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Introduction

Abstract

Asthma is not rare in elite athletes being more frequent in en-
durance sports practiced outdoors. In three moments of the sea-
son, we studied an elite kayaking marathoner with recurrent crises
of exercise-induced bronchoconstriction aggravated when training
hard in a cold environment.

Blood collection was realized at the beginning of the season
(M1), after the winter championships (M2), and after the summer
championships (M3). Total leukocyte, neutrophils, and lymphocyte
counts decreased from M1 to M2 and tended to recover in M3
while monocytes showed the opposite behavior. The two lineages
of T cells (af and y6) showed slight variations during the season.
From a very low initial value, CD19+ B cells increased progressively
during the season. In M2, memory cells (CD45R0+) increased while
naive cells (CD45RA+) decreased. These changes were reverted
in M3. The CD4+/CD8+ ratio, despite the variations seen during
the season, was always below the laboratory reference values for
healthy subjects.

We report the variations of the immunophenotype profile dur-
ing the season, in an elite endurance athlete.
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Methods

In athletes, strenuous bouts of prolonged exercise are asso-

Subject

ciated with depressed immune cell function while light to mod-
erate exercise seems to enhance the immune response [28,33].
In general, immune function depression induced by exercise is
most pronounced when exercise is continuous, prolonged, of
moderate to high intensity, and performed in a fasting state
[12]. Intense and prolonged exercise may induce a transitory
period of immune frailty (“open window”) which may last be-
tween 3 and 72 hours, and increase athletes’ susceptibility to
infection [33]. Recurrent periods of intensified training can re-
sult in marked depression of the immune function. Although,
elite athletes often show no clinical signs of immune suppres-
sion, frequent intense physical loads may lead to an altered
immune profile that may increase the susceptibility to Upper
Respiratory Tract Infections (URTI) [40] which can be augment-
ed when environmental conditions are not favorable [24]. This
study aimed to evaluate the changes in the immune system dur-
ing a competitive season in a marathon kayaker.

A 30-year-old elite paddler specialized in marathon races
which integrates the Portuguese team in international competi-
tions as the World and European marathon championships was
studied. The evaluation was performed in three moments: in
September at the beginning of the season after 15 days of rest-
ing (M1), in March, after the completion of the Winter National
Championship (M2), and in July after the Summer National
Championship (M3). This study was conducted in accordance
with the policy statement of the Declaration of Helsinki, adopt-
ed by the World Medical Association, regarding the ethical prin-
ciples for medical research involving human subjects and ap-
proved by the Ethical Committee of the Faculty of Sport of the
University of Porto, Portugal. The subject was informed of the
risks associated with their participation before giving voluntary
written consent.
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Clinical Status

The kayaker participant in this study showed recurrent crises
of Exercise-Induced Bronchoconstriction (EIB) during training
in cold environments. He was otherwise healthy, showing ex-
cellent physical conditioning, as assessed by specific (kayaking)
and unspecific (physical conditioning) testing.

The first moment of the evaluation was performed after
15 days of complete rest following the end of the precedent
competitive season that finished with the withdrawal during
the World Marathon Championship due to acute upper respira-
tory constraints provoked by the dramatic fall (- 20° Celsius) of
the air temperature on the racing day. The kayaker had never
been under treatment for the bronchial complaints and his
symptoms only occurred during strenuous exercise. He was
prescribed salbutamol 100 pg (4 puffs) bid and during exacer-
bations budesonide 200 id.

Training Program

The kayaker clearly defined two peaking phases, the first
ending with the Winter Championships (WC), and the second
ending with the Summer Championships (SC). WC consists of
5000 m races in K1, K2, and K4. SC consists of a 35 km K1-mara-
thon that usually selects participants for international competi-
tions, namely European and World Championships.

Training Microcycle (basal model) at the beginning of the
season

All training sessions began with a specific warm-up period
(e.g. calisthenics for strength training and low-intensive pace
for water sessions) usually lasting between 10 and 20 min.

Monday
Morning (M) - Rest

Afternoon (A) — 30’ running at a moderate pace + Endurance
strength training (Circuit training. 10 exercises, 40% of maximal
load, 5 circuits, 1’/1’ work/rest ratio, 5’ total rest after each cir-
cuit.

Tuesday

M — Water. 1 h of low-intensity steady-state kayaking (70% of
maximal heart rate (MHR))

A — Water. 12 x 10“maximal sprints with full recovery
Wednesday
M — Water. 1h10’. Long intervals. 5 x 2000m (80% MHR)

A — 30’ running at a moderate pace + Strength training. Ex-
tensive hypertrophy. 6 exercises (bench press; semi-squat; bi-
ceps curl; French curl lying down; bench pull; pull-ups), 12-15
Repetitions Maximum (RM). 5 sets each exercise, 2-3’ of rest
between exercises.

Thursday
M — 1h of mountain bicycle in the wild

A — Water. VO,max intervals. 2 x 8 x (400m at 90% MHR), 60
s and 3 min recovery between intervals and sets, respectively.

Friday

M — Water. 1 h of low-intensity steady-state kayaking (70% of
maximal heart rate (MHR)).

A — 30’ running at a moderate pace + Strength training.
Extensive hypertrophy. 6 exercises (bench press; semi-squat;
biceps curl; French curl lying down; bench pull; pull-ups), 6-8
Repetitions Maximum (RM). 5 sets each exercise, 2-3’ of rest
between exercises.

Saturday

M — Water. 1h15’ fartlek. Pacing variations are determined
by the athlete’s motivation and physical conditioning.

A — 45’ running at moderate pace + 30’ general calisthenics
Sunday

M — 20-25 km at a moderate pace (70% of maximal heart
rate)

A —Rest

Training microcycle (basal model) after the Winter National
Championship

- Monday
M - Rest

A — 30’ running at a moderate pace + Endurance strength
training (Circuit training. 10 exercises, 40% of maximal load, 5
circuits, 1’/1’ work/rest ratio, 5’ total rest after each circuit.

