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Abstract Intense exercise is known to cause temporary

impairments in immune function. Few studies, however,

have investigated the effects of intense competitive exer-

cise on immunoendocrine variables in elite team sport

athletes. The aim of this study was to evaluate the time

course of changes in selected immunoendocrine and

inflammatory markers following an international rugby

union game. Blood samples were taken from players

(n = 10) on camp entry, the morning of the game (pre),

immediately after (post) and 14 and 38 h into a passive

recovery period. Players lost 1.4 ± 0.2 kg of body mass

during the game (ambient conditions, 11�C, 45% RH). An

acute phase inflammatory response was observed as

reflected through immediate increases in serum cortisol

and IL-6 (post) followed by delayed increases in serum

creatine kinase (CK; 14 h) activity and C-reactive protein

(CRP; 38 h); P \ 0.05. Decreases in the number of cir-

culating T lympocytes, NK cells and bacteria-stimulated

neutrophil degranulation were also observed post-exercise

(P \ 0.05), indicative of decreased host immune protec-

tion. Following a large decrease in serum testosterone

to cortisol (T/C) ratio immediately post and 14 h after

exercise, T/C values then increased above those observed

at camp entry 38 h into recovery (P \ 0.05). This rebound

anabolic stimulus may represent a physiological require-

ment for recovery following intense tissue damage

resulting from game collisions. The findings also suggest

that a game of international rugby elicits disturbances in

host immunity, which last up 38 h into the recovery

period.
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Introduction

Rugby union is considered to be one of the most intense

and physically demanding field games in the world

(Mashiko et al. 2004). Since its emergence as a profes-

sional sport (1995), the game appears to have become a

faster, ruck dominated game that contains more phases of

play (Eaves and Hughes 2003). Furthermore, players have

become bigger and faster and are involved in more physical

contact and collisions during game play (Duthie et al.

2003; Quarrie and Hopkins 2007). Despite its growing

popularity throughout the world, few scientific data exist to

help us understand the competitive stresses inherent within

the game.

Traditionally, the physical demands of rugby union have

been assessed through analysis of game activities (Roberts
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et al. 2008; Deutsch et al. 2007; Cunniffe et al. 2009),

injury analysis (Brooks et al. 2008; Fuller et al. 2007) or

from questionnaire analysis for signs of player burnout

(Cresswell and Eklund 2006). Whilst notational analysis

type studies do provide valuable insight into the various

game activities undertaken by players, difficulties in the

direct assessment of stresses arising from tackling and

game contact instances inevitably occur. Despite the fact

that competitive play is thought to elicit considerable

physiological strain on players, few studies have investi-

gated such through detailed biochemical assessment

(Mashiko et al. 2004; Takarada 2003). This is particularly

evident at the elite level. In other combative sports such as

American football, structural tissue damage and associated

biochemical disturbances have been associated with

reductions in force production and athletic performance

(Hoffman et al. 2002). In professional rugby union, it is

feasible that high-impact collisions received by players

during tackling, in addition to eccentric damage from

locomotion, elicits extensive tissue trauma and associated

inflammation. Indeed, a significant link between the level

of tissue trauma and number of game collisions has been

previously established (Smart et al. 2008; Takarada 2003),

and that injury potential in rugby union is largely depen-

dent on these contact phases of play (Fuller et al. 2007).

However, it is not known if the degree of tissue disruption

and biochemical disturbances is greater with higher levels

of play or if these stress effects are capable of modifying

host immune function.

Intense exercise is known to alter many aspects of the

immune system, and in some instances depress host pro-

tection (see Gleeson 2007 for a review). Additionally, tis-

sue trauma has been shown to influence immune cell

recruitment into damaged muscle (Fielding et al. 1993;

Paulsen et al. 2005). In particular, infiltration of blood

neutrophils into injured tissue has been suggested as a key

characteristic of the inflammatory process (Tidball 2005).

Rugby union is a game played over 80 min, during which

time players are required to run intermittently whilst par-

ticipating in many game-related impacts such as tackling. It

is possible that through investigation of biochemical and

immunological status, a greater understanding of the game

demands may be achieved. Knowledge of this at the

highest level of play (international) may help in under-

standing recovery aspects of the game and potential

adverse effects on host immune protection. To the authors’

knowledge, no studies have previously attempted to

investigate physiological responses before and after an elite

rugby game using detailed biochemical analysis. With the

above in mind, the purpose of this study was to investigate

the effects of acute game stress on immunological and

hormonal responses, with specific reference to recovery

duration.

