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ABSTRACT

Military field operations (i.e., continuous physical exercise combined with sleep, energy and water deficiency, cold, heat, time pressure) expose soldiers to a combination of stressors [1]. This investigation examined the impact of a multistressor situation on salivary immunoglobulin A (sIgA) levels, cellular immune changes, and incidence of upper respiratory tract infection (URTI) during the French commando training (3 weeks of training followed by a 5-day combat course). After the 3 weeks of training, the sIgA concentration was not changed, although it was reduced after the 5-day course (P<0.01), and it returned to pre-training levels within a week of recovery. The incidence of URTI increased during the trial (P<0.01), and among the 30 episodes of URTI reported, there were 12 rhino-pharyngitis, 6 bronchitis, 5 tonsillitis, 4 sinusitis and 3 otitis. After the combat course, total leukocyte and neutrophil counts were significantly increased while total lymphocytes were unchanged. In lymphocyte subsets, NK cells were reduced (p<0.01), while CD4+ and CD19+ (B) cells were increased. Levels of IL-6 were increased (p<0.01), while those of IL-1ß and IL-10 were unchanged. Norepinephrine and dopamine levels were increased, while those of cortisol were reduced. Levels of leptin, testosterone, prolactin and total IGF-I were reduced, while those of DHEAS were increased. The incidence of URTI was not related to sIgA, while it correlated significantly to NK cells (p = 0.0023). 

Stressful situations have an adverse effect on mucosal and cellular immunity and increased the incidence of URTI. The large proportion of rhino-pharyngitis indicated that the nasopharyngeal cavity is at a higher risk of infection. Training-induced changes in immune and hormonal parameters were correlated, and the decrease in immunostimulatory hormones levels may have triggered immunosuppression. Blood NK cell levels are related to increased respiratory infections during physical training in a multistressor environment. 

1.0
INTRODUCTION
Military field operations (i.e., continuous physical exercise combined with sleep, energy and water deficiency, cold, heat, time pressure) expose soldiers to a combination of stressors [1]. The effects of these various stressors on the soldier’s health are complex, but could be deleterious as it has been shown that chronic stress experienced by soldiers in wartime leads to immunosuppression [2]. The so-called ‘open window’ hypothesis is based on the idea that a single bout of strenuous endurance exercise or repeated bouts of strenuous training are followed by temporary immunosuppression and may increase the risk of upper respiratory tract infections (URTIs) [3, 4]. In addition, considerable evidence indicates that other environmental factors, improper nutrition [5], psychological stress [6] and sleep deprivation [7] can compound the negative influence that heavy exertion has on the immune system. 

The relationship between the defined parameters of immunosuppression in the “open window theory” and the incidence of URTIs is a matter of current debate. Resistance to respiratory infections is provided by the mucosal immune system, with the major immunoglobulin being secretory immunoglobulin A (sIgA). Secretory IgA thus acts as a first line of defense against colonization of infectious agents on mucosal surfaces by neutralization and elimination of viral pathogens [8]. It has been suggested that low levels of salivary IgA reduce the resistance to infection as indicated by the finding of  a precise relationship between IgA concentrations and the risk of infection [9]. However this direct link between sIgA and incidence of URTI remains to be confirmed. It has been also suggested that a fall in NK cells may be associated with an increased risk of viral infection [3].

Increased incidence of upper respiratory tract infection (URTI) has been reported following endurance-based competitive events [10], or during periods of intense training in athletes [11]. During military training, there is scant information on the incidence of URTIs, but it appears to be dependent on a combined influence of training intensity and duration, along with the presence of other stressors. Lewis et al. [12] showed a marked periodicity of viral infections of the respiratory system after a 30-week ranger course, while Brenner et al. [13] reported that 18 weeks of basic infantry training did not increase the incidence of URTIs with no adverse impact on immune function.

The present study was designed (i) to assess the incidence and type of URTI at different stages of the French Commando training and after one week of recovery; (ii) to examine the changes in mucosal (sIgA) and cellular immune parameters, and cytokine and hormonal responses, (iii) to identify any relationships with the incidence of URTIs. URTIs were diagnosed from self-reported symptoms and a clinical examination. Analysis of the cytokine response included assay of interleukin-6 (IL-6) a pro- and anti-inflammatory cytokine, interleukin-1β (IL-1β) a pro-inflammatory cytokine and interleukin-10 (IL-10) an anti-inflammatory cytokine. The training-induced changes in immunoregulatory hormones were explored by determination of catecholamines, cortisol, dehydroepiandrosterone sulfate (DHEAs), testosterone, prolactin (PRL) and components of the GH/IGF-I axis. Leptin levels, the hormonal signal of energy availability, were determined as lowered leptin levels have been shown to be associated with reduced immune responses [14].

