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Abstract
Long lasting or high-intensity exercise has been shown to suppress immune response by alterations

in the number and functions of leukocytes. Several reports confirmed diminished neutrophil activity in
human and equine athletes, but variable results on lymphocyte functions are presented. In this study, we
evaluated the mitogen-induced proliferation activity of lymphocyte isolated from horses taking part in
endurance competition. Twenty four horses competed on limited distance (Light class) or long distance
(CEI) rides were examined. Exercise induced changes in leukocyte number manifested in all horses as
neutrophilic leukocytosis and an increase in neutrophil to lymphocyte ratio after both types of rides. Com-
pleting limited distance rides did not produced any changes in lymphocyte proliferation activity, but clear
alterations in lymphocyte functions have been detected in the horses taking part in long distance rides,
even before the start. The reaction to mitogen stimulation in most cases was equal to the activity of unstim-
ulated cells, indicating a kind of unresponsiveness to mitogens. However, the spontaneous activity of the
cells was low or high and three patterns of reaction have been shown. It can be concluded, that compet-
ing or even preparing to long distance rides may be conductive to alterations in the lymphocyte functions,
that can be recognized as immunosuppression. The reaction is highly heterogeneous and seems of limit-
ed importance in the evaluation of the suppression of immune response in endurance horses.
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Introduction
Many evidence suggest, that strenuous, high-intensity

or long lasting exercise may promote immunosuppression
which can lead to increase susceptibility to disease in
human and equine athletes [1-7]. This condition is believed
to result from alterations in the number and functions of
circulating leukocytes. Several reports confirmed the dimin-
ished neutrophil function during this period in human and
equine athletes [2, 5, 7, 8]. However, variable results on the
lymphocyte response after exercise have been presented,
suggesting that it is highly heterogeneous [8-10].

Functional capacity of lymphocytes is most often eval-
uated on the basis of their proliferative response upon stim-
ulation with mitogens. The assay represents an in vitromod-
el, which is believed to mimic events that occur after
antigen stimulation of lymphocytes in vivo [2, 8-10]. In
human many reports have proved that lymphocyte prolif-
eration is changed by exercise, but the response have been
seen either elevated, reduced or unchanged [9]. It is gener-
ally believed that acute, high-intensity exercise suppresses
the activity of lymphocytes. The lymphoproliferative re-
sponse to mitogens has been reported to decrease in horses
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and ponies exercising on a high-speed treadmill [7, 11-14]
and in thoroughbreds after the race [3]. Intense exercise has
also been shown to suppress the lymphocyte proliferation
response to specific stimulation with equine influenza virus
antigens [12, 15].

In contrast, no changes in the lymphocyte proliferation
activity upon mitogen stimulation were detected after sin-
gle bout of intense treadmill exercise in unconditioned hors-
es [13, 16] and following 1st and 2nd chukkas during polo
match [17]. The data mentioned above deal with the short
duration, anaerobic exercise of various intense. In horses,
much less attention has been given to prolonged aerobic
exertion. However, in human a decreased lymphocyte pro-
liferation in response to Phytohemagglutinin (PHA) and
Concanavalin A (ConA) stimulation has been reported after
marathon run, heavy treadmill exercise and exhausting
cycling [9, 18, 19], but the conclusions cannot be directly
applied to horses due to the physiological differences.

We have previously reported, that in horses, the pro-
longed, extreme endurance exercise (162 km endurance
competition) produced the unique pattern of total suppres-
sion of lymphocyte reaction to mitogen stimulation [20].
The aim of the present study is to compare the changes in
the proliferative response to mitogens of lymphocytes iso-
lated from horses following limited (Light class) and long
(CEI 2* and CEI 3*) distance endurance ridesa and to char-
acterize the pattern of immunosuppression.

Material and methods
Horses and competition

Twenty four endurance – trained horses, competed in
either limited distance – Light class (35 km and 64 km) or
long distance – CEI 2* and 3* (championships competi-
tions) endurance rides in Poland were included in this study
(Table 1). A star system (2* and 3*) rates the CEI rides

according to distance (in this case 120 km and 160 km,
respectively) and post-ride recovery rate. Successful com-
pletion the distance, all veterinary health checks performed
during and following the competition and routine doping
control were the inclusion criteria. The owners, Veterinary
Commission and the local Ethical Committee agreed to
the procedures. The competitions were held in summer
(June to September), under similar weather (temperatures
22-24oC) and terrain conditions. All of the horses were
dewormed and vaccinated at similar time, did not receive
medications or suffer from an infection in the preceding
3 weeks (according to the owner’s knowledge). They were
housed in similar environment and fed standard diet with
adequate mineral and vitamin supplementation. Salt and
water were available ad libitum.