- Tuesday

M — Water. 2 h of moderate-intensity steady-state kayaking
(80% of maximal heart rate (MHR)) ending with 8 x 10“maximal
sprints with full recovery

A — Water. 1 h of low-intensity steady-state kayaking (60%
MHR)

- Wednesday

M — Water. 1h30". Long intervals. 7 x 2000m (80-85% MHR),
recovery 3’ at very slow pace

A — Strength training. Extensive hypertrophy. 6 exercises
(bench press; semi-squat; biceps curl; French curl lying down;
bench pull; pull-ups), 12-15 Repetitions Maximum (RM). 5 sets
each exercise, 2-3’ of rest between exercises.

- Thursday

M — 1h of running. Speed training. Several skipping exercises
+ 8 x 30 m (100%), with full recovery

A—Water. VO2max intervals. 2 x 10 x (400m at 90% MHR), 60
s and 3 min recovery between intervals and sets, respectively.

- Friday

M — Water. 1 h of low-intensity steady-state kayaking (70% of
maximal heart rate (MHR)).

A — 30’ running at a moderate pace + Strength training.
Extensive hypertrophy. 6 exercises (bench press; semi-squat;
biceps curl; French curl lying down; bench pull; pull-ups), 6-8
Repetitions Maximum (RM). 5 sets each exercise, 2-3’ of rest
between exercises.

- Saturday

M — Water. 1h35’ fartlek. Pacing variations are determined
by the athlete’s motivation and physical conditioning.
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A — 45’ running at moderate pace + 30’ general calisthenics
- Sunday

M — 35 km at a moderate pace (70-80% of maximal heart
rate)

A —Rest
Blood Sampling

Blood collection was performed after overnight fasting and
following a 2-day period of physical training avoidance. Venous
blood samples (5 ml) were drawn by puncture of the antecu-
bital vein with the subject in a seated position, after 15 min
of complete resting and into ethylenediaminetetraacetic acid
(EDTA) vacutainers and processed within six hours.

Analytical Procedures

A Complete Blood Count (CBC) was obtained using an auto-
mated blood counter (XE-5000. Sysmex Corporation, Kobe, Ja-
pan) and lymphocyte subset immunophenotypes were charac-
terized by multiparametric flow cytometry study (FACSCanto II,
Becton Dickinson Biosciences (BD), San Jose, CA, USA). Immu-
nophenotype data analysis was performed using the INFINICYT
(Cytognos, Salamanca, Spain) software program.

Total leukocytes and differential count for five populations
were obtained using standard procedures (Max M - Coulter
Electronics ®).

Immunophenotyping

Mouse monoclonal antibodies were used and directed
against leukocyte cell surface antigen and conjugated to Fluo-
rescein Isothiocyanate (FITC) or Phycoerythrin (PE). Cluster,
clone, fluorescent stain, origin, and antibody specificity are
summarized in Table 1.

Samples Preparation for Flow Cytometry

Lymphocyte subsets were determined through direct im-
munofluorescence. EDTA-treated blood was incubated (20 min,
429C, dark) with 15 pl of monoclonal antibodies conjugated with
FITC or PE. Subsequently, erythrocytes were lysed for 10 min
with 2 ml of Facs Lysing Solution ® (BD). Finally, the cells were
washed in PBS, centrifuged at 1500 r/min, and maintained
again in PBS. List mode files were acquired within two hours in
a flow cytometer (FACScan,BD).

Table 1: Cluster, clone, fluorescent stain, origin, and antibody specificity.

Fluoro- . Main cell
Cluster Clone Origin .
chrome reactivity
CD3+ FITC SK7 BD* T cells
Hel in-
D4+ PE SK 3 cres  Helper/in
ducer T cells
CD4+CDA5RA+ FITC 2H4 CT ** | CD4 "naive"
Cytotoxi -
cD8+ PE SK 1 pp+ | Cvtotoxic/sup
pressor T cell
T cells, not
CD57+/CD8+ FITC/PE HNK-1,SK 1 BD * )
restri. to MHC
SK7,B73.1, Natural Killer
CD3-CD16+&56+ FITC/PE BD *
My 31 cells
CD19+ FITC 4G7 BD * B cells
Cytotoxic T
TCRyd PE 11F2 BD * ¥ X
cells CD4-CD8-

Legend: *BD, Becton Dickinson, San José, California, USA; ** CT, Coulter Elec-
tronics.; fluorescein isothiocyanate (FITC); phycoerythrin (PE); Isotype controls
from BD and Coulter were used.

Table 2: Immune changes during a competitive kayaking season.

Cells M1 M2 M3
Leukocytes ? 6.27 4.96 5.5
Lymphocytes ? 2.41 1.77 2.23
Lymphocytes (%) 38.4 35.7 40.5

Neutrophils 2 31 2.5 2.8

Neutrophils (%) 49.2 50.2 50.3
Neut/Lymp. ratio 1.28 1.41 1.25
Monocytes ? 0.4 0.6 0.3
Monocytes (%) 7 11.1 5.8
Eosinophils 2 0.3 0.1 0.1
Eosinophils (%) 5.1 2.4 2.6
Basophils @ 0.02 0.03 0.04
Basophils (%) 0.3 0.6 0.8

2(x 10°/L); M1 — Basal values, after 15 days of resting; M2 — After Winter Na-
tional Championship; M3 — After Summer National Championship

Data Collection and Analysis

It used the software for research FACScan Lysis Il 1.1. (BD),
drafting graphics of points for lymphocyte separation using
Frontal dispersion windows (FSC) versus lateral dispersion win-
dows (SSC) and confirmed by the gate in CD45 versus SSC, with
windows in the cells with the highest fluorescence intensity in
CD45. One thousand events were analyzed. For the multipli-
ers FL1 and FL2, 600 and 581 volts were applied, respectively
with a linear amplification for FL1 and a spectral compensation
for FL2. To confirm the analyzed population, the lymphocyte
percentage obtained was compared with the different values
of the five subpopulations, and the result was obtained with
the first graphic of points — FL1 versus SSC — using CD45/CD14
(Leucogate - BD). Cells showing the double mean fluorescence
intensity compared to the negative control were considered
positive.