Methods

Subjects

Ten international rugby union players [mean (±SEM), age

26.4 (0.7) years, height 186.5 (2.5) cm, body mass 103.1

(3.9) kg, _VO2peak 53.2 (1.1) mL kg-1 min-1] agreed to

participate in the current study. Players were informed of

the purpose and risks of the study through visual presenta-

tion and player information sheets on entry to the interna-

tional training base. All players provided written informed

consent before volunteering for the study. Experimental

procedures to be undertaken were approved by the Uni-

versity Research Ethics Committee and also by the medical

committee of the Wales Rugby Union. Any player who

wished to withdraw from the study could do so at any time.

Sample collection

Peripheral venous blood samples were taken from players

on entry to the camp, the morning of the game (pre), within

15 min of the conclusion of the game (post) and again the

following two mornings (14 h and 38 h respectively).

Starting time of the game was 17.00 hours. Blood samples

were obtained by venepuncture from an antecubital vein

and collected into three Vacutainer tubes (Becton Dickin-

son, UK). All samples were obtained whilst players were in

a supine position and this was standardised throughout.

Blood samples collected in K3EDTA vacutainers (4 mL)

were kept at room temperature and used for standard

haematological analysis and assessment of changes in

plasma volume (Dill and Costill 1974). Analysis was car-

ried out within 3 h of collection. In addition, whole blood

(7 mL) was collected into sterile lithium-heparin vacu-

tainer tubes (Becton Dickinson, Oxford, UK) for mea-

surement of neutrophil degranulation (see below). For

other measurements (high-sensitivity C-reactive protein,

hs-CRP, creatine kinase, CK, cortisol, C and testosterone

T), blood (7 mL) was collected into tubes containing a clot

activator (SST; Becton Dickinson, Oxford, UK) and sub-

sequently centrifuged (1,500g 9 10 min). Serum was then

aspirated into appropriate aliquots and stored at -80�C

until future analysis. The remaining blood (K3EDTA and

heparin tubes) was also centrifuged (1,800g 9 10 min) at

4�C for collection of plasma, and aliquots were stored as

above for serum measurements.

Analytical methods

Determination of immune cell concentrations

Analysis of haemoglobin, haematocrit and total and dif-

ferential leukocytes was performed using an automated cell
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counter (Coulter Electronics, USA). Blood leukocyte phe-

notypes were analysed by standard flow cytometry

(Beckman-Coulter FC500 MPL). Specific staining of cells

was performed by incubating the test sample (100 ll whole

blood) with a test reagent. The staining procedure involved

adding combinations of anti-human monoclonal antibodies,

conjugated with fluorescein isothiocyanate (FITC), phy-

coerythrin (PE) or phycoerythrin-cyanin (PE-Cy). Cells

were mixed for 1 s to reduce cell aggregation and incu-

bated for 30 min (dark; room temp) before the red cells

were removed by erythrocyte lysis with OptiLyse C

(Beckman-Coulter, UK Ltd.) and subsequently analysed.

Non-specific staining of monoclonal antibodies with

isotypic controls was also employed to determine the

existence of non-specific fixation/binding of specific con-

jugated monoclonal antibodies. Lymphocyte subsets were

classified as total T cells (CD3?), Thelper cells

(CD3?CD4?) and Tcytotoxic cells (CD3?CD8?). NK cell

(CD3-CD16?CD56?) number was assessed via the co-

expression of cell surface markers CD16 and CD56 and

lack of expression of CD3 (Cooper et al. 2001).

In vitro bacteria-stimulated neutrophil degranulation

The neutrophil degranulation response to bacterial stimulant

was determined according to methods previously outlined

(Robson et al. 1999). Briefly, on collection of heparinised

blood, 1 mL of heparinised blood was added to an eppendorf

microcentrifuge tube containing 50 ll of bacterial stimulant

(840-15, Sigma, Poole, UK). The blood and stimulant were

then mixed by gentle inversion and incubated for 60 min in

a water bath (37�C). After 30 min of incubation, the con-

tents of the tube were gently mixed again via inversion.

When the incubation period had elapsed, eppendorfs were

centrifuged (10,000g 9 2 min) immediately and the

supernatant was stored at -80�C prior to analysis of elastase

concentration (ELISA kit; Merck Chemicals, UK).

Neutrophil degranulation was expressed as the amount of

stimulated elastase release per neutrophil. The intra-assay

coefficient of variation (CV) for this assay was 6.0%.