2.0
METHODS

2.1 Subjects

A group of 21 male cadets from the French Military Officer School of Coëtquidan in Brittany took part in the French Army Commando Training including 3 weeks of commando training followed by a 5-day combat course. The subjects had a mean age of 21 ± 2 years and were in good mental and physical condition. The study was approved by a French medical ethics committee (Faculty of Medicine, Paris V, France), and the participants had all given voluntary written consent. 

2.2 Description of the French Army Commando Training

The 3-week training and the 5-day combat course (Figure 1) took place at the National Center for commando training at Mont-Louis in the Pyrenees mountains in June. The 3-week training included a sea phase (first week) followed by a mountain phase (altitude: 1600 m). During the training, subjects spent most of their time engaged in realistic combat training in rough terrain including heavy physical activities: swimming, walking and running, avoiding roads, lanes and trails while carrying back-packs of 11 ± 1.2 kg. Several parts of the training involved mountain climbing. During the study, the daily minimum temperature ranged from -1°C to 12.7°C and the daily maximum temperature ranged from 7°C to 27.2°C. During the month, it rained on 6 occasions: day 5 (4.7 mm), day 10 (0.2 mm), day 14 (10 mm), day 19 (3.5 mm) of the 3-week training and the third (22 mm) and fourth day (19 mm) of the 5-day course. Other weather information and data on air pollutants and pollen are presented in Table 1. Weather information, data on pollution and data on pollen counts were obtained from the French National Meteorological Service (Meteo France), from the local office of the Federation of Chartered Associations of Air Quality Surveillance (Air Languedoc-Roussillon) and from the National Network of Aerobiologic Surveillance (Reseau National de surveillance aerobiologique), respectively.

The 5-day course took place from 6 a.m. on day 1 until 6 a.m. on day 6 and most of the physical activities were at night. Since the cadets slept outside at ambient temperatures during the 3 weeks of training their sleep was disturbed, and since most of the physical activities were at night during the 5-day course, subjects were also sleep deprived.

During the 5-day combat course subjects were estimated to have continuous physical exercise activities corresponding to an average of 35% of maximal oxygen uptake and a daily energy expenditure exceeding 5000 kcal [15].

During the training and the course, the subjects ate the commando ration and their dietary intake was estimated from a 3-day food inquiry that subjects completed once in the middle of the 3-week training. The ration consisted of two main courses, bread in the form of biscuit, custard, energy bars and candied fruit. Water intake was not restricted.

2.3 Study design

Cadets were examined by medical Officers in their Officer School before entry into the Commando training, on the morning following the 3-week training and after the 5-day combat course. One week later the subjects were reexamined in their school to evaluate recovery. All medical examinations took place in military infirmaries. The cadets were under medical surveillance throughout the study (Figure 1).
The subjects were weighed and heights measured in the first clinical examination, and they were also weighed at the other medical sessions. Percentage of body fat was determined before the training and after the 5-day course using the measurements of four skinfolds (biceps, triceps, subscapular and suprailiac) [16].

2.4 Recording of URTI

From the beginning of the Commando training to the end of the recovery, cadets were requested to report daily, via a logbook, their signs and symptoms of infection giving detailed information on URTI. Data were also collected by the medical Officers in the corresponding medical examination. Based on these data and on the examinations, the medical Officers established a diagnosis of URTI with distinction of rhino-pharyngitis (defined as inflammation of the mucous membranes of the nasal and the pharyngeal cavities), tonsillitis, sinusitis, otitis, bronchitis, pneumonia, asthma and others. More than one symptom could be diagnosed on the same day for any one subject. The severity of the symptoms was rated as mild, moderate, or severe. URTI was recorded when subjects reported infectious symptoms on at least two consecutive days [17]. Renewed infection occurring less than one week after termination of an URTI episode was regarded as a recurrence or complication of the primary infection, and was included in the duration of the previous infectious episode [17].

The number of URTI episodes, the number of occurrences of each symptom and the duration of each symptom were calculated. Medical problems classified as "others" and that were not related to URTI were examined by the medical Officers but were not included in the analyses. All medications were recorded.

2.5 Saliva collection

Saliva samples were collected before and after the three weeks of training, at the end of the 5-day course and after one week of recovery. The saliva samples were obtained between 7 a.m. and 8 a.m., using a standardized procedure. The subjects sat in an upright position with the head inclined forward. The subjects rinsed their mouth with sterile water, and were then asked to collect saliva in the mouth for 1 min, after which they were asked to pass saliva into sterilized graduated vial until they reached the 2 ml graduation. The subjects were told not to force salivation, and it was not (artificially) stimulated. Immediately after, the saliva sample was placed on ice then stored at -80°C until subsequent determinations.

2.6 Blood collection

Before training, blood samples were taken between 7 a.m and 8 a.m and subjects were requested to eat a light breakfast in order to simulate the conditions of the second sampling. The second sampling after the combat course took place between 7 a.m and 8 a.m after cadets were transferred to the military infirmary. 