Results

A clear variation in absolute leukocyte counts was seen dur-
ing the season (Table 1), with leukocyte, lymphocyte, and neu-
trophil absolute count values decreasing 32%, 26%, and 19%
respectively, and monocyte absolute counts increasing 50% be-
tween M1 and M2. In M3, the tendency was to return to initial
values. Basophils increased during the season while eosinophils
decreased between M1 and M2 and remained stable in M3.

Immunophenotype also changed throughout the season
(Table 2), with some T cells (CD3+) subpopulations decreasing
(CD3+ 7%, CD3+ ap 6.9%, CD3+ y& 34%, CD8+ 18%, CD45RA
36.4%) or increasing (HLA-DR 1088%, CD4+ 28.1%, CD25+ 24%,
CD45R0 136.3%, and CD4+/CD8+ 66%), and an increase in B
cells (CD19+ 136.8%) between M1 and M2. In M3, almost all
indicators tended to return to initial values.

Discussion

This study aimed to analyze the alterations induced by train-
ing and competitions on the immune profile of an elite mara-
thon kayaker with the recurrent crisis of exercise-induced airway
hyperresponsiveness. Elite kayakers, particularly marathon-
ers, are characterized by long periods of strenuous daily train-
ing workouts that can induce marked acute immune changes.
These changes are transient and usually revert after 24 hours
[23,26]. However, training continuity can impair complete im-
mune recovery eliciting chronic adaptations, which can alter
the immune status of the athletes. The alterations observed in
this study, are almost all within the laboratory reference values,
which makes clinical validation difficult. It seems that except for
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Table 3: Lymphocyte subsets change during a competitive kayaking
season.

Cells: x 10°/L (% of lym-
phocytes) M1 M2 M3

CD3+ 1.91(79.4%) @ 1.31(73.8%) | 1.69 (76.2%)
CD3+CD16+/56+ 3% 0.7% 2.3%
CD3+ap 1.72 (71.7) 1.18 (66.7) 1.55(69.7)
CD3+y6 0.098 (4.1) 0.047 (2.7) 0.082 (3.7)
CD3+HLA-DR 0.031(1.3) 0.42 (23.6) 0.035 (1.6)
CD3+CD25+ 0.27 (11.3) 0.25 (14.3) 0.30(13.9)
CD4+ 0.68 (28.4) 0.64 (36.4) 0.67 (30.3)
CD4+CD45RA 0.32(13.3) 0.39 (22.3) 0.33(14.8)
CD4+CD45R0O 0.41(17.1) 0.32(18.1) 0.36 (16.2)
CD4+CD25+ 0.26 (10.7) 0.21(11.9) 0.24 (11.0)
CD8+ 1.28 (53.2) 0.77 (43.6) 1.11 (50.0)
CD8+CD45RA 1.03 (42.7) 0.35(19.9) 0.89 (40.0)
CD8+CD45R0O 0.19(7.9) 0.50 (28.5) 0.23 (10.6)
CD3-CD8+ 8.5% 11.3% 8.7%
CD16+/56+ 0.56 (24.3) 0.37 (21.2) 0.49 (22.0)
CD19+ 0.05(1.9) 0.07 (4.5) 0.16 (7.1)
CD25+ 13.2% 16.4% 17.2%
CD56HLA-DR 0.1% 2.6% 0.2%
CD94+ 0.37 (15.2) 0.37 (20.9) 0.31(14.0)
CD94HLA-DR 0.1% 5.4% 0.2%
HLA-DR 0.07 (2.7) 0.57 (32.1) 0.18 (8.0)
CD45RA 1.73(71.8) 0.80 (45.7) 1.63(73.0)
CD45R0O 0.65 (27) 1.12 (63.8) 0.64 (28.6)
CD4+/CD8+ ratio 0.50 0.83 0.60

salivary IgA, clear and consistent markers of immunodepression
in athletes remain elusive [38].

In general, all immunological indicators that changed be-
tween M1 and M2 tend to return to their initial values in M3,
which is in line with the results found by Bobovcak et al. [4]
in top athletes in different moments of the season. Total leu-
kocyte counts markedly decreased, which was accompanied by
the concomitant decrease in neutrophils and lymphocytes. Low
basal leukocyte and neutrophil counts are common in athletes
engaged in stressful exercises either due to the eventual trans-
location to peripheral sites of potential antigen encounter (e.g.
lungs, gut) or due to clearance of muscle debris by phagocytosis
[11,16,34]. Lymphocyte decrease in our study conflicts with the
results obtained by Hatch-Mcchesney et al. [16] after 22 weeks
of military training who showed the opposite behavior. The
marked increase in monocytes may be related to arduous train-
ing. A high basal number of monocytes increases the produc-
tion of prostaglandins resulting in eventual immunosuppression
[48]. These biomarkers return to initial values in M3. As train-
ing volume increased after M2 we can speculate that this im-
provement is the outcome of less aggressive climatic conditions
reducing exercise-induced bronchoconstriction and the subse-
quent inflammatory processes [44,47]. Asthmatic patients are
characterized by high levels of eosinophils [15]. The decrease
seen in M2 can be attributed to the efficacy of the anti-asthma
drugs which eventually attenuated allergic reactions. Basophils
ranged within laboratory normal ranges and showed a slight
increase during the season. T lymphocytes (CD3+) decreased
from M1 to M2 increasing in M3 which is partially supported by
Baj et al. [2] who verified a significant decrease in the absolute
number of CD3+ cells throughout a cycling season but conflict
with Rodrigues dos Santos et al. [41] who verified high stability
in these immune cells. T cells in our kayaker are markedly higher

than those seen in the young military before and after 22 weeks
of military training [16].

Both, CD3+af and CD3+ y& cells showed slight variations
which can be considered an index of good immune surveillance
[5,10,41]. CD3+ y&é cells which have a broad spectrum of im-
mune functions are clearly mobilized during exhaustive exercise
but return to baseline values within 15 min [1].