Biochemical and hormonal variables

Analysis of serum cortisol and testosterone was performed

using two commercially available ELISA kits (DRG

Diagnostics, Germany). Concentrations of high-sensitive

C-reactive protein (hs-CRP) were determined in serum by

means of an immunoturbidimetric assay (Randox Ltd,

Antrim, UK; sensitivity \0.08 mg L-1) using an auto-

mated clinical chemistry system (RX DaytonaTM). Plasma

IL-6 concentrations were analysed from K3EDTA-treated

venous blood using a commercially available high-sensi-

tivity ELISA (Diaclone Research, Besancon, France;

sensitivity \0.8 pg mL-1). Finally, total creatine kinase

activity was quantitatively measured using VITROS CK

slides (Ortho-Clinical Diagnostics, Buckinghamshire UK)

in serum and analysed on a VITROS 950 Chemistry Sys-

tem. The intra-assay CV was 3.2, 3.4, 4, 6.6 and 2.5% for

cortisol, testosterone, hs-CRP, IL-6 and CK, respectively.

Dietary control

Players were provided with dietary plans by the affiliated

nutritionist in the lead up to international games and this was

not altered for the current investigation. Meals generally

included a variation of low fat yogurts, fruit, pastas/rice,

cereal bars, vegetables, cooked meat and pancakes. Addi-

tionally, players were asked to consume their ‘typical’ diet on

the day before, day of, and day(s) after both sampling points

(games). All morning blood sample points were taken from

players following an overnight fast. The post-game sample

was taken 3–4 h after the players last main meal. Players were

asked to refrain from any post-game fuel/fluid consumption

until blood samples (and measurement of body mass) were

taken for that time point. All players were asked to refrain

from alcoholic beverages for the duration of sampling.

Evaluation of fluid loss during exercise

Players were weighed (in shorts only) 3 h before the start

of the game and again immediately after, using an elec-

tronic weighing scales (Seca Ltd, Birmingham, UK). Sweat

loss was not estimated due to logistical difficulties. During

the course of the game, all players were allowed to drink

water ad libitum whenever breaks in play permitted. The

volume of fluids consumed was not noted. Whole body

fluid loss was calculated from the reduction in body mass

that occurred over the course of the game. Mean temper-

ature and relative humidity values were recorded from four

readings taken over the course of the game using an elec-

tronic wireless climate gauge (Thermo-Hygro).

Game characteristics and analysis

The game (international rugby union) involved players from

teams ranked number six and two in the world at that time

(IRB World Rankings, November 2005). Game analysis and

investigation of biochemical disturbances was performed on

players from the home team only. Before the game, players

participated in a standardised warmup, which included ball

work, light tackling and pad work, stretching, calisthenics

and position-specific drills. This lasted approximately for

30 min. To assess the contribution of direct muscle trauma

on markers of muscle damage/inflammation, game analysis

was performed via use of video analysis software (Sports

code, CoTM) and from video recordings following the event.
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The identified game statistics used in this study were contact

events per player, player tackle number and game work:rest

ratio. Player tackle number included the number of tackles

received and made by each individual player, whilst game

work:rest ratios were defined as the period from the begin-

ning of a play to the interruption of that play period by the

referee, and the period from the interruption of a play by

the referee to the start of the next play (Takarada 2003). The

number of contact events included any element of play that

included physical player–player contact (i.e. tackles,

scrums, mauls, rucks). These specific game statistics were

deemed important in determining the relationship between

the contact element of rugby union and its possible effect on

immunological and biochemical variables.

Data analysis

Normality of distribution was initially checked on variables

using the Shapiro–Wilk test. Upon assumption of normal-

ity, data was analysed using a one-way repeated measures

analysis of variance (ANOVA) with Bonferroni post hoc

correction. In the cases of CK, IL-6 and hs-CRP data,

analysis revealed skewed distributions and these data sets

were subsequently log transformed prior to statistical pro-

cedures. Pearson product moment correlations were used to

establish possible relationships between variables. Levels

of significance were set at the P \ 0.05 level. Data were

evaluated using an SPSS for Windows version 14.0 soft-

ware package (Chicago, USA) and presented as mean-

s ± SEM. For neutrophil degranulation, a sample size of

10 was deemed sufficient to detect a significant difference

from analyses of power and effect size calculations used

previously (Bishop et al. 2003).