Trained laboratory personnel took blood samples (20 ml) from the antecubital vein after cadets had rested supine for 10 minutes under quiet conditions. Aliquots of 5 ml were transported in a sealed container from the locations of collection to the immunology laboratory (Grenoble, Isère, France). The remaining 15 ml was centrifuged on the location of collection, serum or plasma were collected, stored at -180°C in carbonic ice from collection to our laboratory. Serum and plasma were stored at –80°C in our laboratory and used for subsequent determinations.

2.7 Salivary IgA, protein and cortisol determinations

Salivary IgA concentrations were assayed in duplicate by a modified nephelometric method (IGALC, IgA low concentration, Immunochemistry IMMAGE® system, Beckman Coulter, France) generally used for assay of human IgA in serum and cerebrospinal fluid (CSF). Saliva samples were centrifuged before analysis. Saliva was diluted 1:72 (expected values < 120 mg l-1) or 1:432 (expected values >120 mg l-1). The limit of sensitivity for IgA in CSF was: 0.25 mg l-1. The intra- and inter-assay coefficients of variation were: 4% and 6%. All samples were determined within the same assay.

Salivary protein concentrations were assayed in duplicate using a colorimetric method for clinical use in CSF and urine (urinary/CSF protein, AU600 Application; Olympus System Reagent ref: OSR6170; Olympus, Rungis, France). Maximal linearity was 2000 mg l-1. The limit of sensitivity for protein in CSF was: 7 mg l-1. The intra- and inter-assay coefficients of variation were: 1.2% and 1.8%. All samples were determined within the same assay.

Salivary cortisol concentrations were assayed in duplicate by radioimmunoassay using commercial kits (DiaSorin, Anthony, France). The method to determine cortisol in saliva was modified by the manufacturer. The normal fasting range for lean men was 5 to 28 nmol l-1. The limit of sensitivity was 0.28 nmol l-1. The intra- and inter-assay coefficients of variation were 7.7% and 9.8%. All samples were determined within the same assay.

2.8 Quantification of leukocytes, lymphocytes and their subsets in blood

Complete blood cell counts, hemoglobin and hematocrit were measured in EDTA-treated blood using an automated hematology analyser (Pentra 120, ABX, France). The cell concentration of each leukocyte subpopulation (i.e., granulocyte, lymphocyte and monocyte) was calculated using the same apparatus: the lymphocyte concentration enabled calculation of the respective absolute lymphocyte subset count, using the percentage of lymphocyte subsets that was determined by flow cytometry as described below. The hemoglobin concentration of each blood sample was used to calculate the corresponding change in blood volume according to the formula of Dill and Costill [18].

Lymphocyte subset markers for CD3+, CD4+, CD8+, CD19+ (B cells) and CD16+/56+ (NK cells) were analysed by the Multitest IMK Kit (Becton Dickinson Biosciences, San José, USA) with a FACSCalibur flow cytometer (BD Biosciences, San José, USA), using the whole blood lysis method and dual color immunofluorescence assay. 

2.9 Quantification of cytokines in blood

Serum IL-6 and IL-10 concentrations were determined using quantitative high-sensitive sandwich ELISA kits and those of IL-1β using a sensitive sandwich ELISA kit, all provided by R&D Systems (Minneapolis, MN, USA). All samples and standards were analyzed in duplicate. Serum IL-6, IL-10 and IL-1β concentrations were determined from their respective standard curves by linear regression. The minimum detectable concentration were <0.094 pg·mL-1 for IL-6, <0.5 pg·mL-1 for IL-10 and <1 pg·mL-1 for IL-1β. The intra- and extra-assay coefficients of variation were: 7.8 % and 7.2 % for IL-6, 8.5 % and 10.2 % for IL-10, 4.4 % and 4.2 % for IL-1β. All samples were determined within the same assay.

2.10 Quantification of hormones in blood

Cortisol, testosterone (T), DHEAs, PRL, leptin and insulin concentrations were assayed in duplicate by radioimmunoassay using commercial kits (DiaSorin, Beckman Coulter, Linco Research; France). The normal fasting ranges for lean men were: 193-690 nmol·L-1 for morning cortisol, 10-30 nmol·L-1 for T, 1.33-4.41 µg·mL-1 for DHEAs, 2.6-7.2 ng·mL-1 for PRL, 3.8 ± 1.8 ng·mL-1 for leptin. The limits of sensitivity were: 5.79 nmol·L-1 for cortisol, 0.18 nmol·L-1 for T, 0.06 µg·mL-1 for DHEAs, 0.5 ng·mL-1 for PRL, 0.05 ng·mL-1 for leptin and <4 µU·mL-1 for insulin. The intra- and extra-assay coefficients of variation were: 7.7 % and 9.8 % for cortisol, 6.9 % and 10.3 % for T, 4.2 % and 7.2 % for DHEAs, 1.58 % and 8.03 % for PRL, 7.48 % and 4.02 % for leptin, 6.6 % and 6.2 % for insulin.