Blood samples

Peripheral blood samples were obtained by jugular
venipuncture before (about 6.00 a.m.) and immediately after
the competition. Samples were aspirated into a 20 ml
syringe, immediately transferred into sterile lithium
heparinized tubes for lymphocyte activity studies and into
EDTA-3K tubes for haematological tests and kept in 4oC
until analysis. The total number of leukocytes was counted
with an automated hematology analyzer (Abacus), differ-
ential counts were determined manually from smears by
counting 100 cells and neutrophil to lymphocyte (N : L)
ratio was calculated.

Lymphocytes were isolated by density gradient cen-
trifugation using Histopaque 1077 (Sigma) according to the
manufacturers protocol. Briefly, whole blood was layered
onto Histopaque 1077 and centrifuged at 400 xg for 30 min
at room temperature. The opaque interface containing lym-
phocytes was aspirated, washed 3 times in PBS and cen-
trifuged at 150 xg for 10 minutes. Cell viability and cell
counts were assessed by trypan blue exclusion.

Table 1. Description of the horses included in the study and distance completion. A star system (2* and 3*) rates the rides accord-
ing to distance and post-ride recovery rate

Distance (km) Number of horses Age (years) Speed (km/h) Time of completion (hours)

Light class 35 3 5.25 ±1.25 10.25 ±0.53 3.14 ±0.12

64 5 5.3 ±0.3 10.8 ±0.53 6.2 ±0.3

CEI 2* 120 5 8 ±0.8 15.69 ±1.2 8.11 ±0.48

3* 160 11 9.4 ±0.6 15.35 ±0.6 10.21 ±0.51

aLight class, CEI 2* and CEI 3* represent the distance and the level of competition.

Light class competition are held at the distance below 80 km, with speed limit.

CEI (Concours Endurance International) 2* and CEI 3* are the competitions at star levels. A star system is used to rate rides according to the distance and post-ride

recovery rate.

CEI 2* – 120-139 km per one day. Recovery to heart rate 64 in 20 minutes on vet gate.

CEI 3* – 140-160 km per one day. Recovery to heart rate 64 in 20 minutes on vet gate.
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Lymphocyte proliferation assay

Apellet cells was resuspended in PBS supplemented with
0.1% bovine serum albumin (BSA, Sigma) to achieve the
concentration of 5 × 107/ml. Then, the cells were labeled with
carboxyfluorescein diacetate succinimidyl ester (CFSE, Flu-
ka), added to the cells at 10 µM concentration. The reaction
was performed for 10 minutes, at 37oC, in the dark. The label-
ing was quenched by adding 5 ml ice-cold RPMI1640/2 mM
glutamine/10%FCS and incubating 5 min on ice. Then, the
cells were washed 3 times in culture medium (Sigma) con-
taining: RPMI1640 without phenol red, 2 mM glutamine,
10% FCS and Antibiotic Antimycotic Solution and resus-
pended to a final concentration of 5 × 105 cells/ml. Each sam-
ple, unstimulated cells or the cells stimulated with mitogens
was tested in quadruplicate, in flat-bottom 96-well plates
(200 µl/well). Phytohemagglutinin (PHA, Sigma) and Con-
canavalin A (ConA, Sigma) in previously determined opti-
mal concentrations (2 µg/ml) were used for the stimulation.
Cells were incubated in 5% CO2 environment, at 37oC for
72 hours. Labeled cells were then analyzed by flow cytom-
etry (FACSCalibur, Becton Dickinson). Linear histograms
of fluorescence intensity (FL1) were obtained by using CELL
Quest software (Becton Dickinson) and posed the basis to
determine the percentage of the cells undergoing divisions.
The percentage of proliferating cells has been recorded and
the rate of cell death has been evaluated according to the
method described previously [10]. Proliferation index (PI)
was calculated as the percentage of cell division in the sam-
ple stimulated with mitogen divided by the percentage of cell
division in unstimulated sample at the same time.

Statistical analysis

Statistical procedures, means and standard errors of
mean were computed using the STATISTICA 6.0 for Win-
dows. Results are expressed as means ± standard errors of
mean (SEM). The results before and after the rides were
compared with Wilcoxon signed rank test. Statistical com-
parisons between the horses participating in Light class and
CEI competitions were made using Mann-Whitney U test;
p ≤ 0.05 was considered significant.

Results
All haematological parameters (Table 2) determined in

the horses before the competition, regardless the distance
varied within normal ranges for equine species [21]. After
both, Light class and CEI rides, WBC, neutrophil numbers
and N : L ratio increased significantly (p ≤ 0.05). Follow-
ing long distance (CEI) rides WBC and neutrophil numbers
even exceeded reference values. The numbers of lympho-
cytes were close to or slightly below (in 2 cases) the lower
limit of normal ranges.