Results

Game data

Mean ambient temperature and relative humidity was

11.2�C and 45% RH, respectively. Players were involved

in 69 ± 9.0 min of game time and lost 1.4 ± 0.2 kg of

body mass over the course of the game.

Biochemical data

Main effects of time were observed for both cortisol and

testosterone (P \ 0.05) as shown in Table 1. Compared to

baseline levels (camp entry), C decreased on the morning of

the game (*18%; P \ 0.05) before increasing considerably

at the end of the game (post 40%; P \ 0.05). Cortisol con-

centrations then decreased throughout the recovery period

and the values 14 h post-exercise approached those at camp

entry. However, C decreased further during recovery such

that concentrations 38 h post-exercise were significantly

lower (*33%) than those observed at camp entry

(P \ 0.05). Unlike C, concentrations of T decreased imme-

diately after exercise such that values were significantly

lower (*43%) than those observed on the morning of the

game (P \ 0.05). Like C, serum concentrations of T 14 h

post-exercise were similar to those observed at camp entry.

Notably, concentrations continued to increase further into

the recovery period with T values 38 h post-exercise higher

than those observed at camp entry (P [ 0.05). T/C values

decreased immediately post-exercise (P \ 0.05) before

rising steadily throughout the recovery period. T/C values

38 h post-exercise were significantly higher than those at

camp entry (Fig. 1; P \ 0.05).

The activity of serum creatine kinase (CK) is displayed

in Table 1. Increases in CK were observed 14 and 38 h after

the game with values 14 h post-exercise significantly higher

than those observed immediately post-exercise (P \ 0.05).

Unlike CK activity, peak concentrations of CRP were

observed 38 h post-exercise (Fig. 2). Pre-game CRP con-

centrations, as well as those observed immediately post-

exercise, were significantly lower than those recorded at

camp entry. Concentrations then increased 14 and 38 h

following exercise such that values at 14 h post-exercise

were significantly higher than both pre- and post-game

samples. Although the highest CRP values were observed

38 h post, this increase did not reach statistical significance.

Table 1 Plasma/serum concentrations of selected biochemical variables at camp entry, immediately post, 14 h post and 38 h post an inter-

national rugby union game

Variable Entry Pre-game Post-game 14 h post 38 h post

Cortisol (nmol L-1) 382 (12.9) 313* (6.3) 534* (47) 400 (21) 261* (21)

Testosterone (nmol L-1) 21.7 (1.6) 24.6 (0.6) 13.8** (1.3) 20.2 (1.3) 24.3 (2.1)

IL-6 (pg ml-1) 0.85 (0.14) 1.15 (0.25) 3.69 (0.91) 1.01*** (0.29) 1.08*** (0.47)

CK (IU L-1) 497 (73) 333 (49) 519 (60) 1182** (231) 750** (99)

Values are mean (SEM)

* P \ 0.05 different from values at entry, ** P \ 0.05 different from pre-game values, *** P \ 0.05 different from post-game values

IL-6 interleukin 6, CK creatine kinase
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Highest concentrations of serum IL-6 were observed

immediately post-exercise, after which values decreased

progressively during recovery. IL-6 concentrations imme-

diately post-exercise were significantly higher than those at

14 and 38 h post-game (Table 1; P \ 0.05). Significant

correlations were observed between the number of contact

events (r = 0.78; P \ 0.05) and tackles (r = 0.86;

P \ 0.05) completed by players with 38 h of CK activity.

Weaker, but significant, correlations between contact

events (r = 0.65) and tackle number (r = 0.63) were

observed with 14 h of CK activity (P \ 0.05). Significant

correlations were also observed between the number of

contact events (r = 0.82) and tackles (r = 0.64) with post-

game neutrophil count (both P \ 0.05).

Immune data

Exercise-induced changes in circulating number of blood

leukocytes and leukocyte subsets are shown in Table 2.