Serum total IGF-I, IGFBP-3 were determined in duplicate, using commercial immunoradiometric assays (Beckman Coulter, Diagnostic Systems Laboratories; France). The limits of sensitivity were 3 ng·mL-1 and 50 ng·mL-1 respectively. The intra- and extra-assay coefficients of variation were: 2.9 % and 8.9 % for total IGF-I, 6.0 % and 8 % for IGFBP-3. The total IGF-I assay involved an acid-ethanol extraction of samples to remove IGFBPs. Serum IGFBP-1 was assayed using a commercial ELISA method (Beckman Coulter; Marseille, France). The limit of sensitivity was 0.2 ng·mL-1, the intra- and extra-assay coefficients of variation were 7 % and 2.9 %. All samples were determined within the same assay.

Epinephrine (EPI), norepinephrine (NE) and dopamine were assayed in plasma by HPLC with electrochemical detection. The chemical standard was 3,4-DHBA (dihydroxybenzylamine) (Sigma, Saint-Quentin Fallavier, France). The normal range were: < 100 ng·L-1 for EPI and 600 ng·L-1 for NE. The limits of sensitivity were: 9 ng·L-1 for EPI, 45 ng·L-1 for NE and 18 ng·L-1 for dopamine. The intra- and extra-assay coefficients of variation were 5 % and 9 %.

2.11 URTI — Salivary and cellular immune parameters

The subjects were allocated into two groups of either presence (ILL, N=14) or absence (HEALTHY, N=7) of symptoms during the study. Differences in salivary parameters (sIgA, ratio sIgA/protein, cortisol) levels between ILL and HEALTHY groups were assessed for four situations: before the training, after the 3-week training, after the 5-day combat course, and after one week of recovery. The relationship to cellular immune parameters was assessed through a correlation analysis.

2.12 Statistics

All data were expressed as mean ± SEM. Reliability of variables was assessed using intraclass correlation coefficients (ICC) which ranged from 0.948 to 0.999 for cellular variables, and from 0.991 to 0.998 for mucosal variables. Statistical power for the various variables examined ranged from 0.063 to 1 for cellular variables. χ2 was used to examine the evolution of the proportion of ill subjects over time. The non-parametric unpaired Mann-Whitney test was used to compare differences between the ILL and HEALTHY groups in salivary parameters (sIgA, ratio sIgA/protein, cortisol) at the different stages of the study. A paired Wilcoxon's test was used to identify differences between cellular variables between Before the training and After the combat course. Spearman's test was employed for the correlation analysis. Statistical significance for all variables was set at P<0.05. GraphPad Prism Version 3.0 (GraphPad Software, Inc., San Diego, CA) was used for all analysis.

3.0
RESULTS

3.1 Energy intake

Each subject ate a mean of 138.9 ± 9.3 g of proteins (12.90 ± 1.35%), 170.3 ± 12.0 g of lipids (37.30 ± 7.26%), and 552 ± 44 g of carbohydrates (49.80 ± 8.09%) per day. The mean daily energy intake was 4296 ± 295 kcal.
3.2 Body weight, percentage of body fat

The mean body weights were 75.4 ± 1.9 kg (on entry in the training), 75.4 ± 1.8 kg (at the end of the three weeks), and 74.4 ± 1.8 kg (at the end of the combat course). The mean body weight was unchanged after the combat course, although the mean percentage of body fat was significantly decreased (11.99 ± 0.48% to 10.74 ± 0.46%; P<0.05). 

3.3 Incidence of URTI

During the study, 14 of the 21 subjects suffered at least one URTI episode. The number of ill cadets varied over the trial (χ2 = 53.48; P<0.01) with a peak occurring at the 11th day of training (10 ill subjects representing 48% of the total). Three subjects (14%) were infected before the 5-day combat course and six (28%) at the end (Figure 2).
URTI episodes were recorded during the study of which 7 had multiple symptoms. Amongst the 30 recorded URTI symptoms, 12 (40%) were rhino-pharyngitis, 6 (20%) were bronchitis, 5 (17%) were tonsillitis, 4 (13%) were sinusitis and 3 (10%) were otitis (Table 1). The mean duration of respective URTI symptoms is presented in Table 3. No cases of pneumonia or asthma were diagnosed. Regarding the severity of symptoms, 17 were rated as mild (57%), 12 as moderate (40%) and 1 as severe (3%).