In humans, 2-4% of CD4+ cells express CD25+. Our athlete
displayed higher values presumably associated with his clinical
status [15], improved prevention against autoimmunity [6], or
increased immune alertness [31].

Training does not significantly affect immune cells expressing
HLA-DR [21] whose mean clinical reference value is 2.2% (1.3
— 4.0). In our study, the dramatic peak in M2 can be related to
the elevated number and percentage of activated monocytes
[9] and other immune cells which is a characteristic of trained
subjects. High values of cells expressing HLA-DR can be deleteri-
ous to the immune status [34].

After both moderate (50% VO2max) or intense (80% VO-
2max) exercise NK cells count increases dramatically, but re-
turns to basal levels 3.5 h post-exercise [35]. As a chronic ad-
aptation, NK cell count may decline during prolonged intense
physical training [27]. In M1 our paddler showed high basal
values, above the highest laboratory reference value, that re-
mained stable throughout the season and were similar to those
found in marathon runners [34] but completely different from
military trainees [16 whose basal values (6.4+4.3%) increased
(9.246.7%) after 22 weeks of military training. Can be raised
the hypothesis that our kayaker’s respiratory condition involves
both allergen-specific T helper type 2 cells i.e. adaptive immu-
nity [49] and innate immunity.

The cluster of differentiation CD94+ is a cell surface mole-
cule involved in MHC | recognition by NK and activated/memory
CD8+ cells [14]. The percentage of cells expressing CD94+ did
not change after exercise [17] and showed longitudinal stabil-
ity in highly trained athletes [39]. Our results confirm these as-
sumptions.

CD4+ cells (M1: 684; M2: 644; M3: 675 cells/uL) varied
slightly during the season which is in line with the study of Hunt
et al. [19] in healthy active subjects but conflicts with Makras
et al. [28] who showed a significant increase in CD4+ cells after
4 weeks of intermittent moderate exercise while Weiss et al.
[50] showed a significant decrease in CD4+ cells after 4 weeks
of anaerobic training (weight lifting and interval training). The
exercise mode and physical status of the subjects can be the
reasons for this discrepancy.

CD8+ cells respond to diverse antigens presented by MHC
class | molecules by proliferating, secreting cytokines and che-
mokines, and directly lysing infected cells [3]. In a cohort of 273
healthy Chinese mean values for CD8+ T cells were 515+27.2
cells/ uL [51], and in active healthy subjects, after 30 min of cy-
cling, values increased from 338+120 cells/uL to 5124214 cells/
pL [19]. In trained athletes, the CD8+ cell percentage is higher
(33+5% of total lymphocytes) than in athletic inactive persons
[8], however, it was found lower values in athletes [7,46]. The
high values in this study conflict with other studies. High val-
ues of CD8+ T cells are important to cope with intramuscular
inflammation and help to facilitate muscle tissue regeneration
[37] which fits well with the arduous training that characterizes
this elite kayaker. Moreover, urges to highlight the contribution
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of CD8+ T cells to the suppression of airway hyperresponsive-
ness and airway inflammation [45]. In athletes, B-lymphocytes
account for 11+3% of circulating lymphocytes [8]. Albeit B cell
counts are very stable [41] and did not vary during a swimming
season [13], periods of strenuous training can decrease CD19+
cells [29,43] what conflicts with our results. The initial value
(M1) is very low and clearly out of the reference values [32],
and can be related to the migration of B cells to the upper res-
piratory tract tissues and subsequent apoptosis [36], situation
progressively reverted in M2 and M3 possibly due to anti-asth-
ma therapeutic or improved adaptive immune system.

The number of CD4+CD45R0O (memory) and CD4+CD45RA
(naive) T cells showed slight alterations during the season.
While CD8+CD45RA experienced a marked decrease (-114%)
in M2 and recovered the initial values in M3, CD8+CD45R0O
showed the opposite behavior: increased 260% and tended
to recover initial values in M3. The increase verified in M2 of
CD8+CD45RO T cells can be related to the fight against allergic
inflammation and airway sensitivity [25] problems that normal-
ly increase during winter in outdoor athletes. Conflicting with
our results, Woods et al. [52] showed a tendency for the per-
centage and number of CD4+ and CD8+ naive cells (CD45RA+)
to increase and for CD4+ memory cells (CD45R0+) to decrease
after 6 months of moderate aerobic training. This discrepancy
may result from differences in the level of training and health
status in the two studies.

The normal CD4/CD8 ratio in healthy people is not com-
pletely established but varies roughly in a 2:1 ratio [22]. Basal
values of CD4+/CD8+ ratios in young active subjects are nor-
mally greater than 1.5 [20]. An inverted CD4+/CD8+ ratio (<1.0)
is usually associated with some diseases. However, studies con-
flict with the morbidity and mortality rates associated with low
CD4+/CD8+ ratios [30]. CD4+/CD8+ ratio decreases after exer-
cise returning to basal values within 60 min [18]. After a kayak-
ing ultramarathon, the CD4+/CD8+ ratio decreased, increasing
further during the recovery period [41] which conflicts with the
starting value of our marathoner which is similar (0.5) to some
values found in cancer patients with the worst recovery diag-
nosis [42]. The slight increase in the CD4+/CD8+ ratio verified
in M2 does not clearly means a significant improvement in the
immune response but a circumstantial decrease in CD8+ T cells.

Conclusion

The immune status of the kayaker analyzed in this study
showed evident signals of immunosuppression at the begin-
ning of the season eventually related to his clinical status and
reflected in low neutrophils count, very low CD4+/CD8+ ratio,
and low CD19+ cells. It is difficult to discriminate the relative
influence of training and URTI on immune cell changes. The low
CD4+/CD8+ ratio during the season can be a signal of chronic
inflammation in line with the health status of the athlete.

Increased count of CD19+ cells in M2 points to the improve-
ment of the adaptive immune system and a higher degree of
immune alertness which is reinforced by the increase in cells ex-
pressing CD45R0. However, other immune changes (elevation
in monocyte count and cells expressing HLA-DR) contradicted
this improvement. After summer competitions the kayaker
tended to recover starting values. The magnitude of the im-
mune alterations verified during the season showed an overall
immune instability that can be deleterious for health and physi-
cal performance.