Numbers of leuckocytes and neutrophils significantly

increased post-exercise, with concentrations decreasing

gradually throughout the recovery period. Cell concentra-

tions were still elevated 14 h into the recovery period

(P \ 0.05). In the case of blood neutrophils, cell numbers

were elevated 38 h into recovery, although data did not

reach significance (P = 0.08). Similar findings were

observed for blood monocytes. A significant effect of time

(P \ 0.05) was observed for numbers of total lymphocytes,

CD3?CD4? lymphocytes, CD3?CD8? lymphocytes and

NK [CD3-CD16?CD56?] cells. Following an initial

decrease in total lymphocytes immediately post-exercise

(P = 0.08), a delayed increase was observed 14 h into the

recovery period, concentrations of which were significantly

higher than at 38 h post (P \ 0.05; Table 2). Similar trends

were observed for lymphocyte subsets. A decrease

(P = 0.08) in the number of circulating CD4? cells was

observed immediately post-exercise and was followed by a

significant increase in concentrations 14 h post-exercise,

the values of which were higher than all other sampling

points (P \ 0.05). A greater decrease in the number of

CD8? cells was observed immediately post-exercise such

that the values were lower than all other sample points

(P \ 0.05). Concentrations of CD8? cells on the morning

of the game (pre-game) were also lower than those

observed at camp entry (P \ 0.05). Similar to CD4? and

CD8? cells, concentrations of NK cells decreased imme-

diately following the game, with values significantly lower

than all other sample points. Concentrations of NK cells

then increased progressively throughout the recovery

period (Table 2).
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Fig. 1 Changes in serum testosterone/cortisol (T/C) ratio across

sample points. *P \ 0.05 from values at camp entry. #P \ 0.05 from

pre-game. Values mean ± SEM

Table 2 Immune cell concentrations at entry, before, immediately post, 14 h post and 38 h post an international rugby union game

Variable Entry Pre-game Post 14 h post 38 h post

Total leukocytes (109 L-1) 5.86 (0.20) 5.95 (0.44) 15.10* (0.94) 7.97** (0.38) 6.66 (0.45)

Neutrophils (109 L-1) 2.43 (0.18) 2.95 (0.35) 10.48* (1.10) 4.37** (0.30) 3.50 (0.36)

Monocytes (109 L-1) 0.57 (0.05) 0.53 (0.05) 1.12* (0.07) 0.73** (0.05) 0.64 (0.06)

Total lymphocytes (109 L-1) 2.51 (0.10) 2.43 (0.12) 2.13 (0.21) 2.75 (0.12) 2.36*** (0.12)

CD4? cell number (109 L-1) 0.87 (0.05) 0.75 (0.08) 0.61 (0.14) 1.13* (0.07) 0.87 (0.05)

CD8? cell number (109 L-1) 0.62 (0.08) 0.37**** (0.05) 0.23* (0.06) 0.43 (0.04) 0.56 (0.06)

CD4/CD8 ratio 1.41 (0.28) 2.18 (0.23) 2.69** (0.39) 2.40**** (0.18) 1.59 (0.20)

NK cell number (109 L-1) 0.20 (0.02) 0.18 (0.03) 0.08* (0.02) 0.17 (0.02) 0.24 (0.04)

Values are mean (SEM)

* P \ 0.05 different from all other sampling points, ** P \ 0.05 different from camp entry and pre-game values, *** P \ 0.05 different from

14 h post-game values, **** P \ 0.05 different from camp entry
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Neutrophil function

As mentioned above, a marked blood neutrophilia was

observed. Following exercise, an initial increase

(P = 0.08) in plasma elastase concentration was observed

after which values decreased significantly below pre-game

values (P \ 0.05; Table 3). Concentrations remained low

throughout the remainder of the recovery period. Total

bacteria-stimulated elastase release followed a similar

pattern with an initial increase in plasma elastase concen-

tration observed immediately post-exercise. This increase

was subsequently followed by decreases 14 and 38 h post-

exercise (P \ 0.05). Although total stimulated elastase

concentrations remained lower than pre-game values, dif-

ferences were non-significant. Adjusting data to take into

account the number of circulating neutrophils revealed a

65% fall in bacteria-stimulated elastase release per cell

immediately post-exercise (vs. pre-game values). Values

began to increase gradually during recovery, with bacteria-

stimulated elastase release (per cell) 45 and 28% lower

than pre-game values 14 and 38 h post-exercise, respec-

tively (Fig. 3).

Discussion

A few studies have examined the biochemical responses to

game play in rugby union (Smart et al. 2008; Takarada

2003; Mashiko et al. 2004; Elloumi et al. 2003). However a

paucity of data exists on the physiological stresses imposed

on players within the elite competitive environment. With

the above in mind, the current study represents a unique

body of data, given that it is the first to examine detailed

biochemical and immunological responses to competitive

rugby play at an international level.