3.4 Salivary IgA and protein concentrations - IgA relative to protein

The mean sIgA concentration after the 3-week training period (120 ± 14 mg l-1) did not differ from that before the training program (113 ± 11 mg l-1), but it fell after the 5-day course (71 ± 9 mg l-1; P<0.01). After one week of recovery, the value had returned to baseline (108 ± 15 mg l-1) (Figure 3).
The mean protein concentration increased markedly from 0.49 ± 0.03 g l-1 before the training program to 1.05 ± 0.11 g l-1 (P<0.001) after the 3-week training, then, decreased to 0.82 ± 0.07 g l-1 (P<0.05) after the 5-day course but was still higher than the baseline level (P<0.05). It remained elevated and above baseline after one week of recovery (0.75 ± 0.08 g l-1; P<0.01).

The mean sIgA/protein ratio fell from 23.2 ± 1.9% before the training program to 11.8 ± 1.0% (P<0.001) and 8.8 ± 0.7% (P<0.001) after the 3-week training and the 5-day course respectively. After one week of recovery, even though it had risen to 14.5 ± 1.2% (P<0.01 vs end of 5-day course), it was still below baseline level (P<0.01).

3.5 Salivary cortisol

The mean salivary cortisol concentration increased from 16.1 ± 1.4 nmol l-1 before the training program to 31.4 ± 2.8 nmol l-1 (P<0.01) after the 3-week training, then fell below baseline after the 5-day course (8.0 ± 0.7 nmol l-1; P<0.001). After one week of recovery, the value was 23.2 ± 1.8 nmol l-1, which is higher than before the training program (P<0.01) or after the 5-day course (P<0.001) but lower than after the 3-week training (P<0.05) (Figure 4).
There were no significant correlations between salivary cortisol and sIgA concentrations at any time of the trial.

3.6 Total and differential leukocyte, and lymphocyte subsets

Variation of plasma volume (Δ PV) was calculated in order to adjust the numbers of cells per liter (it requires the measurement of hemoglobin and hematocrit levels) (4). Δ PV was 8 ± 2%.

After the combat course, there were significant increases in white blood cells (WBC) and platelets (P<0.001 and P<0.01 respectively). Among leukocytes, neutrophils were increased (P<0.001 expressed in absolute values or as a percentage), eosinophils were decreased (P<0.01 expressed in absolute values or P<0.001 as a percentage), lymphocytes and monocytes were decreased when expressed as a percentage (P<0.001) (Table 2).
After the combat course, there was an increase in the number of CD4+ lymphocyte subset (P<0.05) with no change in CD3+ and CD8+. The CD4+/CD8+ ratio was increased after the combat course (P<0.01). A significant decrease was observed in NK cells (CD16+/56+) when expressed in absolute values (P<0.01) or as a percentage of total lymphocytes (P<0.001). A significant increase was observed in B cells (CD19+) either expressed in absolute value or as a percentage of total lymphocytes (P<0.001) (Table 2).

3.7 Cytokines

All values have been corrected for changes in plasma volume. After the combat course, there was an increase in IL-6 (from 1.59 ± 0.21 pg·mL-1 to 2.68 ± 0.46 pg·mL-1; 86.53 ± 27.74 %; P<0.01) with no significant change in IL-10 and IL-1β.

3.8 Hormones

All values have been corrected for changes in plasma volume 

After the combat course, there were increases in norepinephrine (NE) (from 593 ± 41 to 1081 ± 70 ng·L-1, P<0.001) (99.84 ± 14.86 % ) and dopamine (from 21.1 ± 3.1 to 31.9 ± 3.5 ng·L-1, P<0.01) (100.94 ± 31.42 %) while epinephrine (EPI) was not significantly changed (from 33.9 ± 4.7 to 43.9 ± 4.4 ng·L-1) (Figure 5a).
After the combat course, there were decreases in cortisol (from 466 ± 25 to 353 ± 26 nmol·L-1, P<0.01) (19.59 ± 7.55 %), testosterone (T) (from 13.8 ± 0.8 to 7.5 ± 0.6 nmol·L-1, P<0.001) (42.58 ± 5.68 %; P<0.001), prolactin (PRL) (from 4.39 ± 0.34 to 3.44 ± 0.26 ng·mL-1, P<0.001) (19.27 ± 3.83 %), leptin (from 1.22 ± 0.24 to 0.41 ± 0.05 ng·mL-1, P<0.001) (49.14 ± 8.08 %) and an increase in DHEAs (from 2.46 ± 0.17 to 2.75 ± 0.21 µg·mL-1, P<0.05) (14.16 ± 5.75 %). No significant change appeared in insulin levels. After the combat course, there were decreases in total IGF-I (from 181 ± 15 to 115 ± 8 ng·mL-1, P<0.01) (33.71 ± 6.22 %) and its binding protein IGFBP-3 (from 3804 ± 164 to 2951 ± 112 ng·mL-1, P<0.01) (21.63 ± 3.46 %) and an increase in its binding protein IGFBP-1 (from 4.73 ± 0.69 to 15.66 ± 3.24 ng·mL-1, P<0.01) (265.00 ± 70.72 %) (Figure 5b).
3.9 The relationship between URTI and mucosal and cellular immune parameters

The mean sIgA concentrations were, for the HEALTHY group and for the ILL group, respectively, 113 ± 24 mg l-1 and 112 ± 12 mg l-1 before the training, 137 ± 23 mg l-1 and 111 ± 18 mg l-1 after the 3-week training, 77 ± 15 mg l-1 and 68 ± 11 mg l-1 after the 5-day combat course and 122 ± 23 mg l-1 and 101 ± 20 mg l-1 after one week of recovery. sIgA concentrations were not significantly different between subjects of HEALTHY and ILL groups, at any sampling time.