10.

11.

12.

13.

14.

15.

16.

17.

18.

References

Anane LH, Edwards KM, Burns VE, Drayson MT, Riddell NE, van
Zanten JICSV, et al. Mobilization of gamma delta T lymphocytes
in response to psychological stress, exercise, and beta-agonist
infusion. Brain Behav Immun. 2009; 23: 823-829.

Baj Z, Kantorski, Majewska E, Zeman K, Pokoca L, Fornalczyk E, et
al. Immunological status of competitive cyclists before and after
the training season. Int J Sports Med. 1994; 15: 319-324.

Berg RE, Forman J. The role of CD8 T cells in innate immunity
and in antigen non-specific protection. Curr Opin Immunol.
2006; 18: 338-343.

Bobovcdk M, Kuniakova R, Gabriz Jan, Majtan J. Effect of Pleuran
(R-glucan from Pleutotus ostreatus) supplementation on cellular
immune response after intensive exercise in elite athletes. Appl
Physiol Nutr Metab. 2010; 35: 755-762.

Chien YH, Konigshofer Y. Antigen recognition by gamma-delta T
cells. Immunol Rev. 2007; 215: 46-58.

Dige A, Hvas CL, Kelsen J, Deleuran B, Dahlerup JF, Agnholt J, et
al. Ethylene-Diamine-Tetra-Acetate (EDTA) mimics the efffect of
regulatory T cells in suppression assays: a potential pitfall when
using AutoMACS-separeted cells. J Immunol Methods. 2010;
353:141-144.

Dong J, Tian YP, Gao YH, Li LQ. Exercise-induced changes of T
lymphocyte subgroups and immune factors. Nan Fang Yi Ke Da
Xue Xue Bao. 2010; 30: 2277-2280.

Gabriel H, Kindermann W. Normal values of lymphocyte sub-
populations in athletes. Int J Sports Med. 1991; 12: 106.

Gabriel H, Rothe G, Korpys M, Schmitz G, Kindermann W. En-
hanced expression of HLA-DR, Fcy receptor 1 (CD64) and Leu-
kocyte Common Antigen (CD45) indicative activation of Mono-
cytes in regenerative training periods of endurance athletes. Int
J Sports Med. 1997; 18: 136-141.

Girardi M. Immunosurveillance and immunoregulation by gam-
ma-delta T cells. J Invest Dermatol. 2006; 126: 25-31.

Gleeson M. Biochemical and immunological markers of over-
training. J Sports Sci Med. 2002; 1: 31-41.

Gleeson M. Can nutrition limit exercise-induced immunodepres-
sion? Nutr Rev. 2006; 64: 119-131.

Gleeson M, McDonald WA, Cripps AW, Pyne DB, Clancy RL, Frick-
er PA. The effect on immunity of long-term intensive training in
elite swimmers. Clin Exp Immunol. 1995; 102: 210-216.

Gunturi A, Berg RE, Crossley E, Murray S, Forman J. The role of
TCR stimulation and TGF-beta in controlling the expression of
CD94/NKG2A receptors on CD8 T cells. Eur J Immunol. 2005; 35:
766-775.

Hamid Q, Tulic M. Immunobiology of asthma. Annu Rev Physiol.
2009; 71: 489-507.

Hatch-Mcchesney A, Radcliffe PN, Pitts KP, Karis AJ, O’Brien RP,
Krieger S, et al. Changes in immune function during initial mili-
tary training. Med Sci Sports Exerc. 2023; 55: 548-557.

Horn PL, Leeman K, Pyne DB, Gore CJ. Expression of CD94 and
56 (bright) on natural killer lymphocytes - the influence of exer-
cise. Int J Sports Med. 2002; 23: 595-599.

Huang CJ, Webb HE, Garten RS, Kamimori GH, Acevedo EO. Psy-
chological stress during exercise: lymphocyte subset redistribu-
tion in firefighters. Physiol Behav. 2010; 101: 320-326.

Submit your Manuscript | www.austinpublishinggroup.com

Austin J Clin Immunol 10(1): id1062 (2024) - Page - 05


https://pubmed.ncbi.nlm.nih.gov/19318122/
https://pubmed.ncbi.nlm.nih.gov/19318122/
https://pubmed.ncbi.nlm.nih.gov/19318122/
https://pubmed.ncbi.nlm.nih.gov/19318122/
https://pubmed.ncbi.nlm.nih.gov/7822070/
https://pubmed.ncbi.nlm.nih.gov/7822070/
https://pubmed.ncbi.nlm.nih.gov/7822070/
https://pubmed.ncbi.nlm.nih.gov/16616476/
https://pubmed.ncbi.nlm.nih.gov/16616476/
https://pubmed.ncbi.nlm.nih.gov/16616476/
https://pubmed.ncbi.nlm.nih.gov/21164546/
https://pubmed.ncbi.nlm.nih.gov/21164546/
https://pubmed.ncbi.nlm.nih.gov/21164546/
https://pubmed.ncbi.nlm.nih.gov/21164546/
https://pubmed.ncbi.nlm.nih.gov/17291278/
https://pubmed.ncbi.nlm.nih.gov/17291278/
https://pubmed.ncbi.nlm.nih.gov/19958773/
https://pubmed.ncbi.nlm.nih.gov/19958773/
https://pubmed.ncbi.nlm.nih.gov/19958773/
https://pubmed.ncbi.nlm.nih.gov/19958773/
https://pubmed.ncbi.nlm.nih.gov/19958773/
https://pubmed.ncbi.nlm.nih.gov/20965824/
https://pubmed.ncbi.nlm.nih.gov/20965824/
https://pubmed.ncbi.nlm.nih.gov/20965824/
https://pubmed.ncbi.nlm.nih.gov/9081271/
https://pubmed.ncbi.nlm.nih.gov/9081271/
https://pubmed.ncbi.nlm.nih.gov/9081271/
https://pubmed.ncbi.nlm.nih.gov/9081271/
https://pubmed.ncbi.nlm.nih.gov/9081271/
https://pubmed.ncbi.nlm.nih.gov/16417214/
https://pubmed.ncbi.nlm.nih.gov/16417214/
https://pubmed.ncbi.nlm.nih.gov/24688268/
https://pubmed.ncbi.nlm.nih.gov/24688268/
https://pubmed.ncbi.nlm.nih.gov/16572599/
https://pubmed.ncbi.nlm.nih.gov/16572599/
https://pubmed.ncbi.nlm.nih.gov/7554392/
https://pubmed.ncbi.nlm.nih.gov/7554392/
https://pubmed.ncbi.nlm.nih.gov/7554392/
https://pubmed.ncbi.nlm.nih.gov/15714583/
https://pubmed.ncbi.nlm.nih.gov/15714583/
https://pubmed.ncbi.nlm.nih.gov/15714583/
https://pubmed.ncbi.nlm.nih.gov/15714583/
https://pubmed.ncbi.nlm.nih.gov/19575684/
https://pubmed.ncbi.nlm.nih.gov/19575684/
https://pubmed.ncbi.nlm.nih.gov/36563092/
https://pubmed.ncbi.nlm.nih.gov/36563092/
https://pubmed.ncbi.nlm.nih.gov/36563092/
https://pubmed.ncbi.nlm.nih.gov/12439776/
https://pubmed.ncbi.nlm.nih.gov/12439776/
https://pubmed.ncbi.nlm.nih.gov/12439776/
https://pubmed.ncbi.nlm.nih.gov/20570686/
https://pubmed.ncbi.nlm.nih.gov/20570686/
https://pubmed.ncbi.nlm.nih.gov/20570686/