Decreased levels of testosterone and increased levels of

cortisol are thought to represent disturbances in the overall

anabolic–catabolic balance of the athlete (Banfi et al. 1993;

Hoogeveen and Zonderland 1996). In the current study,

significant increases in C (*40%) and corresponding

decreases in T levels (*43%) were observed immediately

after the game. These changes resulted in a large decrease

in T/C ratio, with values still not recovered after 14 h of

recovery. Such findings corroborate those of a previous

study in top-level rugby union (Elloumi et al. 2003),

although increases in C level were observed longer into the

recovery period in the present study. It is possible that

differences in playing standard (higher in this study) and

playing environment contributed to this greater stress

response. Interestingly, present findings also show that C

decreased below resting values 38 h into recovery. This

was matched by corresponding increased levels of T, such

that a significant increase in T/C ratio was observed for this

time point when compared to camp entry. These findings

agree with those observed previously in rugby (Elloumi

et al. 2003) and wrestling (Passelergue and Lac 1999) and

may represent a rebound anabolic stimulus during the

recovery period. Future studies should attempt to investi-

gate the performance-related effects of this T/C rebound in

athletes using physical performance tests and whether or

not additional exercise during this period exacerbates the

muscle repair processes required following heavy exercise.

Interestingly, significantly lower resting C concentra-

tions were observed on the morning of the game (pre-

game) than corresponding C levels at camp entry. This is in

contrast to previous observations in American football
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Fig. 2 Changes in high-sensitivity C-reactive protein (hs-CRP)

across sample points. *P \ 0.05 from camp entry. #P \ 0.05 from

pre-game and post-game values. Values mean ± SEM

Table 3 Blood and plasma concentrations of selected immunological variables before, immediately post, 14 h post and 38 h post an interna-

tional rugby union game

Variable Pre-game Post-game 14 h post 38 h post

Blood neutrophil count 3.0 (0.35) 10.5 (1.1) 4.4 (0.30) 3.5 (0.36)

Plasma elastase concentration (lg L-1) 119 (23) 136 (24) 63*, ** (8.2) 84 (19)

Stimulated plasma elastase concentration (lg L-1) 1,623 (307) 2,080 (222) 1,320** (168) 1,431** (178)

Values mean (SEM)

* P \ 0.05 different from pre-game values, ** P \ 0.05 different from post-game values
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where higher cortisol concentrations were observed in

players closer to kick-off time (Hoffman et al. 2002).

However, it is possible that these higher C values were a

consequence of heavy training and competition prior to

players entering the international camp in the current study.

Although samples were taken on the morning of camp

entry and players had refrained from previous exercise

(minimum of 48 h), the time point (camp entry) occurred at

the end of an intensified period in club competition (He-

ineken Cup). Furthermore, pre-game samples were taken

18 days into the international camp during which time

training volume was considered ‘low’ relative to the pre-

vious phase of club competition. Consequently, these lower

pre-game C levels may have been a product of decreased

residual training stress when players were present at

international squad headquarters. Higher resting levels of

CK and CRP, along with lower T concentrations on camp

entry compared to pre-game values would seem to sub-

stantiate this point.

In accordance with previous studies (Ispirlidis et al.

2008), a delayed increase in CK levels was observed after

exercise. Peak levels occurred 14 h following the game,

although values were still elevated (2.3-fold) above pre-

game values 38 h into the recovery period. This suggests

that significantly more time may be required to obtain

adequate recovery from preceding tissue damage. Increases

in the serum activity of this enzyme are considered a result

of increased permeability of skeletal muscle membrane,

suggestive of skeletal tissue damage (Clarkson and Hubal

2002). As expected, resting CK levels were higher in ath-

letes within the present study (rugby union) compared to

those observed in other team sports such as American

football (Hoffman et al. 2002; 2005) and soccer (Ispirlidis

et al. 2008). It is possible that differences in protein efflux,

clearance rate or loss of membrane integrity (Baker et al.

2004; Sjödin et al. 1990) contributed to these findings.

However, cumulative tissue damage arising from rugby-

related physical trauma represents the most plausible

explanation for this finding. Indeed, despite a small subject

number, significant correlations were observed between

serum CK activity (both 14 and 38 h) and player

involvement in tackles and game contact events. Such

correlations have been observed previously in other colli-

sion-type sports such as boxing (Zuliani et al. 1985), rugby

union (Smart et al. 2008; Takarada 2003) and American

football (Hoffman et al. 2002). Together, these findings are

suggestive of a blunt trauma-like effect on muscle damage,

which occurs during game contact events and resulting

plasma CK leakage. However, the effect of collisions and

tissue trauma on immunological indices was not investi-

gated in the latter studies.

