related factors during the race. This result supports previous
findings of a high prevalence of asthma and AHR in the athletic
population [19], increased airway inflammatory cells in endur-
ance athletes [2], as well as allergic/atopic disorders in the over-
training syndrome (OTS) [12]. Interestingly, it has been suggest-
ed that frequent episodes of ECP peaks may create a higher risk
for developing exercise-induced and allergic asthma [7]. How-
ever, the effect of repeated episodes of ECP elevation on AHR in
healthy subjects has not been established [7]. The above findings
suggest that athletic training or strenuous endurance exercise
may promote an atopic disposition [36]. However, further re-
search is required to determine the clinical significance of the ex-
ercise-induced increase in atopic-related factors.

The link between the hypothalamic-pituitary-adrenal axis and
immune function has been well documented [4,9] and endocrine
factors have been shown to influence the immune response to
exercise [10,38]. However, the mechanism underlying the sup-
pression of Ig and antibody in elite athletes undergoing prolong-
ed period of intense exercise is speculative. It has been suggested
that the neuroendocrine system plays an important role in Ig and
antibody response to exercise [22]. Excessive training has been
shown to dampen the sympathetic nervous system (SNS), specif-
ically depleting norepinephrine (NE) production, and response to
exercise [20]. NE plays a crucial role in antibody synthesis [33]
and therefore, depletion may result in suppressed antibody lev-

Fig. 3 Immunoglobulin G1, 2, 3, and 4 lev-
els (mean ± SE). Note: ✠; p ≤ 0.01, significant
change from pre-race (NR = normal range).

Table 3 Salivary and serum IgA (n = 17) (mean ± SE)

Variable T0 T1 T2 Normal range

Saliva flow rate (ml · min–1) 1.08 ± 0.11 1.08 ± 0.12 0.97 ± 0.11

SIgA concentration (μg · ml–1) 662 ± 91 760 ± 140 469 ± 61*

SIgA secretion rate (μg · min–1) 715 ± 120 820 ± 165 455 ± 69**

Serum IgA (g/l) 1.84 ± 0.18 1.65 ± 0.14*** 1.67 ± 0.14** 0.7 – 4.0 g/l

* p < 0.05, ** p < 0.01, *** p < 0.001, change from pre-race
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els and an impaired ability to mount an antibody response [22].
The Vuelta a España has been shown to induce a state of “hormo-
nal fatigue”, dampening the hypothalamic-pituitary-adrenal ax-

is, specifically cortisol levels [11,21]. This state was confirmed
once again in the present study. Therefore, it is possible that the
SNS and associated release of NE was also dampened, which may
explain our suppressed Ig results. In addition, it may be that the
absence of adequate levels of cortisol could in part be responsible
for the increased level of IgE. Glucocorticoids/corticosteroids are
used to treat allergic patients and have been shown to lower se-
rum IgE levels [17,18,27]. It is possible that normal cortisol levels
are required to suppress IgE production. However, when cortisol
levels are reduced, the status quo is altered and there is an in-
crease in serum IgE.

Exercise-induced Ig isotype switching may be an additional ex-
planation for the elevation in IgE and suppression of IgM, IgA
and IgG, IgG1 and IgG2 found in the present study. Although not
measured, the TH2 cytokines, IL-4, IL-6, and IL-13 are responsible
for Ig isotype switching of IgM, IgG, or IgA to IgE in atopic indi-
viduals [32]. Further research is required to elucidate the rela-
tionship between exercise, cytokines, and Ig isotype switching.

Similar to serum Ig, the mechanism responsible for decreases in
salivary sIgA, observed after intense exercise, and during periods
of intensive training, is speculative [15]. It has been proposed
that an alteration or damage to the oral mucosal surfaces due to
high ventilatory flow during exercise results in suppressed sIgA
secretion. This is possibly due to decreased transport of sIgA
across the mucosal epithelium [22].

We would like to propose an additional mechanism for the de-
creased level of salivary sIgA. Research has demonstrated that sI-
gA is the most potent activator of eosinophils in the mucosa
[3, 26]. Although previously regarded as a non-inflammatory
antibody, it has recently been proposed to be the principle Ig me-
diating inflammatory diseases associated with mucosal eosino-
phils, such as atopic diseases and parasitic infection [25]. There
is a positive correlation between eosinophil infiltration into the
mucosa and enhanced sIgA production [1,13]. With this relation-
ship in mind we propose that, after strenuous endurance exer-
cise, the binding of sIgA to mucosal eosinophils results in the
measurement of a suppressed level of salivary sIgA. Our results
support such a mechanism, as not only did we show a modest
correlation between decreased salivary sIgA and ECP (saliva and
serum), a marker of eosinophil degranulation, but also a decrease
in serum eosinophils. It has been suggested that the blood eosin-
openia [34], observed immediately after endurance exercise, re-
presents an enhanced migration of serum eosinophils to airway
tissues [7]. These “migrated” eosinophils may have been the
source of ECP, once they had been activated by sIgA. The finding
suggests that sIgA plays an important role in regulating mucosal
inflammation. The protective or pathological significance of this
after strenuous endurance exercise requires further study.

Conclusion

In summary, the Vuelta a España up-regulated atopic-related fac-
tors, suggesting the need for additional research into the rela-
tionship between exercise and the development of an atopic dis-
position. In addition the race altered the humoral adaptive im-
mune system, which may have been due to alterations in the

Fig. 4 Serum and salivary immunoglobulin E levels (mean ± SE). Note:
✠; p < 0.01, significant change from pre-race.

Fig. 5 Serum and salivary ECP levels (mean ± SE). Note: ✠; p < 0.05,
significant change from pre-race.

Fig. 6 Cortisol levels (mean ± SE). Note: ✠; p < 0.05, significant
change from pre-race.
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neuroendocrine system, or Ig isotype switching regulated by cy-
tokines. To the best of the authors’ knowledge this is the first
study to demonstrate a relationship between salivary ECP and
salivary sIgA in response to exercise. It is possible that the de-
crease in salivary sIgA after strenuous endurance exercise may
be due to its role in the activation of mucosal eosinophils. Fur-
ther research is required to elucidate the relationship between
exercise, sIgA, and eosinophil activation. This may help explain
the recent suggestion that airway inflammation processes may
contribute to the increased incidence of URTS in elite distance
runners [6]. Finally, these immune alterations occurred during a
state of “hormonal” fatigue. This suggests that the Vuelta a Espa-
ña represents a unique model for understanding the regulation
of immune responses by the hypothalamic-pituitary-adrenal ax-
is.
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