Proliferation indices after both PHA and ConA stimu-
lations before and following the rides differed significant-
ly (p ≤ 0.001) between the groups of horses taking part in
Light class and CEI competitions (Table 2). In both groups,
large differences among individuals were noted.

Lymphocytes isolated from the horses participating in
Light class rides before and after competition responded to
mitogen stimulation (Fig. 1) similarly, without significant
differences in the group.

Table 2. Leukogram parameters and proliferation indices in the horses before and after limited distance (L class) and long
distance (CEI) rides

Parameter Limited distance (L CLASS) rides Long distance (CEI) rides

Before After Before After

WBC [× 109/l] 7.48 ±0.41 13.9 ±1.6a* 9.8 ±1.13 18.76 ±1.72a*

Neutrophils [× 109/l] 5.74 ±0.28 12.06 ±0.45a* 6.88 ±0.77 16.76 ±1.7a*

Lymphocytes [× 109/l] 2.03 ±0.27 1.8 ±0.56 1.64 ±0.39 1.3 ±0.2

Eosinophils [× 109/l] 0.20 ±0.04 0.15 ±0.1 0.27 ±0.1 0.11 ±0.09

Basophils [× 109/l] 0.03 ±0.01 0.01 ±0.01 0 0

Monocytes [× 109/l] 0.02 ±0.01 0.01 ±0.01 0.01 ±0.01 0.01 ±0.01

N : L 2.82 ±0.42 6.7 ±0.55a* 3.54 ±0.58 12.46 ±1.8a*

Proliferation index 4.68 ±0.44 5.41 ±0.62 1.23 ±0.09*** 1.11 ±0.11***
after PHA stimulation

Proliferation index 6.47 ±0.49 6.59 ±0.68 1.41 ±0.09*** 1.27 ±0.14***
after ConA stimulation

*statistically significant difference; p ≤ 0.05, between the horses taking part in limited and long distance rides
**statistically very highly significant difference; p ≤ 0.001, between the horses taking part in limited and long distance rides
astatistically significant difference; p ≤ 0.05, between the values before and after competition
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Fig. 1. Patterns of lymphocyte response to mitogen stimulation in the horses before and after the rides. (A) Lymphocytes isolated
from the horses taking part in limited distance (Light class) rides; low spontaneous activity of the cells and similar response to stim-
ulation before and after the ride. (B-D) Lymphocytes isolated from the horses taking part in long distance (CEI) rides. (B) High
spontaneous activity of the cells and lack of the response to mitogens before and after the rides. (C) High spontaneous activity of
the cells and lack of the response to mitogens before the ride and low spontaneous activity of the cells and lack of the response to
mitogens after the ride. (D) Low spontaneous activity of the cells and lack of the response to mitogens before and after the rides

Lymphocyte proliferation activity after limited (Light class) and long (CEI) distance endurance rides in horses
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In the horses participating in CEI rides the proliferation
indices were low and similar in all cases, but three patterns
of reactions (Fig. 1) were determined:
• in 8 horses the activity of unstimulated cells was high
(30% to 72%) before and after the rides and the respons-
es to mitogens were similar (30% to 82%),

• in 4 horses the activity of unstimulated cells and the
responses to mitogens were high before the rides (20% to
40%) but after the rides both, the activity of unstimulated
cells and the response to mitogens were low (2% to 5%),

• in 4 horses the activity of unstimulated cells was low (4%
to 9%) before and after the rides and the responses to mito-
gens were similar (6% to 9%).

In all cases, regardless of the patterns of the reactions,
the calculated proliferation indices before and after the rides
were about 1.

Discussion
It is usually concluded, that the immune response is sup-

pressed following exhausting exertion. Maximal exercise
in unconditioned horses is even an established model for
inducing immunosuppression [14]. This condition is defined
by changes in leukocyte numbers and activities and is
believed to increase with exercise intensity and duration [8,
9]. In our study exercise-induced changes in leukocyte num-
bers manifested as neutrophilic leukocytosis resulting in an
increase in N : L ration after both: limited distance (Light
class) and long distance (CEI) rides. This kind of changes
is known as stress leukogram and has been widely report-
ed after intensive or prolonged exertion [5, 7, 16, 20, 22].
In endurance exercise, the changes result from biphasic, cat-
echolamine and cortisol dependent process [7, 22].