The mean sIgA/protein ratio were, for the HEALTHY group and for the ILL group, respectively, 21.8 ± 3.8% and 24.1 ± 2.3% before the training, 11.3 ± 1.8% and 12.1 ± 1.1% after the 3-week training, 8.8 ± 1.1% and 8.5 ± 0.8% after the 5-day combat course and 15.4 ± 1.1% and 14.1 ± 1.8% after one week of recovery. The sIgA/protein ratios were not significantly different between subjects of the HEALTHY and ILL groups at any sampling time.

After the combat course, a significant correlation appeared in ill subjects between the mean of URTI index and the mean of NK levels (P=0.023) (Figure 6). Before the training, the correlation between the URTI index and NK levels approached significance and was P=0.053. There was no significant correlation between the other lymphocyte subsets expressed in cell numbers and the URTI index either Before training or After the combat course.

After the combat course, significant correlations appeared between training-induced changes in immune parameters (expressed either in absolute values or in percentage) and hormonal parameters (Table 3).
4.0
DISCUSSION

Two recent studies of our laboratory have evidenced that energy deficiency and suppression of mucosal immunity occurred during the French commando training because of a reduction in leptin levels, the hormonal signal of energy balance [19], and a reduction in salivary immunoglobulin A [20]. The French commando military training designed to teach and evaluate small unit tactics includes three weeks of intense training followed by a 5-day combat course, with food restriction, sleep disturbance and psychological pressure because of the need for cadets to validate the training stage. An increased incidence of URTIs has been described in athletes submitted to repeated cycles of heavy exertion, exposed to novel pathogens, or experiencing other stressors to the immune system including lack of sleep, severe mental stress, malnutrition, or weight loss [3]. We therefore determined the incidence of URTIs in our subjects during the commando training (via self-reported symptoms and medical diagnosis) and its relationship with different components of the immune and hormonal systems. 

Most of the studies investigating the relationship between exercise and URTI have used self-reported questionnaires. In this study, two methods to measure illness were used. The combination of medical diagnosis and self-reported questionnaire improved the reliability of the data and minimized the potential for underreporting illness. Moreover, the clinical diagnosis identified the specific symptoms of URTI. To our knowledge, this study is the first to specify the symptoms according to the anatomical location of the infection. In this respect, the main finding was the large proportion of rhino-pharyngitis (40%). Moreover, the results showed increased incidence of URTI over the study with a peak value occurring 11 days after the beginning of the training. Similar data have been reported by other researchers who demonstrated an increased incidence of respiratory infections during a 25-week intense training of US special warfare trainees [21]. Martinez-Lopez et al. [22] also reported an increase in documented infection in US Army Ranger trainees over a period of intense training. In contrast, other investigators found no significant increase in infection rate during a 5-7 day military training course [23] or during a 18.5-day infantry training program [13]. In the present study, most of the URTI episodes were of mild (57%) or moderate (40%) severity, which is consistent with other reports [24]. None of them led to withdrawal of a cadet from the Commando training. 

In our study, results showed that sIgA remained unchanged after the 3-week training, dropped after the combat course and returned to basal levels after one week of recovery. An exercise-induced fall in sIgA has been suggested to be associated with an increased risk of URTI in highly trained athletes [9]. However, there is as yet little evidence for a direct link between sIgA and risk of URTI. In the current study, there were no significant difference in sIgA pattern between the ILL and the HEALTHY subjects. A recent study using a frequent saliva sampling protocol followed sIgA changes over a 30-day period of intensive training in elite swimmers [25]. The results demonstrated that after onset of upper respiratory symptom, sIgA first rose to a peak after six days, and then declined to pre-symptom levels on average 11 days after the first appearance of symptoms [25]. This pattern of mucosal immune response to infection, and the fact that saliva sampling took place 10 days after the peak occurrence of URTI, might explain the failure to observe a difference in sIgA concentration between the ILL and HEALTHY subjects. Such fluctuations in sIgA may help account for the difficulty in finding a link between sIgA and URTI. In this case, a more-frequent sampling protocol would be required to establish a relationship between sIgA and URTI. Taking into account the fact that lower sIgA preceded infection by 48 h [26], sampling saliva every other day might identify a relationship. 