Austin Publishing Group

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Hunt RM, Elzayat MT, Markofski MM, Laughlin M, LaVoy EC.
Characterization of transitional memory CD4+ and CD8+ T-cell
mobilization during and after an acute bout of exercise. Front
Sports Act Living. 2023; 5: 1120454.

Joisten N, Walzik D, Schenk A, Bloch W, Zimmer P, Wahl P. Aqua
cycling for immunological recovery after intensive, eccentric ex-
ercise. Eur J Appl Physiol. 2019; 119: 1369-1375.

Kajiura JS, MacDougall JD, Ernst PB, Younglai EV. Immune re-
sponse to changes in training intensity and volume in runners.
Med Sci Sports Exerc. 1995; 27: 1111-1117.

Kleiveland CR. Peripheral blood mononuclear cells. In: The im-
pact of food bioactives on health. Eds. Kitty Verhoeckx, Paul Cot-
ter, Ivdn Lopez-Expdsito et al. Chap. 15. COST — European Coop-
eration in Science and Technology. Springer Open. 2015.

Kakanis MW, Peake J, Brenu EW, Simmonds M, Gray B, Hooper
SL, et al. The open window of susceptibility to infection after
acute exercise in healthy young male elite athletes. Exerc Im-
munol Rev. 2010; 16: 119-137.

Langdeau JB, Turcotte H, Bowie DM, Jobin J, Desgagne P, Boulet
LP. Airway hyperresponsiveness in elite athletes. Am J Respir Crit
Care Med. 2000; 161: 1479-1484.

Larché M, Robinson DS, Kay AB. The role of T lymphocytes in
the pathogenesis of asthma. J Allergy Clin Immunol. 2003; 111:
450-463.

Lippi G, Banfi G, Montagnana M, Salvagno GL, Schena F, Guidi
GC. Acute variation of leucocyte counts following a half-mara-
thon run. Int J Lab Hematol. 2010; 32: 117-121.

Mackinnon LT. Chronic exercise training on immune function.
Med Sci Sports Exerc. 2000; 32: S369-5376.

Makras P, Koukoulis GN, Bourikas G, Papatheodorou G, Bedevis
K, Menounos P, et al. Effect of 4 weeks of basic military training
on peripheral blood leucocytes and urinary excretion of cate-
cholamines and cortisol. J Sports Sci. 2005; 23: 825-834.

Malm C, Ekblom O, Ekblom B. Immune system alteration in re-
sponse to two consecutive soccer games. Acta Physiol Scand.
2004; 180: 143-155.

McBride JA, Striker R. Imbalance in the game of T cells: What
can the CD4/CD8 T-cell ratio tell us about HIV and health? PLoS
Pathog. 2017; 13: e1006624.

Mertens DJ, Rhind S, Berkhoff F, Dugmore D, Shek PN, Shephard
RJ. Nutritional, immunologic, and psychological responses to a
7250 km run. J Sports Med Phys Fitness. 1996; 36: 132-138.

Morbach H, Eichhorn EM, Liese JG, Girschick HJ. Reference val-
ues for B cells subpopulations from infancy to adulthood. Clin
Exp Immunol. 2010; 162: 271-279.

Nieman D, Henson D, Gojanovich G, Davis JM, Dumke C, Utter
A, et al. Immune changes: 2 h of continuous vs. intermittent cy-
cling. Int J Sports Med. 2007; 28: 625-630.

Nieman DC, Buckley KS, Henson DA, Warren BJ, Suttles J, Ahle
JC, et al. Immune function in marathon runners versus seden-
tary controls. Med Sci Sports Exerc. 1995; 27: 986-992.

Nieman DC, Miller AR, Henson DA, et al. Effects of high- vs mod-
erate-intensity exercise on natural killer cell activity. Med Sci
Sports Exerc. 1993; 25: 1126-1134.

Parham P. Immunogenetics of killer cell immunoglobulin-like re-
ceptors. Mol Immunol. 2005; 42: 459-462.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

Peake JM, Neubauer O, Della Gatta PA, Nosaka K. Muscle dam-
age and inflammation during recovery from exercise. J Appl
Physiol. 2017a; 122: 559-570.

Peake JM, Neubauer O, Walsh NP, Simpson RJ. Recovery of the
immune system after exercise. J Appl Physiol. 2017b; 122: 1077-
1087.