The presence of stress leukogram proved, that both
Light class and CEI rides posed the exertion intense enough
to affect leukocyte status. However, only long distance
(CEI) endurance rides promoted the alterations in lympho-
cyte functions. After limited distance (Light class) rides,
the lymphocyte proliferation activity was similar to the
results obtained before the ride. The proliferation indices
have shown, that the percentage of cells responding to mito-
gens was five-sixfold higher, then the percentage of the cells
that proliferated spontaneously. These indices are hard to
compare with the results obtained by other authors in hors-
es, because they usually used the method with thymidine
incorporation. Thus, the exercise effect on lymphoprolifer-
ative response has been documented as changed thymidine
uptake (expressed as counts per minute) after stimulation
with mitogens [14] or stimulation indices calculated vari-
ous ways, by subtracting or dividing the values obtained in
stimulated and unstimulated cells. For example, Wong et
al. [16] calculated net stimulation (NS), expressed in counts
per minute (cpm); but Nesse et al. [3] calculated stimula-
tion index and expressed it in percentage. The method we
chose gives possibilities to interpret the results more accu-

rate. Using the same method, Green and Rowbottom [10]
have shown that in human, treadmill exercise to volitional
exhaustion resulted in decrease in cell expansion rate due
to an increase in cell death, but not mitosis rate. In our study,
the calculation used by Green and Rowbottom [10] did not
indicate the notable cell death neither in case of limited nor
long distance rides.

Before and after long distance (CEI) rides, the prolifer-
ation indices were close to 1, indicating that the reaction to
mitogens was almost equal to spontaneous proliferation
activity. However, three patterns of this reaction occurred.
In 4 horses, the activity of both, unstimulated and stimu-
lated cells was low, similar to the activity of unstimulated
cells in the horses taking part in Light class rides. In 8 hors-
es, the spontaneous activity was high, similar to the activ-
ity observed after mitogen stimulation in the horses taking
part in limited distance rides. In 4 horses, the activity of
stimulated and unstimulated cells was high before the ride
but low after the ride. This fact indicates a kind of anergy
to mitogens. In case of high activity of unstimulated cells,
it can be postulated, that the cells were strongly stimulated
before isolation and further in vitro stimulation did not in-
crease their activity. This fact may have resulted from a kind
of refraction state, or cell activity simply reached maximal
level before adding mitogens. Low activity of the cells can
be explained as abnormalities in signal transduction path-
ways or cell metabolism insufficient for proliferation.

Any exercise-induced changes in lymphocyte prolifer-
ation activities are generally explained by neuroendocrine
mechanisms. Stress hormones, including catecholamines
and particularly cortisol are discussed most often [3, 7, 8,
18, 23]. However, the process is multifactorial and may be
affected also by other hormones including growth hormone
and insulin, but also cytokines, growth factors, aminoacids,
glucose, vitamins and oxidant/antioxidant balance [4, 7, 8,
19, 24, 25]. In short lasting or single bout of exercise, the
differences in cortisol levels are noticeable [3]. Long dis-
tance rides last for whole of day, so that interpretation is
much more difficult because it may vary during the ride due
to events on the route, veterinary checks and even the diur-
nal fluctuations. Similarly, variations in glucose level are
obvious during whole day competition.

We have previously reported one of these pattern of sup-
pression in endurance horses, but a week before the com-
petition it was not detected [20]. This fact suggests that the
factors affecting lymphocyte proliferation occur rather dur-
ing final preparation to the competition. However, four hors-
es expressed different lymphocyte activity before and after
the ride, thus both: final preparation and the competition
pose a risk of suppression of lymphocyte activity. The clin-
ical relevance of this finding is hard to interpret. The cells
that do not respond to mitogens probably do not respond
also to antigen stimulation and are not able to provide a pro-
tective immune response. On the other hand, it is general-
ly believed, that the effect of exercise on lymphocyte activ-
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ity effect is transient [8]. Lunn et al. [14] have shown, that
administration of MLV vaccine to ponies with exercise-
induces immunosuppression is safe and effective, but Fol-
som et al. [15] demonstrated, that exercise-induced immuno-
suppression increased the susceptibility to influenza.

In conclusion, we have determined, that limited distance
(Light class) rides did not have any impact on lymphocyte
proliferation activity, but long distance (CEI 2* and 3*)
rides and even the final phase of preparation to the compe-
tition promote alterations, which may be recognized as
immunosuppression. However, the pattern of lymphocyte
proliferation activity is heterogenous and likely to be pro-
moted by various factors, so it seems of limited value in the
functional evaluation of exercise-induced immunosuppres-
sion in endurance horses.

The study was supported by the State Committee for Sci-
entific Research, Poland (grant no N N308 577139 for Anna
Winnicka).
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