Few changes have been described in the number of resting leukocyte subsets during chronic exercise apart from a lower number of NK cells after several weeks of intensified training in competitive swimmers [27] or transient lymphopenia during the first phase of a 8-week military training with food restriction (US ranger course) [5]. In our study, the cellular immune responses were akin to those described 6 hours after prolonged intense exercise: a long lasting depression of NK cells, neutrophilia and an inversion of the CD4+/CD8+ ratio for an upward trend [28]. As reduced NK cells have also been described after sleep deprivation [29] or prolonged psychological stress [6], the immune changes we observed were assumed to be a consequence of combined stressors. NK cells play an important role in the first line of defense against acute and chronic viral infections and it is well documented that they are the most responsive lymphocyte subpopulation to exercise: their number and functional activity are raised during and immediately after moderate or heavy exercise. After heavy exertion, these increases are followed by marked decreases and the reduced NK activity is one of the components of the Open Window Theory of infectious risk [3]. The persistence of reduced NK cells after training in our study suggested that the soldiers were still in a state of immunosuppression at the end of the combat course despite evidence of cellular responses corresponding to recovery processes (increases in the CD4+/CD8+ ratio and in B cells). 

Several exercise studies have explored the relationship between different markers of immunosuppression and the incidence of URTIs. Nieman et al. [30] were the first to report a beneficial effect of regular moderate training as they evidenced a correlation between reduced URTI symptomatology and increased NK activity in a group of trained women compared to sedentary controls. In contrast, Gleeson et al. [27] observed a significant fall in NK cell number during a 12-week training program in athletes, which bore no relation to reported URTIs. In this study, a post-training correlation between the URTI symptomatology and the mean NK cells level strengthened the association between immunosuppression and low levels of NK cells. The hypothalamic-pituitary-adrenal (HPA) and the sympathetic-adrenal-medullary (SAM) axes are the two major pathways through which immune function are controlled. Cortisol is the end product of the neuroendocrine stress response in humans. Although high levels of cortisol have been demonstrated to inhibit antibody production in vitro, Fleshner [31] suggested that elevated glucocorticoids are necessary, but not sufficient, to suppress the antibody response. Our data indicated no correlations between sIgA and cortisol at any time of the trial, which is consistent with reports of a lack of relationship between levels of sIgA and cortisol following 10 weeks of running training [32]. While the mechanism underlying sIgA decrease is not clear, the result of the present study suggested that salivary cortisol was not responsible for the decline in sIgA.
The increase in catecholamines mediates the acute effects of exercise on leukocyte subpopulations, particularly the effects on neutrophils and NK cells, whereas cortisol is more involved in long lasting post-exercise immune changes such as lymphopenia, neutrocytosis and eosinopenia [33]. In our study, we show an increase in the levels of two circulating catecholamines (i.e., norepinephrine and dopamine) after the 5-day course reflecting an activation of the sympathetic nervous system, while cortisol levels were reduced. The fact that we found reduced cortisol levels was particularly questioning but has been already mentioned after prolonged intense exercise and remained still debated. In a previous study, Viru et al. [34] suggested that fatigue from prolonged endurance activity may introduce a resetting in the pituitary-adrenocortical component of the endocrine system, expressed by either intensified or suppressed endocrine functions. These authors have examined in men the cortisol response to a standardized test of short-term submaximal exercise (10 min cycling ergometry at 70 % maximal oxygen uptake) performed before and after 2h prolonged exercise, and in the same time they have assessed muscle performance through a 1 min anaerobic power test at the end of the 10 min cycling. After analysis of individual cortisol responses, they have separated two groups of subjects and they have shown in one group that the high cortisol concentrations at the end of the 10 min standardized test was associated with increased performance in the 1 min anaerobic test, whereas in the other group attenuated cortisol responses were in association with decreased anaerobic performance. In our study, we assumed that the neutrocytosis and eosinopenia after the training were due to transiently elevated cortisol levels during the training. The elevated catecholamines levels during acute intense exercise are thought to recruit NK cells into the blood via reduction of adhesion to endothelial cells and increase in number of adrenergic receptors [35]. In contrast, the reduction in NK cells and NK cell activity after intensive training has yet to be explained. Prostaglandins from activated monocytes and neutrophils may play a role, and more recently it has been suggested that there is an up-regulation of the expression of adhesion molecules on NK cells after exercise (30).