Roberts C, Pyne DB, Horn PL. CD94 expression and natural killer
cell activity after acute exercise. J Sci Med Sport. 2004; 7: 237-
247.

Robson-Ansley P, Howatson G, Tallent J, Mitcheson K, Walshe K,
Toms C, et al. Prevalence of allergy and upper respiratory tract
symptoms in runners of the London Marathon. Med Sci Sports
Exerc. 2012; 44: 999-1004.

Rodrigues dos Santos JA, Candeias J, Magalhdes MC. [Immuno-
logical and anthropometric changes induced by an ultramara-
thon in Kayak. A case study]. Article in Portuguese. RPCD. 2006;
6: 143-153.

Shah W, Yan X, Jing L, Zhou Y, Chen H, Wang Y. A reversed CD4/
CD8 ratio of tumor-infiltrating lymphocytes and a high percent-
age of CD4+FOXP3+ regulatory T cells are significantly associ-
ated with clinical outcomes in squamous cell carcinoma of the
cervix. Cell Mol Immunol. 2011; 8: 59-66.

Shore S, Shinkai S, Rhind S, Shephard RJ. Immune responses to
training: How critical is training volume? J Sports Mex Phys Fit-
ness. 1999; 39: 1-11.

Stensrud T, Berntsen S, Carlsen KH. Exercise capacity and exer-
cise-induced bronchoconstriction (EIB) in a cold environment.
Respir Med. 2007; 101: 1529-1536.

Suzuki M, Taha R, Ihaku D, Hamid Q, Martin JG. CD8+ T cells
modulate late allergic airway responses in brown Norway rats. J
Immunol. 1999; 163: 5574-5581.

Tanimura Y, Kon M, Shimizu K, Kimura F, Kono I, Ajisaka R. Effect
of 6-day intense Kendo training on lymphocyte counts and its
expression of CD95. Eur J Appl Physiol. 2009; 107: 227-233.

Timmerman KL, Flynn MG, Coen PM, Markofski MM, Pence
BD. Exercise training-induced lowering of inflammatory
(CDE14+CD16+) monocytes: a role in the anti-inflammatory in-
fluence of exercise. J Leukoc Biol. 2008; 84: 1271-1278.

Tvede N, Kappel M, Halkjaer-Kristensen J, Galbo H, Pedersen
BK. The effect of light, moderate, and severe bicycle exercise
on lymphocyte subsets, natural and lymphokine-activated killer
cells, lymphocyte proliferative response and interleukin 2 pro-
duction. Int J Sports Med. 1993; 14: 275-282.

Umetsu DT, Dekruyff RH. Natural killer T cells are important in
the pathogenesis of asthma: the many pathways to asthma. J
Allergy Clin Immunol. 2010; 125: 975-979.

Weiss C, Kinscherf R, Roth S, Friedmann B, Fischbach T, Reus J,
et al. Lymphocyte subpopulations and concentrations of soluble
CD8 and CD4 antigen after anaerobic training. Int J Sports Med.
1999; 16: 117-121.

Wong WS, Lo AWI, Siu LP, Leung JNS, Tu SP, Tai SW, et al. Refer-
ence values for lymphocyte subsets among healthy Hong Kong
Chinese adults by single-platform flow cytometry. Clin Vaccine
Immunol. 2013; 20: 602-606.

Woods JA, Ceddia MA, Wolters BW, Evans JK, Lu Q, McAuley E.
Effects of 6 months of moderate aerobic exercise training on im-
mune function in the elderly. Mech Ageing Dev. 1999; 109: 1-19.