In the current study, a significant leukocytosis was

observed after the rugby game. This was dominated by a

corresponding increase in blood neutrophils ([3.5-fold)

and, to a lesser extent, blood monocytes (2-fold increase).

As observed previously, such findings are indicative of an

exercise-induced acute phase response (Malm et al. 2000;

Fielding et al. 1993) needed for initiation of tissue repair

processes following exercise. Infusion of IL-6 has been

shown to stimulate the release of neutrophils, hepatocyte-

derived acute phase proteins such as hs-CRP, and cortisol

production (Steensberg et al. 2003). In agreement with the

latter study, increases in serum cortisol and blood neutro-

phils were found in conjunction with corresponding

increases in IL-6 post-exercise. Furthermore, a delayed

increase in CRP level was also found (peak levels 38 h

post-exercise). This CRP rise has been implicated in

monocyte activation and adhesion molecule synthesis that

recruit leukocytes (Torzewski et al. 2000). It is possible

that this prolonged anti-inflammatory response to tissue

damage may be essential in further stimulation of neces-

sary growth and repair processes following intense tissue

damaging exercise like rugby. However, future research

into the effects of this inflammatory response and sub-

sequent repair processes is required.

In contrast to increases in markers of inflammation,

decreases in the circulating number of certain immune cell

types were observed immediately post-exercise. In partic-

ular, a large drop in the number of circulating NK cells was

found as previously observed in cycling (Scharhag et al.

2006). This, together with decreases in the number of total

lymphocytes and T cell lymphocytes (CD4? and CD8?

cells) may be indicative of reduced host protection, in

particular to viruses (Faabri et al. 2003). However
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Fig. 3 Change in bacteria-stimulated elastase release per neutrophil

in response to an international game of rugby union. *P \ 0.05 lower

than all other sample points. Values mean ± SEM
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decreases in CD4/8 ratio were not observed following the

game. With respect to CD8? T cytotoxic cells, a greater

decline from resting values was observed compared to

CD4? helper cells as shown previously (Gray et al. 1993).

This indicates that CD8? cells are preferentially recruited

and removed from the circulation with rugby exercise.

T lymphocytes play a fundamental role in the orchestration

and regulation of the cell-mediated immune response

(Gleeson and Bishop 2005), whilst defects in T cell func-

tion are linked to increased viral infections (Faabri et al.

2003). It is not known whether decreases in T cell number

(this study) and function (Bruunsgaard et al. 1997; Ronsen

et al. 2001) are due to exercise-induced apoptosis (Mars

et al. 1998) or redistribution of cells to other compartments

(Gleeson and Bishop 2005). It should be noted that lym-

phocyte functional capacity was not measured in the cur-

rent study and requires further investigation.

A large neutrophilia was observed post-exercise and

contributed to *70% of the observed leukocytosis. Neu-

trophils are the most abundant blood leukocyte and form

part of the body’s innate immune defence against pathogen

entry into the body (Bishop et al. 2003). Despite an

observed increase in cell number, when bacterially chal-

lenged, a significant decrease (-65%) in the functional

capacity of these cells (neutrophil degranulation) was

observed. Although decreases in neutrophil degranulation

has been previously shown following intense exercise

(Laing et al. 2008; Bishop et al. 2003; Blannin et al. 1996),

current findings suggest that this apparent suppression may

last longer than previously thought. Indeed, findings

revealed that decreases in neutrophil responsiveness were

not fully resolved 38 h after the game. Such data point to

the intense nature of competitive rugby union. Decreased

functional capacity of this cell group has been suggested to

result, in part, from an increased proportion of immature

neutrophils in the blood (Blannin et al. 1996; Bishop et al.

2003). Increased mobilisation of these immature neutro-

phils (from bone marrow) is in turn thought to be gluco-

corticoid induced (Peake 2002; Blalock 1989). Given the

high cortisol levels observed post-exercise, this represents

the most plausible explanation in the present study. How-

ever, it should be noted that other hormones (epinephrine,

growth hormone) have been recently implicated in this

decreased degranulation response (Laing et al. 2008).

Interestingly, although an increase in plasma elastase

content was evident after exercise, possibly as a result of

increased number of circulating neutrophils, a significant

decrease in plasma elastase was also noted 14 and 38 h into

recovery. This observation may also suggest that blood

neutrophils enter a refractory state following intense rugby

play.

It has been previously shown that repeated rugby exer-

cise, without adequate recovery, causes depression in other

indices of neutrophil function (Takahashi et al. 2007).