Other immunostimulatory hormones have been shown to influence immune function such as DHEAs and testosterone, leptin, prolactin and insulin-like growth factor I (IGF-I). Immunostimulatory hormones are described to stimulate the cell-mediated immunity (Th1 response) over the humoral immunity (Th2 response) counteracting the inhibition exerted by stress hormones, catecholamines and cortisol. Nowadays, there are convincing data about the influence of leptin on the immune system and it has been particularly shown that increased leptin levels stimulated Th1 and reversed starvation-induced immunosuppression [36], whereas lowered leptin levels slim immune responses [14]. After the training we observed decreases in leptin, total IGF-I, prolactin and testosterone, but an increase in DHEAs. Additionally, correlations appeared between training-induced changes in immune parameters and those in hormonal parameters suggesting interaction of the latter on the immune system. Low leptin levels represent the main hormonal signal of the energy deficiency encountered during the training, although prolactin and IGF-I levels have been also shown to be lowered by food restriction [37]. Hormonal changes that occurred during the training (elevated norepinephrine and dopamine levels and reduced levels of a majority of immunostimulatory hormones) suggested that a Th2 immune response could have been induced. However, the changes observed in the Th1/Th2-related cytokine profile were less conclusive: levels of IL-10 in serum, the primary Th2 cytokine were undetectable after the training, while those of IL-6 were moderately increased. 

5.0
CONCLUSION

In summary, we observed an increase in upper respiratory tract infections (URTI) during the French commando training (3 weeks of training followed by a 5-day combat course), and a decrease in mucosal and cellular immunity. IgA concentration in saliva and number of NK cells in blood decreased after the 5-day combat course. URTI were not related to salivary IgA while they are to NK cells. The post-training cellular immune profile observed in subjects who have developed many infections during the training (reduced levels of NK cells) suggest that when required to maintain a physical and mental challenge in the presence of URTIs, cadets may encounter the risk to aggravate the infection and exposed themselves to serious illness. It would be useful to continue monitoring the health, diet, immune function and mood state of cadets for at least the month following training under multistressors.
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Figure 1 : The experimental design of the study showing the 3-week training period, the 5-day combat course, and the week of recovery.


Figure 2 : Incidence of URTI during the 3-week training camp, the 5-day combat course, and the week of recovery.


Figure 3 : Salivary IgA concentration (mg l-1) before the training and after the 3-week training, after the combat course and after 1 week of recovery. Values are expressed as mean ± SE.

$$ P<0.01, denotes significant difference with Before training

# # P<0.01, denotes significant difference with After training

* P<0.05, denotes significant difference with After combat course

Figure 4 : Salivary cortisol concentration (nmol l-1) before and after the 3-week training, after the combat course and after 1 week of recovery. Values are expressed as mean ± SE.

$$ P<0.01 and $$$ P<0.001, denotes significant difference with Before training

# P<0.05 and ### P<0.001, denotes significant difference with After training

*** P<0.001, denotes significant difference with After combat course



Figure 5A, 5B: Serum or plasma concentrations of immunoinhibitory hormones (5A) and immunostimulatory hormone (5B) respectively Before the training program (□) and after the 5-day combat course (■). Mean ± SE, N=21.

Figure 6: Correlation between the URTI index and the mean of NK levels After the combat course.

Table 1. Daily temperatures, air humidity, index of air quality, pollen counts and index of allergic risk for the major allergen (graminaceae) during the 3-week training and the 5-day combat course. Values are expressed as mean ± SE. Index of air quality takes into account 4 air pollutants (ozone, sulphur dioxide, nitrogen dioxide, airborne particles), its scale ranges from 1 (very good) to 10 (very bad). Index of allergic risk scale ranges from 0 (no risk) to 5 (very high risk). 

* P<0.5; ** P<0.01; *** P<0.001, denotes significant difference with Sea Phase
	
	
	3-week training
	5-day combat

course

	
	
	Sea Phase
	Mountain phase
	

	
	mean 
	18.1 (±0.7)
	9.1 (±1.0) ***
	10.0 (±2.6) **

	Temperature
	minimum 
	11.1 (±0.6)
	4.0  (±0.9) ***
	5.7 (±2.3) *

	(°C)
	maximum
	25.1(±1.1)
	13.6 (±1.2)***
	14.3 (±2.9) *

	Humidity
	minimum
	43.8 (±2.8)
	34.3 (±1.3) **
	46.2 (±5.9)

	(%)
	maximum
	86.7 (±3.2)
	86.3 (±1.8)
	87.8 (±3.7)

	Index of air quality
	
	5.0 (±0.22)
	4.77 (± 0.26)
	4.60 (± 0.24)

	Pollen
	All taxons (grains·m-3)
	126 (± 23)
	480 (± 70) **
	314 (± 166)

	
	Allergic risk (graminaceae)
	1.86 (± 0.34)
	3.0 (± 0.25) *
	2.0 (± 0.70)


Table 2 : Changes in blood cell numbers (A), percentage of leucocytes in white blood cells (B) and lymphocyte subset numbers (C) during the commando training.

Mean ± SE (n=21). * p<0.05 ; **p<0.01 ; ***p<0.001 between before the training and after the combat course. WBC = White blood cells.































Table 3 : Significant correlations between training-induced changes in immune and hormonal parameters.

r and p values of comparisons between training-induced changes in immune and hormonal parameters 

(Pearson rank coefficient).

*p<0.05 ; **p<0.01 (n=21)
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