Submit your Manuscript | www.austinpublishinggroup.com

Austin J Clin Immunol 10(1): id1062 (2024) - Page - 06


https://pubmed.ncbi.nlm.nih.gov/37139298/
https://pubmed.ncbi.nlm.nih.gov/37139298/
https://pubmed.ncbi.nlm.nih.gov/37139298/
https://pubmed.ncbi.nlm.nih.gov/37139298/
https://pubmed.ncbi.nlm.nih.gov/30895460/
https://pubmed.ncbi.nlm.nih.gov/30895460/
https://pubmed.ncbi.nlm.nih.gov/30895460/
https://pubmed.ncbi.nlm.nih.gov/7476053/
https://pubmed.ncbi.nlm.nih.gov/7476053/
https://pubmed.ncbi.nlm.nih.gov/7476053/
https://pubmed.ncbi.nlm.nih.gov/29787062/
https://pubmed.ncbi.nlm.nih.gov/29787062/
https://pubmed.ncbi.nlm.nih.gov/29787062/
https://pubmed.ncbi.nlm.nih.gov/29787062/
https://pubmed.ncbi.nlm.nih.gov/20839496/
https://pubmed.ncbi.nlm.nih.gov/20839496/
https://pubmed.ncbi.nlm.nih.gov/20839496/
https://pubmed.ncbi.nlm.nih.gov/20839496/
https://pubmed.ncbi.nlm.nih.gov/10806142/
https://pubmed.ncbi.nlm.nih.gov/10806142/
https://pubmed.ncbi.nlm.nih.gov/10806142/
https://pubmed.ncbi.nlm.nih.gov/12642820/
https://pubmed.ncbi.nlm.nih.gov/12642820/
https://pubmed.ncbi.nlm.nih.gov/12642820/
https://pubmed.ncbi.nlm.nih.gov/19196379/
https://pubmed.ncbi.nlm.nih.gov/19196379/
https://pubmed.ncbi.nlm.nih.gov/19196379/
https://pubmed.ncbi.nlm.nih.gov/10910293/
https://pubmed.ncbi.nlm.nih.gov/10910293/
https://pubmed.ncbi.nlm.nih.gov/16195034/
https://pubmed.ncbi.nlm.nih.gov/16195034/
https://pubmed.ncbi.nlm.nih.gov/16195034/
https://pubmed.ncbi.nlm.nih.gov/16195034/
https://pubmed.ncbi.nlm.nih.gov/14738473/
https://pubmed.ncbi.nlm.nih.gov/14738473/
https://pubmed.ncbi.nlm.nih.gov/14738473/
https://pubmed.ncbi.nlm.nih.gov/29095912/
https://pubmed.ncbi.nlm.nih.gov/29095912/
https://pubmed.ncbi.nlm.nih.gov/29095912/
https://pubmed.ncbi.nlm.nih.gov/8898521/
https://pubmed.ncbi.nlm.nih.gov/8898521/
https://pubmed.ncbi.nlm.nih.gov/8898521/
https://pubmed.ncbi.nlm.nih.gov/20854328/
https://pubmed.ncbi.nlm.nih.gov/20854328/
https://pubmed.ncbi.nlm.nih.gov/20854328/
https://pubmed.ncbi.nlm.nih.gov/17373603/
https://pubmed.ncbi.nlm.nih.gov/17373603/
https://pubmed.ncbi.nlm.nih.gov/17373603/
https://pubmed.ncbi.nlm.nih.gov/7564985/
https://pubmed.ncbi.nlm.nih.gov/7564985/
https://pubmed.ncbi.nlm.nih.gov/7564985/
https://pubmed.ncbi.nlm.nih.gov/8231757/
https://pubmed.ncbi.nlm.nih.gov/8231757/
https://pubmed.ncbi.nlm.nih.gov/8231757/
https://pubmed.ncbi.nlm.nih.gov/15607799/
https://pubmed.ncbi.nlm.nih.gov/15607799/
https://pubmed.ncbi.nlm.nih.gov/28035017/
https://pubmed.ncbi.nlm.nih.gov/28035017/
https://pubmed.ncbi.nlm.nih.gov/28035017/
https://pubmed.ncbi.nlm.nih.gov/27909225/
https://pubmed.ncbi.nlm.nih.gov/27909225/
https://pubmed.ncbi.nlm.nih.gov/27909225/
https://pubmed.ncbi.nlm.nih.gov/15362321/
https://pubmed.ncbi.nlm.nih.gov/15362321/
https://pubmed.ncbi.nlm.nih.gov/15362321/
https://pubmed.ncbi.nlm.nih.gov/22595981/#:~:text=Results%3A Forty percent of runners,postmarathon URT symptoms in runners.
https://pubmed.ncbi.nlm.nih.gov/22595981/#:~:text=Results%3A Forty percent of runners,postmarathon URT symptoms in runners.
https://pubmed.ncbi.nlm.nih.gov/22595981/#:~:text=Results%3A Forty percent of runners,postmarathon URT symptoms in runners.
https://pubmed.ncbi.nlm.nih.gov/22595981/#:~:text=Results%3A Forty percent of runners,postmarathon URT symptoms in runners.
https://pubmed.ncbi.nlm.nih.gov/21200385/
https://pubmed.ncbi.nlm.nih.gov/21200385/
https://pubmed.ncbi.nlm.nih.gov/21200385/
https://pubmed.ncbi.nlm.nih.gov/21200385/
https://pubmed.ncbi.nlm.nih.gov/21200385/
https://pubmed.ncbi.nlm.nih.gov/10230161/
https://pubmed.ncbi.nlm.nih.gov/10230161/
https://pubmed.ncbi.nlm.nih.gov/10230161/
https://pubmed.ncbi.nlm.nih.gov/17317135/
https://pubmed.ncbi.nlm.nih.gov/17317135/
https://pubmed.ncbi.nlm.nih.gov/17317135/
https://journals.aai.org/jimmunol/article/163/10/5574/32066/CD8-T-Cells-Modulate-Late-Allergic-Airway
https://journals.aai.org/jimmunol/article/163/10/5574/32066/CD8-T-Cells-Modulate-Late-Allergic-Airway
https://journals.aai.org/jimmunol/article/163/10/5574/32066/CD8-T-Cells-Modulate-Late-Allergic-Airway
https://pubmed.ncbi.nlm.nih.gov/19568765/
https://pubmed.ncbi.nlm.nih.gov/19568765/
https://pubmed.ncbi.nlm.nih.gov/19568765/
https://pubmed.ncbi.nlm.nih.gov/18664531/#:~:text=Exercise training or higher levels,been implicated in disease development.
https://pubmed.ncbi.nlm.nih.gov/18664531/#:~:text=Exercise training or higher levels,been implicated in disease development.
https://pubmed.ncbi.nlm.nih.gov/18664531/#:~:text=Exercise training or higher levels,been implicated in disease development.
https://pubmed.ncbi.nlm.nih.gov/18664531/#:~:text=Exercise training or higher levels,been implicated in disease development.
https://pubmed.ncbi.nlm.nih.gov/8365836/
https://pubmed.ncbi.nlm.nih.gov/8365836/
https://pubmed.ncbi.nlm.nih.gov/8365836/
https://pubmed.ncbi.nlm.nih.gov/8365836/
https://pubmed.ncbi.nlm.nih.gov/8365836/
https://pubmed.ncbi.nlm.nih.gov/20338622/
https://pubmed.ncbi.nlm.nih.gov/20338622/
https://pubmed.ncbi.nlm.nih.gov/20338622/
https://pubmed.ncbi.nlm.nih.gov/7751074/
https://pubmed.ncbi.nlm.nih.gov/7751074/
https://pubmed.ncbi.nlm.nih.gov/7751074/
https://pubmed.ncbi.nlm.nih.gov/7751074/
https://pubmed.ncbi.nlm.nih.gov/23408529/
https://pubmed.ncbi.nlm.nih.gov/23408529/
https://pubmed.ncbi.nlm.nih.gov/23408529/
https://pubmed.ncbi.nlm.nih.gov/23408529/
https://pubmed.ncbi.nlm.nih.gov/10405985/
https://pubmed.ncbi.nlm.nih.gov/10405985/
https://pubmed.ncbi.nlm.nih.gov/10405985/

	Abstract
	Introduction
	Methods
	Subject
	Clinical Status 
	Training Program 
	Blood Sampling 
	Analytical Procedures 
	Immunophenotyping
	Samples Preparation for Flow Cytometry 
	Data Collection and Analysis 

	Results
	Discussion
	Conclusion
	References
	Table 1
	Table 2
	Table 3