These studies, together with current findings, suggest that

rugby exercise is capable of significantly depressing the

functional capacity of this cell group. Such findings are

important in light of the large amount of tissue trauma,

resulting inflammation and subsequent neutrophilia that is

observed following game participation. It has been previ-

ously suggested that there is a limited pool of circulating

mature neutrophils at any given time (Pyne 1994). Given

observations to date, it is feasible that with repeated tissue

injury and inflammation, contact sports such as rugby may

leave this cell group in a chronic refractory state and

ultimately limit players defence capacity to foreign agents

and infection. Future studies should attempt to investigate

the effects of repeated game involvement and ultimately

tissue damage on neutrophil responsiveness. Such data may

help determine the possible effects of heavy competition

periods on host immunity and aid in management of

training periodisation.

The limited amount of scientific data on acute physi-

ological responses in team sports athletes is perhaps not

surprising given the inaccessibility to players and logis-

tical considerations of data collection. In the current

study, data was collected on an international group of

players in a game that was extremely competitive, with

both teams within the top six nations of world rugby at

the time. Indeed, the game (which ended in a home team

defeat) was played in front of over 74,000 spectators and

so it would be expected that environmental conditions

would have posed a high degree of psychophysiological

strain. Although every effort was made to control for

time of sampling, it should be conceded that samples

taken immediately post-game were representative of a

different point on the diurnal cycle (game kick-off:

17.00 hours). This was in contrast to all other sample

points (morning 8–9 a.m.). However, since many of the

biomarkers measured in the current study are purportedly

linked to the effects of C, known to decrease throughout

the day; changes in these biomarkers immediately after

the game would therefore be suggestive of a real exer-

cise-induced effect. In conclusion, the current study

demonstrates a marked inflammatory response to tissue

damage resulting from playing rugby union. Such intense

physical trauma is capable of resulting in transient but

notable, decreases in host-immunity; a factor which poses

important considerations in terms of exercise recovery

time and illness potential in the elite rugby player. Per-

turbations in measured biomarkers were suggestive that a

recovery period of at least 38 h was necessary following

elite rugby union game play. Future studies should

attempt to investigate the repeated effect of muscle

damaging exercise, such as rugby, on inflammation and

associated immune responses.
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Sjödin B, Hellsten Westing Y, Apple FS (1990) Biochemical

mechanisms for oxygen free radical formation during exercise.

Sports Med 10:236–254

Smart DJ, Gill ND, Beaven CM, Cook CJ, Blazevich AJ (2008)

The relationship between changes in interstitial creatine kinase

and game-related impacts in rugby union. Br J Sports Med

42:198–201

Steensberg A, Fischer CP, Keller C, Møller K, Pedersen BK (2003)

IL-6 enhances plasma IL-1ra, IL-10, and cortisol in humans. Am

J Physiol Endocrinol Metab 285:E433–E437

Takahashi I, Umeda T, Mashiko T, Chinda D, Oyama T, Sugawara K,

Nakaji S (2007) Effects of rugby sevens matches on human

neutrophil-related non-specific immunity. Br J Sports Med

41:13–18

Takarada Y (2003) Evaluation of muscle damage after a rugby match

with special reference to tackle plays. Br J Sports Med 37:416–

419

Tidball JG (2005) Inflammatory processes in muscle injury and

repair. Am J Physiol Regul Integr Comp Physiol 288:R345–

R353

Torzewski M, Rist C, Mortensen RF, Zwaka TP, Bienek M,

Waltenberger J, Koenig W, Schmitz G, Hombach V, Torzewski

J (2000) C-reactive protein in the arterial intima: role of

C-reactive protein receptor-dependent monocyte recruitment in

atherogenesis. Arterioscler Thromb Vasc Biol 20:2094–2099

Zuliani U, Bonetti A, Franchini D, Serventi G, Ugolotti G, Varacca A

(1985) Effect of boxing on some metabolic indices of muscular

contraction. Int J Sports Med 6:234–236

122 Eur J Appl Physiol (2010) 108:113–122

123


	Time course of changes in immuneoendocrine markers following an international rugby game
	Abstract
	Introduction
	Methods
	Subjects
	Sample collection
	Analytical methods
	Determination of immune cell concentrations
	In vitro bacteria-stimulated neutrophil degranulation
	Biochemical and hormonal variables

	Dietary control
	Evaluation of fluid loss during exercise
	Game characteristics and analysis
	Data analysis

	Results
	Game data
	Biochemical data
	Immune data
	Neutrophil function

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


